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Preface to the Fourth Ediion

Progress 1n our knowledge of heart disease has been rapid and valuable
Duning the past five years much of both physiologic and therapeutic import
ance has been discovered There have been great advances in surgery of the
heart, especially m the field of congenital heart disease Even the problem
of acquired valvular disease 1s again engaging the attention of the surgeons,
a problem that was attacked some twenty-five years ago but which had been
forsaken The discovery of pemaillin and other antibiotics has revolution-
1zed the treatment of bactenal endocarditis and has transformed a pre-
viously fatal form of heart disease to one that 1s generally curable The use
of anticoagulants 1n the treatment of coronary thrombosis has presented
the medical profession with a tool that appears to decrease the immediate
mortaliry of this condition Although this method of treatment 15 cumber
some and may possibly need further evaluation, 1t 1s sufficiently promusing
to deserve our careful attenon

Apart from the great practical therapeutic advances that have taken
place, our knowledge has been enhanced by means of the new diagnostic
tool, 1 ¢ , catheterization of the heart Thus has mdcd greatly inthe dxagnosxs
of various types of heart disease, especially i deciphening the d
forms of congemtal heart disease Further study of unipolar and precordial
leads 1 electrocardiography has also made dragnosis of coronary artery
disease more precise These various additions to our knowledge have been
ncorporated m the present cdmon They ha\e necessitated much revision
of the previous text, mclud: 1 new d of the subject
of electrocardiography For (he lattcr Tam greatly indebted to Dr Harold
D Levine who has taken charge of that department at the Peter Bent
Brigham Hospital and who has drawn freely from the wrtten and spoken
word of Wilson, Ashman and others

1 am also grateful to Dr Lewis Dexter for suggestions concernung mat-
ters pertaining to congenital heart disease and cathetenization studies, a
field of work that he 15 prosecuting vigorously, and to Dr C B Favour
for us advice on the subject of bacterial infections of the heart The pans-
taking task of constructing the index has been performed by Dr Bernard
Lown to whom I express smcere apprectation Finally I wish to thank the
publishers, W B Saunders Company, for their patience and cooperation

SAMUEL A LEVINE
Boston Massachusetts

Fanuary, 1951






Preface to the First Eqition

The purpose of this book 1s to present m a sumple form the important
aspects of the diagnoss, prognosis and treatment of heart disease It 15
meant to appeal to the general practiuoner, and 1n so far as the informa-
tion or the pomnts of view that 1t contains are applicable at the bedside and
lable to any 1L just so far will 1t be useful No

attempt has been made to cover m detarl the enture field of cardiovascular
disease Larger textbooks have appeared recently that have done thus
adequately Nor does 1t contam any bibliographic references For the
most part opmions have been adopted that are shared by present day
authorities on the subject When apparently unorthodox views are pre-
sented, I alone must bear the blame for error, if ttme proves these views
to be Where q of opimon or specul are Ived
1 have tried to draw the distinietion between fact and surmuse This should
not detract but rather add to the mterest of a medscal treatise, for unproved
mmpressions often precede by years established dogma

It cannot be said that the arrangement of the chapters follows any usual
plan Each chapter may be regarded as disunct 1n tself and as a brief
treatise on that subject The advantage of this 1s that they can be read
mdependently In fact, many of the chapters represent the essence of indi-
vidual papers that T have published 1n the past twenty years with the help
of vartous men worlung at the Peter Bent Bngham Hosprtal and reﬂect,
therefore, the results of personal study of the probl

After the mtroductory chapter the various nnportant types of heart
disease are considered When specific of peculiar modes of treatment anse
they are taken up as they come along, reserving the general subject of the
treatment of congestive heart failure for the end Special topics that con-
cern the pracuttoner, which ment emphasis, are discussed separately For
example, because systohc murmurs are present in many forms of functronal
and organic heart disease and 1n fact even 1n normal mdividuals a special
chapter 15 devoted to therr chnical sigmficance Similarly, acute cardio
vascular emergencies arise under a vaniety of crcumstances with and with-
out orgamc heart disease and so, rather than discuss them m each chapter
dealing with the respective type of heart disease, a special one 15 given over
to this topic In this way the reader can review all the types of cardio-
vascular emergencies for which a physiian may be hurnedly called
Although the chapter on Climcal Electrocardiography was inserted at the
very end, 1t may prove more useful to many to read 1t first

Some repetstion has seemed necessary and advisable 1n order to spare

P
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the reader from referrmng, too frequently to one part of the book while
reading another In discussing rheumatic heart disease, auncular fibriila-
tion, for example, has to be consdered It also 35 taken up as a complica-
uon of acute coronary thromb hyperthvroidism and other cond
Nevertheless, when it ts reviewed 1n the chapter on Climical Electrocardio-
graphy, a bnef summary 1s made of all the conditions 1n which aurncular
fibnllation 15 hikely to occur Apart from avoiding thus necessity of constant
reference to dufferent chapters, such a method has an added advantage It
helps 1o give the reader two different modes of approach 1 medical diag-
nosis One may start from a given known finding, Iile a certamn 1rregulanty
of the heart or clubbing of the fingers, and review what the various causes
may be, or begin with a known disease such as coronary thrombosts and
preduct what kind of comphcations may arise Such repetinions, therefore,
can only serve a useful purpose
The hope 15 that this volume will prove practical By this 1s meant that
1t will be easily understood and useful It may seem that certan parts
recene more than their proper share of space and emphasis In general,
pomts have been emplasized if they were simple, applicable at the bedside
and of direct vatue to the panent Linle ime needs to be spent 1n a discus-
ston of those subjects or phases of medicine that are already well under-
stood A consultant with any extensine expenence quickly finds out what
3s known and what 1s overlooked bv the general prachuioner From this
experience he can readily sense the emphasis that 15 needed 1n teachng
If I may be permutted to digress a tut, T should hie to express some

views about our current methods of pedagogy 1 Amencan Medical
Schools Inasmuch as the main purpose of our schools 15 to tramn men to
g0 out 1nto the acive practice of medicine we should keep constantly in
mund that type of teaching that 1s practical and useful The minonty of
our students, who are to become teachers and i estigators, must and do
recene postgraduate trainung mn their respective fields The intial under-
graduate course, however, should be the same for all Thus curniculum
seems to lack a proper distnbution of time with msufficient attention to
that type of teachung that 15 most useful Tor example, many hours are
gnen to discussions concermng a subject like cancer of the pancreas which
1s enurely irremediable and too Lintle to tumors of the spinal cord which
are often completely curable The former, of course, 15 more common, but
the Iatter are more tmportant because they are amenable to effective treat-
ment Granted that a medical student cannot be taught all we know about
medicine 1 four or S1x years, 1t 1s more 1mportant, when he goes out mnto
pracuce, that he should not overlook 2 case of spinal cord tumor with
paralysis that has been diagnosed as am}oltophxc lateral sclerosis or mul-
uple scl than 10 recognize 2 grawth of the tadl of the pan-
creas Likewse, 1t 1s much more important that a physician should be able
to recognize the thyrocardiacs who are masked as heart patients and suffer
mvahdism (so readily pres entable), than to be abfe to make an early diag-
nosts of subacute bactenal endocardius Unul more 15 known about chrome
arthrius and chronie nephnus 1t mught be well to spend less ume 1 our
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teaching of these subjects and more time with a rare condstion like hyper-
parathyroidism, because che umb pains, renal msufficiency and other disa
bilitzes due to the latter can be readily eradicated or prevented by appro-
pnate treatment In a word, the first purpose mn teaching 1s that the prac-
tjeing physician should acquire that informanon which 1s directly helpful
1n the care of the patent This does not mean that clical mvestigations
and laboratory research concerning the unsolved problems should be dis-
connnued A certan part of our profession must be constantly engaged 1n
such effort.

Another aspect of m:du:xl educancn pertans to the simplificauon of
medical drag; In and medical centers, elaborate
laboratory facthues are rudﬂy available for diagnostic purposes After an
extensive constructive differential dagnoss has been built up, one possi-
bihity after another 1s eltminated by varous tests When that same house
officer or student goes out into practice, he recalls the numerous posstbil-
1nes mvolved mn a given set of circumstances, but he no longer has the
% ray to rule out tuberculosts, a Wassermann test to elimmnate sy philis and
a blood culture to dismuss the diagnosss of septicemua What simple clintcal
bedside methods remain to enable lum to establish a temporary working
diagnosts® In other words, how 1s he to disentangle the complicated duffer-
enual diagnosis without putting the patient to great expense? This type of
cliical teactung has been neglected, for there are simple methods that can
be used 1n what mught be called the destructrie differential diagnosss, which
the older or more expentenced physicians have learned and which they are
really pracicng consciously or unconscously A physicran finds that a
patient has a palpabl: spleen and fever Among the vanous condations to
be dered 15 sut bacteral endocardins He learned 1n hus hosptal
traming that a positive blood culture would estabhish the dragnosis, but
that a negative one does not eliminate 1t He has not been taught, however,
that 1f there are no murmurs whatever, he can with fair assurance dismss
the dagnoss of subacute bactenal endocardins Thus finding he can obtan
10 one munute and with no expense ta the patient This merely illustrates
one example, of which there are many, where simple methods enable one
to rule out possible diagnoses It would be desirable if our medical teachers
pad more attention to this type of mstruction

A further difficulty 1 our teachung concerns the completeness or thor-

gh of the on There are berless tests and signs for
various diseases The practioner cannot perform them all every time he
sees a new patient There 1s not enough time nor can the public afford the
necessary expense Therefore we must not only teach these vanous pro-
cedures, but we should emphasize more than we do m our schools when
these procedures should be carred out For example, a systolic thall 1n
the aortic area 15 an extremely 1mportant sign of aortic stenosts, and yet
this sign 15 often overlooked It can be nussed when 1t 15 shight, because
then 1t has to be detected by a spectal technic, 1 ¢, placing the palm over
the upper sternum with the patient upright and holding a deep exprration
Phystcians cannot and need pot go through this procedure with all patients,
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but should be urged to do so only 1f there 15 also a farrly loud basal systolic
murmur Stmularly, determining the visual fields 1s a specialized examina-
tion and will not be performed by most pracunioners However, 1t can be
emphasized that, if there 15 some reason to suspect a piturtary tumor, a
sumple test for bitemporal hemianopsia can be performed 1n one minute
by any physician Moving a pencil on each side of the patient while he 1s
looking forward and ascertaming when he begins to notice 1ts mosements
will serve as a gross test of bitemporal hermanopsia A further example 1s
coarctation of the aorta We must teach not only what the condition 1s, but
under what crrcumstances 1t should be particularly sought If 2 routine
x-ray examnation were made of the chest 1n all adult cases this diagnosis
would not be overlooked This 1s impracticable We ¢an emphasize that
1t needs to be thought of m all those who have hypertenston, paruicularly
1n younger indivniduals, and 1f pulsations of the abdominal aorta or femoral
artenes are dumimshed or absent, then further search for the endence for
or agamst this diagnosis should be made, even including the x-ray In
other words, teachers need to emphasize and simplify, more than has been
done, those sets of aircumstances 1n which special procedures either simple
or complicated need to be carried out

I want to take this opportumty to express my lastng gratitude to Dr
J H Pratt, who first exaited 1n me an tnterest in heart disease while I was
an undergraduate student I also wish to thank Dr A E Cohn of the
Rocketeller Hospatal for first teaching me the experimental method as 1t
mught be applied to the study of cardiac problems All this would not have
been sufficient 1f my cheef, Dr Henry A Chnstan, had not afforded me
every opportumty dunng the subsequent years for devclopmng these inter-
ests I well recall the early days in 1913 and 1914 when Dr Chnistian first
set up the electrocardiograph in the Peter Bent Brigham Hosputal, having
no one to turn to when this part or the other would not function After giv-
g me my ecarliest mstruction concermng this new apparatus and the sub-
ject of electrocardiography, he set me off on my own Irom then on I
have remamed constantly 1n debt to hum for hus sumulus and guidance
n my work

Mauch of the joy and sumulus has come from the undergraduare students,
whose 1nsatiable curiosity and perpleung questions must ever keep the
teacher’s interest aline, and from the many house officers and resident
physicians of the Peter Bent Brigham Hospital who have helped me 1n
these studies dunng the past fificen years We httle realize the constant
acquisiion 11 knowledge that we experience from the casual and more
sparited cony with our and medical friends
Thus 15 one of the most charactenisuc and laudable aspects of our great
profession Among a host of such friends I cannot refram from acknow ledg-
g my endunng grautude to Dr Frank N Wilson of Ann Arbor, Dr
Tinsley R Harmeon of Nashwille, Drs Paul D White and Soma Weiss of
Boston, Dr R W Scott of Cleveland and Sir Thomas Lews of London
Trom all I have learned a great deal

1 also wish to thank Dr ¥ Van Nuys of Weston, Massachusetts and
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Dr W D Stroud of Phuladelphia for their help in reviewing the manu
script and guving me the benefit of thewr cnticism

Considerable hme and effort have been saved by the kindly services of
Miss Bertha I Barker, who has done all the techmcal work 1n electrocard:-
ography at the Peter Bent Brigham Hosputal these past twenty years T also
wish to acknowledge my obligations to the Oxford Umversity Press for
permitung me to use some of the figures 1n Chapter 21 that were previously
published 1n therr System of Medicine

SAMUEL A LEVINE
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Introductory Considerations

Considerable knowledge has been gained since the turn of the century con-
cerning the normal and abnormal changes that occur 1n the heart and the
penipheral part of the circulation One may ask whether or not this knowl-
edge has mmproved the methods of treatment i actual practice Thus ques-
fion 15 often put with the mference that therapy has semamed aa smndsull
and that progress 1 our understanding, though top
and teachers and somewhat tedious to smdents, has merely made the sub-
ject matter clearer and has put diagnoss on a more positve basis Even of
the-latter alone were true and the diagnosts of heart conditions were now
more accurate a distinct advance of a practical nature would have been
made However, as will be demonstrated, prognostcation, although sull
difficult, has become much more definite and, m certain respects, treatment
more efficacious There are now patients suffering from certain hearr affec~
tions who are treated effectively, for whom improvement may be expected
and, 1n some nstances complere restoration of health obtained whereas
a generation ago sumilar conditions were entirely overlooked or improperly
understood and utterly beyond the help of any therapy that was then avail-
able It will become clear 1n subsequent chapters that even the ablest chin
1cian of not so long ago was helpless before some of the problems that now
respond dramatically to treatment

‘These advances have resulted from the more careful chinical study of
our patients, uttlizing the common bedside methods of observaton, the
pathologic study of autopsy material and the newer data that have come
to us from the Iaboratory With respect to the latter type of knowledge, we
owe a great deal to the proneer investigators, such as Mackenzie, Wencke-
bach Emthoven and Lewss, who blished modem d hy on a
scientific basis as a result of the mtroduction of the polygraph and the
electrocardrograph The use of basal metabohism determmanons in chnical
work has also matenally helped our therapy These and other laboratory
procedures have fortified our knowledge so that, as a result of therr use,
we are now successfully treating patients sufferng from certain conditions
that were previously regarded as hopeless Reference 1s made at this pont
to the recent improvement of our knowledge and to the means by which
the advance was obtained, to combar the view that seems to be prevailing
m the munds of many that laboratory methods have come to occupy too

1




2 CriNicaL HEART Disease

promunent a position 1 our medical study An understanding of both the
purely climecal and the more ntricate laboratory aspects of disease are abso-
lutely necessary for a proper approach to the diagnosis, prognosts and
treatment of heart disease, and the slighung of one method or undue
emphasis of the other will dimimsh the accuracy and value of our work

Aums 1n the Treatment of Heart Disease

At the outset, the proper aims 1 the treatment of heart disease must be
appreciated Unlike other conditions 1n medicine, most sufferers from heart
disease cannot be cured The disease generally 1s a chrome one, and the
purpose of intell care 15 the prol 10n of life, the dimunution of
suffering and the increase of mental and physical efficiency of the patient
If the dufference between correct and 1ncorrect advice given to a patient
with early heart farlure 15 a matter of two to five years of added hfe, then
proper treatment renders much more aid than most of the unhappy sufferers
of cancer obtain from the thousands of surgical operations that are per-
formed for their relief In addiuon, there 1s an mcreasingly large group of
heart patients who present problems in which knowledge of the proper
treatment saves hife and effects complete restoration of health whereas, with
lack of that speaific knowledge, fatalities occur To be sure, such mnstances
are uncommon, but to the few who succumb 1t 15 hittle comfort that these
condsuions are rare and therefore we should be ready to render this invalu-
able service when the occasion anses

There 15 a further mm to strive for 1t accurate study of heart disease
which result purely from correct d 1 have refi to distingusk
g orgame from functional heart disease Many patients have been con-
sidered as suffering from structural heart disease because of certamn signs
or symptoms that we now know are benign Ths results m great and
unnecessary loss and unhapp and frequenty in the per-
petuanon, aggravauon or actual production of 2 cardiac neurosts which
nught bave been cured or prevented at the outset if the condition were
understood In otber words, many sufferers from funcuonal heart disease
owe their disabibity to the maccurate dragnosis made by some physician and
to the effect produced by the fear and worrv which such diagnosis engenders

A final purpose that one hopes will be more ymportant 1n the future than
1t 15 at present 1s the possible prevention or duninution in the incidence of
heart disease that may follow a sound understanding of 1ts problems To
be sure, we are now constantly heaning the cry of presention from the lay
public and the medical profession It seems thar with our kimuted available
information, too much 15 beng promsed by our medical brethren with
regard to the prevention of heart disease Although much 15 being said,
tirtle that1s effectan e has as yet been accomplished, but the great importance
of the subject warrants the tremendous agitanion that 1s current

Normal Circulation

Before taking up the discussion of heart disease, 1t may be well to review
briefls some of the simple cvents upon which a pormal circulation depends
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The mam functions of the circulation are the distribution of oxygen and
other nutrient and essential constituents through the capillaries to the
ussues throughom the body, and the el of nowous prod
mamly through the lungs and kadneys Let us at this point trace the differ-
ent steps m the flow of blood within the body The venous blood returning
from the peniphery enters the heart through the superior and inferior venae
cavae 1nto the nght auricle After an appropriate mnterval of diastolic filling
of the auricle, duning most of which time the tricusprd valve between the
night aunicle and ventricle 15 open, the auricle contracts and shghtly less
than one fifth of a second later, the ventricle contracts It must be appre-
ciated that most of the blood, 1n fact about seven-eighths of 1t, goes from
auricles to ventricles duning diastole before the auricles contract, merely
because of differences mn pressure in the o chambers and the effect of
gravity Only a last bit of blood 15 ejected by aunicular systole which gives
the ventricle 1ts final stretchung before it contracts When the nght ventricle
contracts, the tricuspid valve closes and the pulmonary valve opens Blood
1s therefore sent through the pulmonary artery to the lung capillanes There
the essential change 1s the liberation of carbon droxide and the absorption
of oxygen 1n the alveol of the lung, 1 ¢ , the venous blood becomes arterial
The blood then returns by way of the pulmonary vemns to the left auncle
The same movement of blood 1s gong on 1n the left side of the heart, that
was described above as taking place in the nght side, from left auncle
through the mitral valve to the left ventricle, only in the one case the blood
15 venous and 1n the other 1t 15 arterial When the ventnicles contract, the
mutral valve closes the aortic valve opens, and the artenal blood leaves the
left ventricle through the aorta to enter the systemic arculation and to
nounsh the vanous organs of the body The blood returns from the capil-
lanies through the vemns back to the heart, only to start the cycle all over
agam The flow of bloed 1s essentally a dynamic phenomenon and results
from differences of pressure m one part of the system as compared to an-
other
‘The above events recur with a rhythmuc regulanty under normal con-
dittons at about the rate of seventy times a munute The disturbances
this rhythm that occur in certain normal and abnormal states are taken up
1 Chapter 21, famuharity with which 1s essential to a precise understanding
of the treatment of heart disease These events produce two heart sounds
that may well be described as Iub dub or the first and second heart sounds
The first heart sound 1s essentially the result of the contraction of the ven-
tricles and the closure of the mitral and tricuspid valves, and the second
sound 15 the result of the closure of the semilunar valves (the aortic and
y) It has been d by some mvestigators, notably Dock,
that the first sound 15 entirely valvular and that the contracting muscle
1tself produces no sound The interval between the first and second heart
sounds 1s systole and that between the second and first 15 diastole The
length of the former 1s approximately two thirds of the latter It wall be
seen later that 1n some cases, tn order to avoid overlooking important find-
1ngs 1n the heart that are to be heard by auscultation, 1t wll be necessary
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for the physician to tramn humself to Listen to one of the four features inde-
pendently of the others With a httle trauung 1t 1s not difficult to dissociate
from one s mund everything except the quality of the first or second heart
sound Likewise, certain murmurs that occur 1n systole or diastole will be
heard only 1f the mind 1s concentrated for a given length of nme on the
interval berween the first and second heart sounds or between the second
and first sounds I have emphasized this particular point because 1t has
frequently happened that important diagnoses were overlooked as a result
of aimless and more casual auscultation instead of concentraung attention
upon a single element at a ime while listenung to the heart

Forms of Heart Disease

Before taling up any discussion of heart disease, 1t would be well to
classify the general paths along which a heart may be diseased and the
varying ways by which such disease may become manifest A very common
affection of the heart results from deformation of thevalves Such abnor-
maliies may produce a regurgitation of blood through valves at a ume when
they should be closed or a constriction of the valves impending the free
flow of blood from one chamber to another when they should be wide open
The pomt of view I should Like to emphasize at this time 1s that damage
to valves 1s of great importance 1 undermimng the efficiency of the circu-
lation apart from the health of the heart muscle To express this somewhat
differently 1f we assume the valves to be seriously injured at a time when
the heart muscle 1s normal, progressive heart disease and falure of the
arculanon may yet take place because of the mechanical embarrassment
that ewsts

A second form of disorder develops from changes in the musculature of
the heart enurely apart from the mtegnty of the valves Here, as a result
of alteranons m the coronary blood vessels or of more diffuse damage to
the heart muscle from touns or certamn p b lating
1n the body, heart fallure may result Good examples of this are coronary
thrombosis or diphthentic heart disease Turthermore, the heart muscle
may fail functionally even when not sygmficantly diseased, 1f there 1s
marked hypertrophy In this case the blood supply to the heart may be
relatwvely nsufficent for the thick muscle fibers An enurely different form
of heart disease occurs when bacteria start growing on the valves of the
heart Here the heart muscle may be normal and efficient and the mechan-
1cal embarrassment to the arculation as a result of the valvular deforma-
uons of trivial impottance The vicum 15 nevertheless suffering from an
affection of the heart which 1s almost always extremely grave It must be
clear, howerer, that 1n this condition the disease presents stself with the
picture of nfection and sepsis and not as arculatory fatlure, whereas i
ordinary myocardial or valvular disease the patients are apt to complam of

varying degrees of shortness of the breath or chest pan

Disease of the pencardium may embatrass the arculation either as the

direct result of the inflammation that 1s present 1n acute perrcardius or by
the mechameal impediment to the normal free movements of the heart that
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follows a pericardial effusion or pencardsal adhesions Much 1n the same
way, extracardiac conditions such as thoracic tumors that pmduce pressure
on the heart or great vessels or emphy that
1n the pulmonary circulation may affect the heart

Another form of heart disease, which 1s comparatively rare, 1s that which
results from congerutal abnormahties Here, as a rule, the musculature 15
essentially normal but the chambers of the heart, its valves or parntions,
or the large blood vessels are improperly constructed The result 15 either
an impediment to the flow of blood 1n the normal manner or an admixture
of venous and artenal blood because of defects in the septa that dinide the
night and left sides of the heart

Apart from the foregoing structural changes that account for most forms
of heart disease there are dxsturbanccs 1n the mechamsm of the beat 1tself
which present distinct problems mn d and u Such disturb-
ances occur m normal pcople aswell asn patients who also have structural
disease of the heart For example, a perfectly normal individual may sud-
denly deselop a paroxysm of tachycardia under such creumstances that
very disastrous results may ensue Here the mere acceleration in rate
enfecbles the circulatton although there 1s no disease of the heart muscle
or valves and no nfection A sinular situation may develop 1o a patient
who already has mutral stenosis Then the embarrassment of the arcula-
tion may be more serious and develop more quickly Such abnormahnes
m the mechamsm of the heart may properly be regarded as functional and
will be taken up 1n detail later

There 1s a final condttion which goes by 2 vanety of terms that will also
deserve our consideration I have reference to functional heart disease and
cardrac neurosts These conditions were very prevalent duning the First
World War and had one or another of the following names soldrer s heart,
effort syndrome, disorderly action of the heart (D A H ), neurocireulatory
asthema (N C A ), irritable heart, functional heart, or nervous heart

The disability of which the patent will complain 1n one form of myo-
cardial disease may be quite different from that in another Dyspnea 1s
generally the most promunent symptom of cardiac failure whether 1t occurs
m a patient with valvular or myocardial disease, however, when there 1s
localized coronary artery disease producing angina pectorss, there may
be no dyspnea whatever and only chest pan Likewase, the heart may be
mtovcated as a result of hyperthyroidism without any dyspnea Here the
heart 1s actually hyperactive and the pnmary complaint may be palpitaton
The inference from all this 1s that there can be no single method of testng
the health of the heart This explamns why the various functional tests of
the heart that have been devised many of which are sull being extensively
used, have proved so unsatisfactory Most of these tests utithize the effect
of some effort on the heart rate, the blood pressure or on the producton
of dyspnea 1n order to determune the health of an organ like the heart,
which has so many different ways of expressing its abnormalities It would
be just as impossible to decide that the bramn 15 normal by finding that
heanng of vision 15 not disturbed As a further illustration of this dufficulty,
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a patient may hav e a bistory of serious syncopal attacks with complete heart
block (Adams-Stokes disease) and yet when put to a test of effort will show
no dyspnea or pamn whatever The reason for this apparent anomaly 1s
that the mam disturbance 1n function 1n this particular instance 1s one of
conducuon of impulses, and the other functions of the heart are essentally
normal Funcuional tests in current use are for the most part tests of physical
fitness and not of cardiac disease Many individuals with normal hearts
may mamfest a poor response to effort and, contranwise, those with defimte
well-compensated heart disease may show a normal or excellent response

The differences are due to the degree of physical traiung or to vanations
of nervous stability 1n different indwviduals and do not measure the present
or future status of the heart itself The above will suffice to throw some
light on the present status of functional tests of the heart and to indicate
that the proper apprassal of problems 1n heart disease necessitates 2 com-
plete survey of all factors that may have any possible bearing on the
situation



Rhetmaric Fever

The term * acute theumatic fever has long been used 1n clinical medicne,
but 15 an extremely unsatssfactory one The disease 1s often subacute or
chronic rather than acute There may be no rheumatism or paws, and
fever may be very shight or absent The term rheumauc state * has come
1nto vse of late and has the advantage that 1t focuses attention on a * state
or pecuhanty of the host, and yet a case of smoldering chorea need have
no rheumatism There 1s not even a constant pathologic finding, for the
Aschoff nodule 1n the myocardium or elsewhere which 15 so charactenstic
15 not always present Thus 1s one mstance m which 1t nught have been
advantageous to have a disease bear the name of some famous physician
until sts exact ettology were discovered, a custorn mn medicine that 1s often
perplexing to students and pracutioners In this chapter rheumanc mfec-
t10n 15 meant not to include infectious arthnts, although m some cases the
former seems closely allied to the latter

Rheumanc fever 1s the most important mfection that 15 directly related
m a causative sense to the development of heart disease, particularly 1
younger people With this 15 mncluded chorea or St Vitus's dance The
exact etology of thus drsease 15 not hnown although the streptococcus 1s
thought by many to be the cause The evidence, however, 1s very conflict-
1ng and the question 1s best regarded for the present as unanswered Itis
very lhkely that certain hemolytc streptococct play a role in this connec-
tion, as the disease so frequently follows 1n the wake of sore throat, tonsilli-
us or other streptococcrc infections The occurrence of epidemucs of rheu
matic fcver n camps or nstitutions, where large groups are crowded

together, fi g a widespread hemolync st cus 1nfe of the
throat affords strong evidence n favor of the vxew that there 1s some causal
rel hip between the strep organssm and rheurnatic fever The

exact relationshup, however, 15 not well understood

Much has been written of late about the allergic nature of rheumansm
companng 1t to asthma, hay fever and urticana, only that the sensiuvity
1n the cases of the latter 15 to protemns and in the former to bactera and
their products, particularly streptococer This conception has aided 1 the
understanding of some of the manifestations of the disease It can explain
why jomnts may swell i response to a sore throat withour the presence of

7
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bacteria in the jomts Under such circumstances certam tissues (e g , the
sk or jomts) may respond to mfection or streptococc m distant parts of
the body (e g , the tonsils, teeth, or smuses) because of local alterations 1n
sensittvity Thus pomt of view gives a different aspect to the 1dea of focus
of infection” in 1ts relation to rheumatsm
At the outset 1t becomes very important to have a clear understanding of
this particular infection and 1ts vartous mamfestauons The rheumatic
mfection often appears seven to fourteen days after some primary illness
or upset This primary cause generally 1s a streptococcus nfection, like a
sore throat, but may be an ordinary surgical operation the mjection of
some foretgn protein, a chulling, or exposure Scarlet fever 1s one of these
tnigger mechamisms that may start this series of events, but 1t cannot be
regarded as a cause of theumatic fever or rheumatic heart disease On care-
ful analysis 1t will be found that 1n bnly 2 to 5 per cent of cases of scarlet
fever are there cardiac comphcations This percentage corresponds to that
of rtheumatic mndividuals 1n the general population It will generally be true
that the cardiac murmurs which follow scarlet fever occur 1n that small
number of patents who showed muld arthralgic symptoms about ten days
after the onset of the disease In other words, the scarlet fever infections
uncover those mndividuals who are constitutionally rheumatic or vulnerable
It 15 not unlikely that if the scarlatinal infection had occurred at some other
tume when the particular host was not vulnerable 1t would not have resulted
1n a rheumatc bout
We are all familiar with the typical attack of acute rheumatic fever m a

child or a young adult who 15 suddenly afflicted with pamful joints which
are tender, warm, swollen and red, the symptoms jumping from one jomnt
1o another 1n raprd succession During such a condition there 1s 2 moderate
fever and slight leukocytosts This may last a few days, a few weeks, or
even months We are also farmhar with the typical attack of chorea m which
the child msidiously develops 1 'y nervous

or twitchings of a peculiar character Both these conditions may properly
be regarded as different manifestantons of the same rheumatic mnfection,
for they frequently occur together, they attack the same type of individual
and 1n a sense produce the same disabilinies 1n the heart When either of
these two conditions occurs 1n a typical form, 1t 1s very easdy recogmzed
However, when the symptoms are shght, they are frequently overlooked
both by the patient s faruly and by the physician, remain unrecogmzed,
and lay the same foundation for the subsequent dev elopment of rheumatic
heart disease I have often seen children who have appeared somewhat
nervous or fidgety, mn whom 1t was extremely difficult to tell from the
symptoms that chorea ewsted, and yet i whom there was sufficient evi-
dence of a subsidiary nature to make 1t certamn that a true Sydenham s
chorea was present The same has frequently been true of mild cases of
rheumatic fever Here the pauent may only have vague aches and pams 1n
the imbs, often called growing pams,’ and yet, because of these same
secondary of the 1¢ mfection, the true character of
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the underlying disease became evident We must, therefore, be ready to
make the diagnosis of rheumatic infection 1n many atypreal cases

Atypical Cases

The failure to recognize atypical cases of rheumatic infection accounts
for the fact that 1n many nstances outspoken valvular disease of the heart
15 seen 1n adults when no past history of rheumatic fever or chorea can be
uncovered In fact, if we take a condition ltke mutral stenosis, which I
believe 1s due to only one disease, namely, rheumatic infectton 1 only
about 50 per cent of the cases wll there be a defiite history of rheumatic
fever or chorea In the other 50 per cent, I believe that rheumatic infection
occurred years previously, but presented stself in an atypical form, though
with sufficiently charactenistic featuree to be recogmzed if these unusual
aspects of the rheumanc nfection had been appreciated

We must look upon the rheumatic infecuon as a very protean disease,
11 many respects sumlar to syphilis Apart from the more commonly known
organs that are mvolved, attention has been drawn to rheumatic lestons 1n
the lungs, kidneys and blood vessels of other structures It affects almost
the entire body A child has an attack of rheumatic fever at the age of 9,
recovers satisfactonily, and then presents humself twenty years Jater with
mutral stenosts A young adult has a chancre at the age of 20, and presents
himself with aortic insufficiency twenty years later Chorea may be regarded

as the nervous festatron of st as 15 1s of syphilis
Both diseases have culaneous sympmms, 1¢, the nodules and erythema
multiforme of =t pared to the dary rash or later ter

uary syphilide In both, the heart 1s frequently imnvolved The analogy may
be carried further, for the joints and other organs are affected 1n both con-
ditions It 1s also true that the predomunance of one type of symptom or
another varies considerably from patient to patrent 1n both diseases In
some syphilitics, the cutaneous features are very prominent, n others they
are almost absent, and the central nervous system myolvement 1s the out-
spoken lesion Likewise, 1 some rheumatics, the element of arthritis may
be entirely absent and the nervous manifestation 1n the form of chorerc
movements may be the sole feature of the disease In others, there may
be neither yoint nor nervous symptoms, and the disease will be confined
entirely to an affecuon of the heart or of the skin There are numerous
nstances 1n childhood m which the illness 1s charactenized by gradual
tatgue lassitude shght pallor, muld sweats loss of appetite and weight,
and a slight fever without any limb pams or chorea Sometimes such a
child will be considered as suffering from tuberculosts, possibly ivolving
the hilus glands The rheumatic nature of the disease 15 often overlooked
and m fact could be suspected only by the most careful constderanon of
the secondary factors of rheumausm In these cases 1t will frequently be
found that the heart sounds are hyperactive or that a murmur over the
precordium will be present, ether of which should direct one s attention
to the possibility of theumatism One may be Ieft 1n doubt as to the diag~
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nosis only to see the chuld at some subsequent ume go through a similar
Hlimess, this time associated wath typical polyarthritis or chorea We must,
therefore, not confine the diagnosts of rheumanic infection ta those patients
suffering from typical polyarticular theumatism or St Vitus’s dance

I'he various manufestations of rheumatism are best looked upon as differ-
ences 1n the type of response on the part of the host rather than differences
m strams or virulence of the infection We all do not respond to the same
msults 1n the same way This applies to psychic, bactensal or mechanscal
trauma One patient loses hus entire fortune and then commuts smade,
another after suffering a great financial loss takes to dnnk and a third grits
tus teeth and starts all over agam Simlarly one patient has a primary
chancre and despite good treatment develops a stubborn skin syphihide
A second with little or no treatment has few or no skin lestons and only
becomes aware of Ius phght when twenty years later he has involvement
of the central nervous system A third has no mvolvement of the nervous
system but develops an aortic aneurysm Likewse two mdividuals cut thewr
hands and blood flows One famnts at the sight of the blood and the other
has enough presence of mind to put lus handkerchief over the wound
These are differences 1n the response of the host and such differences are
of extreme importance 1n rheumarc fever, for they explain the muluplicity
of the sviptomatologv It also must be remembered that the host changes
dunng different periods of life so that the response m childhood may ke
dafferent from the response 1n adult Life or old age

Detecting Atypical Forms

Appreciating the fact that the rheumauc infectron need not appear n 1ts
typical form as polyarthnts or chorea, what means have we of detecung
the atypical forms of thus disease?® There are numerous clues that have
frequentlv been mvaluable m diagnosis that may be called subsidiary or
secondary features of the disease None of them 1s charactenistic enough to
be pathognomonic, for they are vague and may occur 1 many other dis-
eases, but 1t 1s surprising how often, when considered 1n toto, they make
up a distnct climucal picture In the first place I have reference to epistaxis
Tt 15 well known that nosebleeds occur 1n many normal individuals and n
a varety of diseases, but 1 know of no group of mndwiduals who have
repeated epistaxs as frequently as rheumatic cluldren I do not refer to
the nosebleed that comes from trauma The epsstaxis here 1s spontaneous
and may occur for some years before the outspoken attack of rheumatic
fever takes place, 1t may occur during the active rheumatc mfection while
the child 15 sick 1n bed with fever and polyarthntis, or after recovery
while feehng well and attending school Whether this 15 due to a pecuhar
vulnerability of the small blood vessels of the body in these indmviduals, ot
whether the actual cause of rheumauc fever which lurks 1n the body for
many years produces specific pathologic changes i the mucous membrane
of the nose; 1s not clear It must be appreciated, however, that the rheumanc
ipfection has a predilection for synovial membranes It affects the endo-
cardium, the pericardrum, the pleura, the peritonenm, the synovial mem
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branes of the jounts, of the eye and possibly of the nose At any rate, a hus-
tory of repeated nosebleeds, together with other features, of doubtful sig
mficance 1n themselves, should make one strongly suspect that the patient
1s theumatic

Another symptom, although not quite as frequent as epistaws, but one
which may similarly be used 1n making a dragnosis of rheumatic infection
15 repeated vormting spells The child may be ambulatory, attending school
and suddenly have an attack of vomuting Thus 15 generally pamless and
accompanted by enly slight nausea or none at all To be sure, vomuting 15
a frequent occurrence 1n many nonrheumatic children, but 1t has impressed
me that recurrent attacks of wmmng are Hmore common 10 this disease than
can be d for as an S with or
without this vomiting, there 1s pan 1n the abdomen and tenderness One
can readily see from this brief descripuon how a child mught erroneously
be operated on for acute appendicitis because of the symptoms of nausea,
vomiting, pamn in the abdomen, slight tenderness, fever and leukocytosis
I have p lly seen several i whuch this ken operation
had been performed Tt 15 in these unusual cases that one may be entirely
dependent on other features of rheumatism to arnive at a proper diagnosis,
such as hyperactive heart sounds murmurs, fammly history and nosebleeds

Famuilial Factor

Further pecubanties of rheumatism pertamn to the famuly history and
the consututional type of the mdividual There 1s now no doubt whatever
that there 1s a strong farmilia) ractor 1 rheumatism What 1s not clear 1s
whether the lngh incidence of the rheumatic infection 1t members of the
same famly 1s due to a particular hereditary element or whether 1t 1s due
to the fact that members of the same famuly are exposed to the same envi-
ronmental influences If the disease has a contagious or infectious element
m 1t (and well-established eprdermcs of rheumatic fever have been re
ported), 1t would not be surprising that two or more children 1 the same
household should have the same disease Even 1f 3t 15 not contagrous, but de-
pendent upon factors Itke d ur d overcrowd
ng and diet, one would also expect to ﬁnd an apparent famihial nstance of
the disease Iam mclined to the opimon that apart from the mnfectiousness
of the disease there 1s a distinct hereditary predisposition In one famuly I
know of two sisters and a brother who hived in different parts of New Eng
land, yet one or more of the children of each sibiing has had rheumanc
fever or chorea In this same fanuly the children have had one or another
form of rheumatic infection and thewr parents and grandparents have shown
marked evidence of degenerative vascular disease, namely, hypertenston
and angina pectonts Here we have a striking example of famihal vascular
vulnerability, the children developing the nfe type of y
disease and the parents the degenerative form I have seen thus combina-
uon of rheumatism 1n cluldren and angina pectons 1n the parents too fre-
quently for the relattonship to be enurely accidental The inference to b
drawn at thus pomnt 1s, I believe, that there are fammlies with vulnerabl
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vascular systems and that this vulnerability 1s both to the infectious and
the degenerative form of heart diseases

Apart from the familial predispositton to rheumatic infecnons there are
rare mstances of intra-utertne rheumatic i ol ement of the fetus It would
be difficult otherwise to explamn the finding of well-marked mutral stenosis
m a child exght months old who showed this finding at autopsy Thus can
be calied an instance of feral endocardis

Constitutional Factor

Much attention has been given to constitutional or anthropologic features
of the individual 1n relation to disease ¥ have been interested 1n this prob-
lem 1n so far as 1t bears upon three disunct chnucal conditions, namely,
permicious anemia, angina pectoris and rheumansm There seems to be no
doubt now thar there 1s a type of individual with fair skan blue, gray or
light brown eyes and farr hair (prone to early grayness) that more readily
develops permicious anemia  Highly pigmented mndividuals are only rarely
affected by this disease In a symilar manger, there seems to be a certamn
type that frequently deselops angina pectons I refer here to the well-set,
stocky, strong man (mesomorph) who has always enjoyed good health In
this type the muscles seem to be hard, the shin nght and the forearms well
rounded rather than of flat configuranon There are also some striking

h 1stics 1n the rt 1c cases It 1s surpnising how many freckled
and red haired children, frequently with hyperextensive fingers are seen
1n our heart climics Thus 1s the type charactenzed m England as having
the rheumanic diathests Although I have not any sratistical control studies,
1 feel quite certain that the madence of such 1individuals among patients
with heart diseasc exceeds that 10 the population at large Another finding
of possibly less importance 15 the appearance of the sclerae Many of the
rheumatic children show pimksh coloratton of the sclerae, which 1s due to
an increase m the number of capillaries that come in from the penphery
toward the 1rts This peculianty, however, may not be constiutional, but
rather the result of infechion The foregoing constitutional considerations,
although not as yet established on a fim sciennfic basis, cannot be hghdy
brushed aside They scem to be umportant enough to desers e further study
and have actually proved distinctly useful 1n diagnosis

Reg 1and S 1 Distributton

Other peculiannes of rheumatism pertam to its regional and seasonal
distribution There 15 no longer any doubt that rheumatism, meanmg by
1hus term rhenmatic fever and ats albed condinons, 1s distinctly more com-
on 1m certan parts of the world than 1 others It 1s much more prevalent
1 New England, for example than in the southern states For some ume
this was not believed 1o be true and the apparent difference was explained
by the fact that 10 any statistical study the terminology was contusing In
the North the disease rught be catalogued under the term ‘rhewmanc
fever, and m the South under some other name such as infectious arthn-
tis or polyarthntis  When 1t was found that the incidence of mutral
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stenosis at autopsy 1n a general hosptal of a large southern city was about
one tenth as great as 1n a siumlar hospital in Boston, one could not avord
the conclusion that rheumatism must vary a great deal in 1ts frequency i
different parts of the country No matter what the ongmal wnfection was
called 1n the two ciies, if the disease were equally frequent, mitral stenosts,
the common result of ths disease, and a condition which 1s eventually fatal,
would necessarily have been found with equal frequency 1n any large series
of autopsies performed n the two places This regional difference 1n the
1ncrdence of the disease 1s important entirely apart from 1ts possible bearing
on the nature of the malady, for where the disease 15 prevalent, 1t makes 1t
1mperatyye for the physician to suspect its presence even on slight or doubt-
ful evidence

The seasonal vanations are also of some importance Until the speafic
etiology 1s known we shall have no explanation of many of the features
and peculiapues of rheumansm Among these are the vanations in the
prevalence of the disease during the different months of the year The
early spring 1s a particularly precanious tume of the year, both for the
development of new cases and for recurrent attacks 1n old cases There 1f
a practical mnference in this observation, for if we have any measures cs
protection or prophylaxis that may be beneficial, 1t 15 during the months
of February, March and April that these measures should be carried out
most energetically

Cardiac Damage

Rheumatic disease 15 primanty important in so far as it affects the heart
The acute problem, whether 1t be polyarthnus or chorea, of course pre-
duces a disabling condition, but one from which recovery 1s almost alwnays
complete It may last, however, a very long time The pawnful jomts or the
active chorea may come and go over a period of years Thus aspect of the
disease 15 trymg on the patient, hus family and on the doctor, but they may
all find comfort 1 the knowledge that eventually all thus disappears The
most distressing feature of the condition 1s the great frequency of cardiac
damage, even when the origmnal infection 1s apparently muld It 1s difficult
1o esumate bow frequently the heart 15 mvolved, because one would have
to define what 1s meant by heart damage If all the means that are now
available to detect abnormality of the heart are uulized mn studying this
question 1t will appear that close to 100 per cent of the cases show some
evidence of heart damage To be sure, many of these changes are slight and
transient, others, although permanent, may produce no bodily discomfort
to the panent nor diminsh his future usefulness However, 1t 1s farr to say
that more than half the cases subsequently suffer a more or less serious
organic cardsac condrtion
It must be clear from the foregomng remarks that whereas the rheumanc
fe may show Id p 1t may also appear 1n a singularly
pure form In one case there may be a great deal of polyarthritis, in a second
there may be rheumatic nodules and vomuting and nosebleeds may occur,
1n another none of these symptoms will be present and only acnive chorea
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will be noted The disease 15 the same m all mstances, but the response of
the body 15 different What 1s much more important 1s that m a fourth case
none of these symptoms may be manufest, but there may be an acute affec~
tion of the heart Here again the cause 15 the same rheumatic infection

It 15 quite concervable and logical to regard the rheumatic infection as
a great deal more prevalent than has been recognized It can be compared
to the situation that exssts 1n relation to mfanule paralysis In this disease
there 1s reason to believe that for every case in which paralysis occurs,
there are many others m which the same infection took place but no paraly-
sts developed Likewise, may there not be numerous mstances of rheuma-~
tic fever i which the rheumausm s exther absent or very slight® There are
probably frequent instances 1n whuch the child has a shght fever and sore
throat, shows no apprecrable arthritis, but develops 2 heart murmur Such
patients would be considered as developing valvular disease of the heart
not due to rtheumatic fever, but rather as a result of a simple sore throat or
without any known etiologic cause In other words, there are probablv
many muld infections, rheumatic 1n nature, which affect the heart, but
which go unrecognized and later go to form that large group of patients
with organic valvular disease m whom no past history of rheumatic fever
can be obtamed

Clinical Features

Let us now consider briefly some of the clinical features that the patient
presents who comes down with a rheumatic attack The onset of the disease
may be abrupt or msidious It often follows a sore throat or an acute ton~
silliis The patient mav, within a short time, complan of rather severe
pawns 1n one jomnt or another, show a moderate fever, and begin to perspire
It 1s charactenistic of this disease for one joint to clear up rather quickly,
and for another to become troubl In the ful 1ng case, the jomnts
are extremely tender to the least motion, and there 15 swelling, redness and
ncreased warmth of the affected parts Sometimes these symptoms recede
spontaneously, or as the result of salicylate therapy In other cases, the
arthritts remarns refractory to treatment for a considerable period of ume
There ate great vanations wmn the seventy, duration and stubborness ot the
jount mamifestations Occastonally the entire illness seems to subside wattun
a few days or a week, and the patient recovers More frequently there 15
an amelioration of symptoms, but the mnfection keeps smoldering for weeks,
months, or even years During the acute stage of the disease, the patent
15 apt to develop some secondary anemua, and look pale In almost all cases,
the heart 15 accelerated out of proportion to the degree of fever This 1s an
mportant feature of the disease There 1s hardly any other conditton 1
which the heart rate continues as rapid with a temperature of 10010101 F
for as long a tume as m rheumatic fever It 1s a common experience to see
the heart rate continue around 120 for months with a fever of only one

degree Even 1f practically all the symptoms have disappeared and the
pauent feels farly well, a slight fever and a rapid heart may persist I have
seen instances 10 which a tempesatuse of about 100 F and a heart rate of
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about 110 lasted for several years Durning all this ume the patients were
feeling quite well, attending school, and undertaking ordinary activities
Finally, without any particular treatment, the slight fever and tachycardia
gradually returned to normal There 1s no better proof of the chromcity
of this disease than such expenences Thus also throws Light on how the
rtheumnatic infection may lurk within the body, smolder 1 a comparatively
imactive way, and suddenly, without any evidence of a reinfection, flare up
and new symptoms appear Reactwation 1s a term that well descnibes
this pecubarity

At different times during the period of activity of the disease there 15
frequently pamn 1n the precordum This sometimes 15 faurly severe and
troublesome, and may occur without any clinrcal evidence of erther pen-
carditis or pleuritis The heart sounds have a hyperactive quality Thus
pounding of the heart troubles the patient, and he complatns of palpitation
The qualtty of the sounds resembles very much that heard 1z hyperthyrord~
1sm It 1s always a matter of great importance to determne, 1f possible,
whether any part of the heart 1s bemng involved during the acute infection,
and 1f 50, to what extent Stmilarly one should try to foretell whether cer~
tain suspicrous evidences of damage ate likely to indicate a permanent
structural imjury or not In many cases, this 1s rather difficult, and at times
impossible A more detarled discussion of this question will be taken up
1n the following chapter

Diagnosis
The typrcal case of acute polyarthnitts with mvolvement of one jont
after another and pl bsid of the p ly affected part 15

eastly recognized The response of the fever and the pain to salicylate
therapy 1s faurly charactenstic but by no means pathognomonic In some
cases salicylates are not very effective and at umes other types of fever or
pawns respond to this drug In the atypical cases a complete knowledge of
the subject will be necessary to identify the condition as rheumatic fever

‘The family and past hustory, the season of the year, the occurrence of epis-
taxss or vormting the feeling of listlessness and faugue the presence of
sweats or anemia the peculiar acceleration of the heart and the increased
1ntensity of the sounds, the development of cardsac murmurs, the detection
of a skun rash like erythema mult:iforme or erythema marginatum the pres-
ence of small theumatic nodules in the scalp, elbows, feet and spme or
over igaments are all important aids 1n dragnosis The sedimentation rate
of erythrocytes 1s increased but so 1t 15 10 almost any infection and therefore
1s pot particularly helpful It does aid n esumating whether or not the
process once dentified 15 still i the active stage, and with the presence of
fever and leukocytosts may serve as a gusde as to the length of bed rest

Furthermore, there are pecubar smmunologic reactions that occur with
rheumatic fever During the week or two foll g the mitzal st

mfection those persons who are rheumatic or who are prone to develop
symptoms of rheumatic fever are likely to show a Iugh titer of antistrep-
tolysin 1n the blood In fact, when such bodes do not appear, rheumatic
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grien 1 one dose by rectum 1n 50 to 100 cc of water If uncomfortable
nnging of the ears develops, the drug may be omutted for a day or two and
treatment remnsttuted with smaller doses As the symproms and the fever
subside, the dose should be dimumshed It has been the custom on the part
of many chinicians to heep the patient on a maintepance dose of sodm
salicylate or aspinn after the acute stage of the disease has subsided This
latter dose will vary with the size of the patent from about ¢ 3 gm to 1 or
2gm aday
Coburn reported striking results following intravenous mjections of very
large doses of sodium salicylate, 1€, 12 to 24 gm 1 2000 to 3000 cc of
solution, daily, for a few days He has devised a chemical method of meas-
uning the concentration of salicylate 1n the blood The aim of thus treatment
15 to obtain a level of 400 gamma per 100 c¢ of blood He has claimed that
the jomts improve promptly and the heart escapes imjury More extensive
evpenence with this method of treatment has failed to confirm the eatly
enthustastic reports It now 1s believed that the course of rheumatc fever
1s not sigruficantly shorter on mtravenous than on ordinary but adequate
oral therapy Furthermore the possibility of salicylate poisoung must be
considered
Durning the active stage of the disease, the pamnful jomts should be pro-
tected by proper support in the form of pillows, and frequently 1t 1s neces
sary to place a hood around the feet and legs as even the werght of the bed
covers may be distressing Bandaging the tender jomts after applying o1l
of wintergreen may gne added comfort Occastonally, the pamns will be
so distressing that sedatves such as codemne or even morphine may be
advisable for short periods of ume These detals m the care of the patient
are of constderable importance, as they are supportive and help to spare hs
vitality which 15 needed to combat an illness that frequently 15 chromc
There 1s no particular problem i the care of the bowels except that 1t 1s
advisable that the patient have one movement a day, with or without the
ad of any cathartic Inasmuch as rheumatic fever 1s frequently accompamed
by a great deal of sweating, 1t may be necessary to change the panent s
clothung frequently and to watch the condition of the skin The heart itself,
m the vast majority of cases, needs no speafic medication, although
patents who have precordial pam an wce bag may be helpful  Althongh
digitalis 15 often grven because the heart 1s raptd I bave seen no evidence
of any beneficial effects except yn rare instances when simultaneously with
the acute infection there 1s congestive heart failure as well The matter of
tood 15 of considerable importance The diet should be liberal and nutri-
fous One should welcome an actual gain i weight, for, 1n most cases, the
patient 1s already undernourished I know of no reason for himiting the
dret m any way Every attempt chould be made to encourage extra nourish-
ment The diet should be adequate 1n vitanuns, especally 1n frt juces,
all the more so because 1t 15 thought by some that deficiency i vitarmn é
15 an important factor mn the development of theumatic fever In fact, very
recently 1t has been suggested by Massell that very large doses of ascorbse
aaad (1 to 4 gm dady) produce dramatic beneficral effects on active
rheumatic fever
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Tt s always a matter of considerable moment to decide how long to keep
the patient m bed This, of course, will depend a good deal upon the sever-
1ty of the illness and upon the extent to which the heart 1s mvohed One
would prefer to continue bed care unul there are no symptoms and the
temperature, pulse, white count and sedimentation rate have been normal
for at least one month In many cases, 1 order to accomphsh this, the
patient will have to be bedridden for many months, particularly if one
waited for the normal heart rate to be resumed, for, as has been mentioned
above, tachycardia may continue even for years When the disease persists
and 1d h g only slight evid of activity, the practical prob-
lem becomes extremely difficult To obtamn the desired result, one mght
have to confine the patient to bed for one or more years At some pomt
the course of the illness, the question of dimmshing returns comes in In
the average publtc chime patient, 1f such a drastic procedure 1s carried out
1 the attempt to obtam a shght and hat q ble ad! ge by
means of a time-consuming and troublesome plan of treatment, the child
frequently loses years of schoolng When recovery takes place, which
mmught possibly have been accomplished without the loss of so much school-
mg the child finds humself handicapped economucally in later years of hfe
There 1s also to be considered the additional cost to the famuly of thus pro-
longed medical care When the advantages from prolonged bed rest are
obvious, the decision 15 simple Almost any sacrifice should be made if
permanent and severe mjury to the heart can be obviated It 15 only when
this advantage 1s exther very slight or doubtful that these economuc features
enter directly mnto the deciston I often permut a chuld of humble means to
continue at school after a previous tral of bed care, although there are
shght fever and a few jomnt pams, whereas if the economrc status of the
famuly permutted private nursing and tutorng I should advise the child to
remain 1n bed The importance of these considerations would be evident
to any one who has charge of large numbers of chnic patents

Prophylaxis
This discussion would be incomplete without a word concerning prophy-
laxis The intimate relationship between sore throat and tonsillitis and the
development of rheumansm has been known for many years Very fre-
quently an acute attack of tonsilliis or sore throat mtrates exther the first
attack of rheumatsm or a recurrence This brings up the whole question
of a focus of infection as the underlying cause i the persistence of this
chromic disease The drrect 1nfe from the 1s that
removal of tonsils would have a beneficial effect on the condition There
has been a great deal of discussion pro and con concermng this matter At
first 1t was hoped that tonsillectomy after the mmtial attack of rheumatism
would actually duninish the number of recurrences that would take place
and the degree of subsequent damage to the heart If thus 1s true, 1t cer-
ramly 1s SO only to a slight extent for we often see the Jdlseasc persist una-
tated after the most careful tonsill After tius disapp g expe-
ence, 1t was thought that once the disease had started, removing the tonsils
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was like closing the barn door after the horse had escaped It was then
argued that the infection had spread from the tonsils and was lurking else-
where 1n the body It would follow, therefore, if this premuse were true,
that by removing the tonstls 1n healthy children before the first infection
took place, theumatism would either be prevented or at least diminished
1n 1ts incrdence Thus, of course would require very elaborate and exten-
swve statistical study  Such a study has been carnied out 1n Rochester, New
York, where many thousands of normal children with tonsils and without
tonsils have been followed over many years To date the sresults are only
slightly mdicative of benefical effects so far as the dumnution n the occur-
rence of theumatism and rheumatc heart disease 1s concerned Certamnly,
there are large numbers of children who have their first attack years after
topstllectomy At present 1t would be fair to state however, that chuldren
who have had their tonsils removed are shghily less hable to have rheuma
ttsm 1n the future than those who have not had their tonsils removed
There are other practical aspects to the whole question of tonsillectomy
that ment our considerauon If this operation 1s to be done 1115 safer during
childhood than i later years Although post-tonsillectomy lung abscess
15 & rare complication, 1t occurs much more commonly 1n adults than in
children The same 15 true of subacute bactenal endocarditis which occa
stonally develops after tonsillectomy 1n adults with valvular disease, and
almost never 1n cluldren Finally, the operation 1s a much simpler procedure
1n children, requinng only a day or so of hospitalization These are add-
tional reasons for early tonsillectomy :n theumatic chuldren When a tonsil-
lectomy of election 15 bemng contemplated 1t 15 better to have 1t performed
m the month of May or June than in August, September or October,
because dunng the latter months pohomyelitis 13 more prevalent and there
1s a possibility of developing a severe post-tonsillectomy bulbar type of
poliomyelitis that might otherwise have becn avoided
The discovery of sulft des, 1 1lin and allied cl Is has been
an epoch makung turming pomt 1n the treatment of many mfections, includ
1ng those due to streptococer It 1s obvious therefore, that they would be
quickly used with the hope of treating rheumanc fever and to prevent
rheumatic heart disease It was soon discovered that the sulfa compounds
had no beneficial effect on rheumatic fever once the symptoms appeared,
and even did not prevent therr development if the drugs were given at the
ume of the previous sore throat This expenence afforded further proof
that there was a great deal more to the rheumatic state than the ongmal
streptococcus nfection It then was thought that if the primary strepto-
coccus wfection could be prevented, the entire chain of events mght Lo
mhibited For this purpose a senes of cases were given 05 gm of sulfzA. ..
zne three nmes daly as a prophylactic agent during the months of Oct. 5xr
through April Although thus method of treatment requires watch 6 fromq
for any untoward effects of sulfonanude medication, some benefice, gag, 493
have been obtaned If this treatment were to be given, 1t sho * g0 £
the first year or two after the imitial attack of rheumatic fever
A more promusing but economucally more costly procedie e+ # , g4 ¢or
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penictlin prophylactically One would have less fear of any towc effects
and there 15 reason to beheve that the doses that can be used would be
more effecuve One mught employ 100,000 to 200,000 units three times
daily during the most precanous months or throughout the year It s too
early to know whether this method will prove worthwiule If it does it s
hoped that the cost of perucitln will fall futther so that 1t mught become
available 1o all who need it
A factor that interests me a great deal from the potnt of view of prophy-
laxs 15 the question of weight It seems to me that the obese child 1s rarely
strichen with an imtial attack of rheumatic infecon  Flus has been par-
ueularly true with regard to chorea, although many such children become
obese after the disease has started 1f thev progress favorably One may
contend that the apparent relauonship between the theumatic infection
and the Jowered state of nutrition 1s that the latter 15 the result of the former
rather than the cause of it Itis difficult to offer scientific proof in this regard
one way or another, and one would, therefore, have to depend for the
present on general impressions However, as a result of observation of a
great many rheumatic patients, I cannot avord the conclusion that under-
nutrition 15 conducive to the development and the prolongation of this dis~
ease and that a diet parucularly rich an protesns should be given 1o vulner~
able chuldren
This discussion brings up the relation between normal or average wesghts
and opumum weghts Doctors and parents often refer to standard wesght
tables when they consider the weight of children We must appreciate that
the normal figures given 1n these tables are average ones, denved trom
thousands of so-called normal ’ individuals These figures are, therefore,
averages of good, bad and indsfferent weights One should stuve, not for
average figures, but for opumum ones The best weight at any part of hie
may be quite dafferent from the average I feel that the best weight for chul-
dren and young adults 1s distictly above the average, and as we shall see
later 1n discussing degenerative heart disease, the best weght for the second
half of life 18 distinctly below the average If thus view 1s true, the pracucal
inference follows that a deliberate attempt to keep infants and children
overweight mught actually dimumsh the ravages of theumatic fever Such
attempts might be more particwlarly applicable when other features like a
postuse famly history ot peculiar constitutional charactensstics ndscate
that the chuld 1s more than ordinanly susceptible 1o theumatism  The same
efforts 1n the dietary care should be carned out even after the first artack
has occurred Recurrences, 1 feel, are less apt to develop, or are less apt to
be damagmg, 1f those who once had rheumausm gan weight or acrually
become somewhat obese
There are other measures of a preventive nature that deserve some atten
non It1s a frequent expenence that an attack of rheumatism quickly fol-
lows exposure 1o wetness and chilliness 1 have seen stances 1n wluch the
first artack came immedhately after the pauent was soahed through to the
skin 1n the rain or was chilled from lying down on cold, damp ground This
should make us caution our patents to avord getting their feet wet or their
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body chilled, and we should call these matters to the attention of the parents
of these childzen so that they may take appropnate prophylactic measures
Tt 1s a simple matter for the physician to tell the panent or lus parents that
he ought to avord sore throats or catching cold Thus 1s easter sard than
done No doubt upper resp y have an bearing on
or are often responsible for mmual or subsequent attacks of rheumatism,
but we have, as far as 1 know, no certam or specific measures for ayoiding
these infections, except the general ones that pertam to bodily hygiene
Mouth cleanliness and appropriate dental care should be carned out
Much 1s being said about the importance of the teeth n their relaton to
3 disease, especrally rh and 1] heart disease 1
cannot convince myself that I have ever seen an instance mn which this
causative relation ewsted as far as rheumatic heart disease 1s concerned
Teeth have a more important bearing, on the development of subacute
bactenal endocarditis than they have on theumatic fever Notwithstanding
thrs doubt and skepticism as to the role of mfected teeth, I do urge all
these panents to keep their teeth 1n a satisfactory condrtion

Two other procedures, the value of which has not yet been demonstrated
but which deserve attention, are vaccination against colds and <-ray treat-
ment of the throat The former in the opiuon of some authorities, will
dimumsh the maidence of upper respiratory infections, and 1f this can be
accomplished vacaination should prove of value The latter has some
theoretrcal jusnficatton for its use We know that radiation can destroy
adenord tissue 1n the throat It has been used as a substitute for tonsillec-
tomy by some physicrans There are numerous mshary tonsils on the poste-
rior pharyngeal wall that cannot be enucleated surgically, each one of which
might be regarded as a posstble focus of nfection I have, therefore, advised
radiation of the throat 1 some cases m whach sore throats have perststed
after tonsillectomy What good has been accomplished thereby 1n these
cases 1s still uncertain There 1s a further use of the x ray that deserves
consideration In a small number of cases a sertes of s.x daily spray % ray
treatments given to the entire body has been of help for troublesome aches
and pains of smoldering rheurnatic fever The dose used 1s 25 ¢ The bene-
ficral results m such cases probably come from an effect upon the immune
or reactive state of the host rather than from any antibactenal action of the
X ray

An upper respiratory infection with fever deserves more than usual con
sideration 10 a rheumatc individual During an ordinary cold many of
us contitue our daily work with the hope that 1t will pass by without any
further ado the nsk 1s so great 1n an individual with a possible theumatic
infecuion that 1t 15 expedient that the individual should remain m bed until
the 1llness 1s well over

A final consideration 11 the matter of prevention concerns the question
of climate As has been mentioned earlier 1n thus chapter, there are parts
of the United States 1n which rheumatism 15 comparatively rare The
question anses whether we can utilize this factor mn a prophylacuc way
Wil an individual who mught come down wath rheumatc fever while Iving
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in Boston, for example, avoid the disease 1f he spends his hfe i Tlonda,
Southern Califorma or 1n a city Iike New Orleans, where the disease 1s less
common® There are no statsstical studies to give the answer to this ques-
tion It 15 logical to thunk that the disease might be avorded 1 this way,
but this has reference to patients who have as yet not suffered from the
first attack The matter 15 quite different when we constder what mught
happen to a patient who has already had a rheumatic attack and then goes
to a region where the disease 15 less prevalent In other words, will recur-
rences be less frequent 1n one place than in another, or does the fact that
the disease has once obtamned a foothold make 1t independent of external
sur dings® I have on advised parents to move their famulies
out of New England to warmer climates when one of the children persisted
n having recurrences of theumatism despite all therapeutic measures that
we carnted out Although such instances have been too few 1 my expenence
to draw any definite conclusions therefrom, 1t seemed that good was accom-
plished when a change to a warmer chmate was made However, uprooting
the whole household 1s extremely costly and drastic, and naturally can be
undertaken only by a few families It would be lughly desirable 1f we could
have more data 1 ths regard, for, although costly, the move would be
worthwhile, 1f effective  The whole question of treatment and prevention
of rheumanism and 1ts comphications presents a most difficult and unsatis-
factory situation The soluuon, therefore, will have to await the discovery
of the actual cause or the true nature of the disease

From a sociologic and public health pomnt of view slow progress 1s being
made and much more 1s to be hoped for There 1s already statistical evi-
dence that rtheumatic fever and rheumatc heart disease are on the decline
m the United States Rheumatic fever 1s manly a disease of urban popula-
tons and 1ts tnerdence 15 directly related to factors such as crow ding, damp-
ness and poverty As these conditions are improved rheumatic fever will
be more satisfactorilv controlled In thus regard there 1s reason to suspect
that smproved ventilation will help matters considerably as droplet mnfec-
tion appears to play some role in the spread of streptococcal infection

Prognosis

The ultimate prognosis of any single attack of theumatism 1s most vari-
able Recurrences are numerous and, 1n fact, are the rule In only a smalt
number of snstances does death occur with the acute stage of rheumatism
and then 1t 1s as a result of a pancarditis, frequently associated with nephri-
uis In half the cases, at least, permanent heart damage results It has been
thought that the more frequent the attacks, the more hikely there 1s to be
a cardiac comphication This may need some qualification for i many cases
there are repeated bouts without any further cardiac mvolsement Some
patients, n fact, suffer no permanent heart damage after several attacks
Thus, 1n some mnstances, we mght be led to belicve that the all or none ’
law applies, 1 e, if the heart 15 to be attacked the damage will be done in
the first attack and the degree of cardiac mvolvement will be as great 1n
those who have one as 1n those having muluple attacks The younger the
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indnidual at the time of the first attack, the more likely the heart wall be
mnvolved There are certamn pecubarinies m the outcome, depending on the
original type of rheumatc infection, which at present remain unexplamed
Although we nightly regard chorea and rheumatic fever as merely different
mamfestations of the same disease, yet there are qualitauve drfferences
the type of heart damage that results from them

When a chuld has chorea and no other mamfestations of rheumatic nfec-
tion (pure chorea) the heart 1s much more rarely involsed than when rheu-
matc fever occurs with or without chorea This applies to the events during
the immediate few years after the infection I do not beheve, however, that
chorea will prove to be as benign as 1t scems, 1f these same patients are
seen years later I feel that many will sull show valvular disease, in some
because recurrent rheumauc nfection wall have taken place and 1n others
even though there has been no subsequent nfection In other words, the
child who had chorea at the age of 11 may show no evidence of heart disease
at the age of 15 and yet appear at the age of 30 or 40 with mutral stenosts,
never having suffered from any relevant illness in the meannme I have
not infrequently seen women over 50 with mtral stenosss who only then
began to have symptoms of heart disease, who had had chorea m childhood
and no subsequent illness It 1s baffling to conceive of what was talung
place 1n the mutral valve all those forty or fifty years between the origmal
illness and the development of sigmuficant valvular disease If chorea were
as bemugn a disease as an early follow-up study would lead one to believe
there ought to be a considerable number of adults who give a past history
of chorea in childhood but who show no evidence of heart disease This has
not been my expertence

A further peculianty of chorea 1s the predilection for mvolvement of the
mtral valve when there 1s a cardiac comphcation Although the mitral
valve 15 the most common one to be affected no matter what type of rheu~
matic infection may have been the cause, 1t 1s particularly so when the
antecedent illness 1s chorea, for aortc involvement and perrcarditis are
rarely seen mn those who have only had chorea

These qualitative differences i the cardiac complications are rather
difficult to explain 1f we accept the prevailing view that rheumatic fever
and chorea are due to the same underiying cause for one would then expect
sumular types of complications as far as the heart 1s concerned There are
two possible explanations that may have a bearing on this In the first
place, there may be different stramns of organsms that cause rheumatism,
one having a predilection for the nervous system and the other for the
jomnts The organism with a predilection for the nervous system may more
easily affect the mutral valve than the pencardium or the aortic valve One
may draw an analogy between thus state of affarrs and syphilis It used to
be thought that there were stramns of spirochetes that had a predilection
for the central nervous system and others for the cutaneous system The
other possible explanation 1s that the virus 1s the same, but that the hosts
differ There are certain other factors that lend emphasis to thus latter
view Chorea, for example, 1s more prevalent i the female than in -
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whereas the reverse 1s true with regard to rheumatic fever Here one mught
say that sex alters the type of response to the same virus, the nervous system
of the female being more vulnerable than that of the male May there not
be certain anatormic differences n the valves of the heart between those
whuch develop mutral stenosts and those that do not or that develop aortic
disease® Recent work has shown that i some mndividuals the heart valves
contain blood vessels and n others they are absent, whereas some years
ago heart valves were thought to be entirely devoid of blood vessels May
1t not be true that whether mutral stenosis develops wall depend upon the
presence or the extent of the blood vessels in the mitral valve, and that
those which are entirely or comparatsvely lar escape® Such
constderations may account for the discrepancies 1n the kind of cardrac
complications that follow rheumatic mnfections

CHOREA

The general considerations as to the trearment of rheumatic fever apply
with equal force to chorea Just as the presenting complamt in the one, 1 ¢,
pamful imbs, may vary in degree from practically no pain whatever to
extreme, exq pam, h} the ner may be fest 1n all
gradations from merely a fidgety child to theextreme chorea nsamens
Occastonally there 1s marked weakness and paresss of an affected hmb I
once saw a patient 1n whom the mustaken diagnosis of poliomyelitis was
made Durnng active chorea there 1s apt to be no fever or only a very shight
nise 1 temperature and the heart rate 1s generally slow or at least not so
accelerated as during an active rheumatism The treatment for active
chorea 1s a prolonged period of rest i bed and general nursing care Al
though various medicnes are used and each physictan may have hus prefer-
ence, there 15 Inttle evidence of a specific value that can be attached to any
of them Some prefer bromdes or barbrturates, others use arsenic 1n the
form of Fowler s solution, while a third group believe that sodiem caco-
dylate intramuscularly 15 of value At times the nervousness seems to be
helped by daily warm tub baths As I have watched the various methods
used I have felt that 1solation 1n a hospital with good nursing, bed care and
forced feeding were the mam factors 1n recovery When the chorea 1s of
the evtreme or mantacal type morphia may be indicated or even avertm
by rectum (70 mg per kg ) may be given Tever therapy has been advo-
cated and found beneficial 1 shortemng the duration of active chorea The
temperature of the body 1s raised to about 105 to 106° I’ by means of 2

hot box and kept at that level for several hours Such treatments are
repeated once or twice at mtervals of three to five days In all but rare
instances recovery takes place, for the cardiac complications during active
chorea are hardly ever of any greatimmediate concern The nervous twitch-
1ngs may continued 1n a mild form with irregular exacerbations for several

ears
’ There 1s one type of chorea that deserves special mention, 1 e , the chorea
of pregnancy Both rheumatic fever and chorea occur most frequently 1n
the second decade of hfe, parncularly duning the ages of 10 to 13 When




RurumaTIC FEVER 25

once either form of the disease has appeared there 1s a marked tendency
for subsequent attacks In some patients the same mamfestations return
year after year while others who first had chorea will later develop rheuma-
tism or vice versa After the period of full growth has been passed and the
patients have reached the age of about 18 years recurrences become much
less frequent From then on, more purely cardiac complicattons become
manifest with repeated bouts of fever Rheumatic pamns and even outspoken
rheumatism, however, are not at all rare m the third and later decades
Occastonally even the first attack of rtheumatic fever may take place during
these latter decades Curously thus 1s hardly ever true of chorea I have
not seen a single mstance of chorea occurring for the first ume mn a patient
past the second decade, except 1n the rare mstances when 1t 15 assoctated
with pregnancy Even then there probably will be found a history of some
mamfestation of previous rheumauc infectton The great prevalence of
chorea (and, for that matter, rtheumatic fever) during the period of active
growth of the chuld and the fact that chorea 1s never seen agamn except 1n
assoctation with pregnancy, brings to one s mund the possibility that the
endocrine balance or the calcum metabolism 1s 1n some way related to the
suscepubility to rheumauc mfection Durning both of these peniods there
15 a great disturbance of the glands of wnternal secretion and an unusual
demand on the calcum metabolism 1n the production of the long bones
of the mndividual during growth and 1n the laying down of new bones
the fetus dunng pregnancy
A final sidelight on the nature of the rheurnatic infections 1s the peculiar
seasonal madence mentwoned above The early spring seems to be the
most prevalent tume of the year both for first attacks and for recrudescences
of the disease This has mterested me a great deal and parucularly so 1n
the Iight of work on amimals at the Rockefeller Institute that showed sea-
sonal vanations i the susceptibility to expenimental syphulis It was found
m this research that the weight of the various parenchymatous organs,
particularly the glands of mnternal secretion, vaned a great deal dunng
different months of the year February and March were found to be months
duning which amumals were particularly susceptible to experimental syph-
1hs Dumnng these months moreover, the relative weight of certan glands
was espectally low It was alsa found that the caleum content of the blood
varied 1n different months May not sumilar factors be playing important
roles 1 human suscepubility to rheumauc mfections® In thus connectron
the following expenience 15 of interest I once saw a young boy 11 years
old, who had just come down for the first time with an attack of chorea
It began during the month of February I learned from the boy s mother
that her brother (the patient s uncle) had had chorea when he was 11 years
old and that he was first taken i1l with 1t during the month of February
Thus, the same disease occurred 1n two members of the same famuly at the
same age and during the same month It makes one thunk that perhaps
there 15 some inherent hereditary defect 1 d with
growth or with the glands of internal secretion that renders some mndi~
yduals partcularly susceptible to some noxious agent that 1s faurly gener-
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ally prevalent Thus concepuon that changes in the mternal environment,
especzally the endocrine system of the host, may have a bearing on whether
or not an mdividual will develop a rheumatic nfection deserves more
nvestigation than 1t has received, for 1t may suggest methods of preven-
tion that so far have been wanting despite an enormous amount of bacterto-
logic and mmunologic research It at least gives added meaning to some
vague phenomena, such as “growing pamns * and ‘spring fever,” that char-
actenize this mysterious disease
It 15 not unlikely that much valuable information will come to light 1n
the near future concerning the relation of the endocnne glands to many
other diseases Excision of the testes has already been found to have a favor-
ablc mnfluence on cancer of the prostatc The fact that lupus erythematosus
us 15 so overwhel fined to women during therr years
of menstruation leads one to thmk that the ovaries play some role in this
disease The disappearance of a stubborn acne of the face directly after
radiation of the ovaries 1s another example The very low mortality of
patients with untreated lobar pneumona at the age of 10 1n contrast to the
Tigh mortality of those at the age of 70 may be related to differences in the
endocrme system Pattents with thyrotowucosis appear to have a much
greater wcidence of concomitant rheumatc heart disease and hyperten-
sion than other persons 1n the same environment Women have very much
less arteriosclerosis than do men and live several years longer on the aver-
age Does this depend upon some function of the endocrmne system? One
mght cite other ilustrations, all of which lend support to the view that
the endocrine glands may have an important mfluence on vulnerability to
snfections as well as to the develop of some or bol
diseases
"The above discussion concernung the possible relation betw een the endo-
crine system and rheumatic fever and other diseases 1s simular to one taken
up 1 the first edition of this book 1 1935 It 15 very interesting to see that
recent developments have borne out thus speculative prediction  Since the
discovery of the dramatic effects of Compound E on rheumatord arthritis
by Hench and kendall thus endocnine product has been admmstered for
many other conditions wath profound results It 1s much too early to draw
any final conclusions, but already favorable improvement has been observed
1 acute rheumatic fever, lupus erythematosus and gout apart from the
ongmal observations on rheumatord arthriis Because of the great scaraity
of Compound E (a product of adrenal activity), adrenocorticotropic hor-
mone (ACTH) has been used 1n a small number of cases and has produced
somewhat symilar results A critically 1l chuld with acute rheumanc pen-
carditis improved dramatically m a few days following 10-20 mg of ACTH
subcutaneously every six hours Simlar beneficial effects were obtamed 1n
a case of lupus erythematosus which ordinanily has been refractory to all
Lnown forms of treatment The imphcations from this discovery ate great
and remain to be unraveled by future study It1s obvious that Compound B
or ACTH, which sumulates the adrenal to produce Compound E, are not
antibacterieidal agents In some way they must alter inflammatory tissue
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response It seems that these endocnne products change the internal en-
vironment of the host so that more normal metabolic activity 1s restored,
at least temporanly There 1s reason to hope that fundamental advances 1n
our knowledge of many t and new hes 1n the

treatment of hitherto incurable conditsons will result from this work




3

The Development of Rheumasic Heart Disease
Murral Valve Disease

ACUTE RHLUMATIC CARDYITIS

The development of rheumatic heart disease may best be studied by con
sidenng two aspects of the disease first, what 15 takung place during the
acute rheumatic mfectzon and, second, the progressive changes that occur
later, which go to make up the whole picture of chronte rheumatic valvular
disease Dumng the acute rheumanc infection 1t ss frequently difficult to
tell whether or not the heart is bewng affected ar all and whether certamn
changes that are noted indicate a transitory or a permanent cardiac damage
Often one has to leave the question open, and delay a final deciston for
some months or years During this time the condiion may possibly be
cailed ¢ potential heart disease * There are certain criterna, as we shall see,
which afford quite conclusive evidence that the heart 1s involved There
are other changes that are common accompaniments of many febrile reac~
nony, and, therefore, have not the same significance The dishnction
between these two types of changes 15 a most smportant one to appreciate
1n following a case of rheumausm

While the actne infection 1s gowng on there 1s naturally some fever and
acceleration 1 the heart rate The tachycardia 1s frequently out of propor~
ton to the degree of fever This 1s quite typical of a rheumatic mfection,
but need not mdicate that the heart 15 sertously damaged or will show
structural changes afier the wfection 1s over If the pauent develops signs
of aurculatory msufficiency such as marked dyspnea, congestion of the
tungsland hver, or peripheral edema which are not common duning the
acute stage of the disease, we must assume that some serious jury 15
taking place m the heart Even under these circumstances 1t 1s surprismg
how much improvement may eventually occur and how little may reman,
after a Jong convalescence, to mdicate any permanent orgamg heart lesion
Wheu these symptoms are severe and 2 satsfactory recovery occurs, we
cannot avord the concluston that there must have been an acute rheumatic
myocarditis, m which healing took place without :mparrment of cardiac

function
28
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Systolic Heart Murmur

The most difficult feature to appraise properly during the acute infection
15 the development of a systolic heart murmur We all are familtar with the
fact that a very shight systolic murmur may be present during fever, what-
ever 1ts onigin, especially when the heart 1s rapid and hyperactive A more
detailed discusston of the sigruficance of a systolic murmur 15 taken up 1
Chapter 17 However, the louder the systoltc murmur that one hears dunng
acute rheumatic fever, the more likely 1t 15 to be permanent and to indicate
some orgamic lesion This 1s more particularly true +f a murmur of moder-
ate Intensity 15 present while the heart action 1s comparatively slow As the
heart slows, what mught be regarded as a berugn or functional murmur
ought to dimimsh m intensity, for with the slowmg the hyperdynamic
element becomes less promment Loud systolic murmurs rarely disappear
Faint systolic murmurs may disappear, but 1f they perstst they may be
practcally disregarded The murmur of moderate mtensity needs to be
carefully followed and if 1t persists as the mfecuon disappears, I believe
that some mjury, possibly mmor 1n nature, has occurred although 1t need
Dot mncapacitate the patient 1n any way It 1s clear from this discusston that
we must pay some attention to the loudness of the murmur 2nd to s per-
sistence When 1t 15 anterpreted as indicating a structural damage, 1t gen-
erally pomts to mvolsement of the mitral valve, especially if its mrensity
15 Joudest 1n the apex region of the heart This may even be true when the
pomt of maximum 1ntensity 1s at the base, although ths 1s not so certamn
‘We now know that the rtheumatic infection may affect the wall of the aorta
and this may add to the confuston of mterpreting the causation of the basal
systolic murmur

Disturbances 1 Conductton

A more certam wndicanon that the heart 1s being affected duning the acute
disease 1s the finding of disturbances in conduction 1n the mechamsm of
the heart beat Not infrequently duning ordinary bedside examunation one
detects an actual heart block, an occasional omussion of an entire heart
cycle or a dropping of the beat Ths indicates an acute myocarditis, for
the conduction apparatus of the heart kies within the musculature, and there
must be some toXiC process of some structural damage, ke an Aschoff
nodule, affecting the aunculoventricular node or the bundle of His Al-
though 1t has recently been shown that this delayed conduction may disap
pear on full doses of atropme indrcating that 1t 1s vagal 1 ongn, 1t 15
difficult to believe that such observattons mean that the heart muscle has
not been involved Minor evidence of this disturbance mn conduction which
does not produce an actual blocking of beats, may be detected by the use
of the polygraph or the electrocardiograph Here 1t 1s found that the ume
1t takes an 1mpulse to go from auricle to ventricle 15 merely delayed, al-
though the beats all reach the ventnicle The normal conduction time for
umpulses to go from auncles to ventricles 1s less than one fifth of a second
It 15 considered delayed 1f this upper lumit 1s exceeded The heart will then
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be perfectly regular and 1t might be impossible by bedside examunation to
discover thus disorder Occastonally one may suspect 1t on detecung a
gallop rhythm on auscultation, or on observing that the first heart sound
1s weak or fanter than 1t was formerly If careful studies are made of the
heart during the acute infection, changes 1n conduction are found to be
quite common, and they are one of the best proofs that the heart muscle 1s
bewmg nyolved, at least temporarily Fortunately, recovery from such dam-
age 15 very likely to be complete since, when the infection has passed, the
conduction disturbances tend to disappear Even i the rare istances,
when some permanent defect remains as evidenced by the continued pres-
ence of a delay 1n the conduction time (P-R terval), the efficiency of the
circulation may be perfectly normal

Electracardiographic Changes

There are other changes of a qualitative nature, as shown by the electro-
cardiogram made during the acute process, that are fairly charactenistc and
that also indrcate that the heart 1s being affected by the disease ‘The changes
to be sgught for are evidence of auriculoventricular heart block or abnor-
malities 1n the configuration of or lengthening of the QRST complex This
means of diagnosis 15 a more speciahzed one and can only be utihzed by
those chinscians who are carrying on electrocardiographuc work Suffice 1t
for the present to bear this possibility 1n mind, for occasionally such changes
m the form of the ventricular complex (see Chap 21, F1g 171) may be
helpful from a diagnostic pomnt of view, and may a1d 1n determunming whether
or not a certain vague infection 15 rheumatic m ongin In fact, there wll
be mstances 1 which the electrocardiographic changes will be the only
evidence that the 1llness 1s of rtheumatic ongin A girl of 13 who complamed
of listlessness, nausea and vomting was seen by her physian He found
a shight fever (100 I'), shght tenderness 1n the right lower quadrant and
a leukocytosis of 14,000 The child was sent to the surgical service to be
operated on for acute appendicitis A few hours after admussion the tem-
perature was only 99 F, and the white blood count was 12,000 The sur-
geon noted a famnt abnormal sound over the precordum There was very
Little evidence of any abnormal condition 1n the abdomen, but the electro-
cardiogram showed a P-R interval of 0 30 second It seemed to me that
the child had an atypical form of rheumatic fever of the abdommal type
with 2 mild acute myocardins, without any rheumanic pans On rest 1n bed
and salicylate therapy the patient recovered and the P-R interval returned
to normal (see Chap 21, Fig 111) When the abdomunal pain and tender-
ness are more marked than 1 this case, an unnecessary appendectomy 1s
likely to be performed

Enlargement of the Heart

In the attempt to determune whether or not the heart has become affected
during an acute rheumatc infection, the question of hypertrophy, or dilata
tion, of the heart 1s 2 matter of considerable importance Although dunng
the acute stages 1t cannot be said that a heart that 15 normal in size 1s not
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diseased, 1t may be safely accepted that if the size of the heart increases or
15 greater than normal, 1t 1s diseased In fact, we may make the generaliza-
tion that enlargement of the heart 15 always a definite sign of disease of that
organ There are important exceptions 10 this general rule Appreciable
dilatation without hypertrophy occurs with severe anemua, especially m
children This will naturally increase the percussion outlnes and the x ray
silhouette of the heart Such dilatation of the heart disappears completely
when the blood returns to normal Dilatation without increase in weght
of the heart 1s also found occastonally 1 acute tovic states, particularly
when the heart muscle 1s affected It 15, therefore, 1mportant to try to esti-
mate the presence or absence of hypertrophy or dilataion Ordmanily this
1s done by percussion and palpation When 1t 15 possible to feel the apex
impulse quite distinctly beyond the nipple line 1t 15 fair to assume that the
heart 15 enlarged Frequently onie 1s 1n doubt as a result of bedside exarmuna-
tion whether the heart 1s enlarged or not, and further information 1 this
regard may be obtamed with the aid of the x-ray and the electrocardiogram

The electrocardiograms may give mdurect evidence of preponderant hyper-
trophy of one ventricle over another and occasionally may throw hight on
whether the auricles are dilated or hypertrophied Precordial electrocardio-
graphy 15 often more helpful in detecting hypertrophy of one or the other
ventricle than the <-ray Thus type of data needs to be werghed most care-
fully, for there are numerous difficulties 1 1nterpretation If 1t 1s decided
by one means or another that the heart has become enlarged durmg the
acute process, we must conclude that the heart has been affected

Other Evid of Acute Rt Cardatis

While following any particular patient during an acute rheumatic attack,
1f enlargement of the heart has not been noted if a systohc murmur 1s
erther absent or only shight and there are no obvious evidences of circulatory
isufficiency, what other features are to be watched for? The development
of a perscardral friction rub, which may appear any time during the acute
1llness, will, of course, be defimte evid of cardiac 2 Not
only wall the detection of a typical to and fro pericardial friction sound
be proof of an acute pericarditis, but 1t may be assumed that 1n most such
cases the heart muscle 1s also affected Another condition that can develop
during the acute process of the disease 15 an aortic diastolic murmur heard
m the aortic area and berter sull in the third left interspace near the ster-
num This aortic diastole murmur may be entirely absent on one day,
appear as a fant blow a few days later and then be quite defimite within a
week or so When 1t appears 1t persists and 15 definitely indicative of an
aortic regurgitation for it only rarely disappears A diastolic murmur of
mitral origin 15 not to be expected to develop at this time, 1if we assume that
the patient 1s now suffering from the first. attack of rheumatsm It takes
months or years for contraction and constriction of a valve to occur, for
this 15 2 chronuc scar tissue process, whereas an insufficiency or regurgita
non of a valve may take place within a few days To produce the latter 1t
15 only necessary for the valves to become shightly retracted or distorted
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by wnflammatory reaction resulung mn a shght mcompetency That same
incompetent valve years later may contract as a result of scar tissue forma-
tion and then be stenosed The important pont 1s that in the acute mafection
we may look for msufficiency of valves, but 1f evidence of sténosis 1s de~
tected, 1t 18 likely that the valve was previously 1njured and that we are pot
witnessing the first rheumatic infection but a recurrence

Occeasionally m children, duning acute rheumauc carditis, a famt, short
diastohic murmur may be heard at the apex resembling the murmur heard
10 mutral stenosts Such murmurs must be mterpreted cautiously for they
mav be due to dilatation of the heart or to some other mechanism and not
to mitral stenosis, and they may disappear entirely They are not apt to
have the same rumbling quality that 1s found 1n older patients with mutral
stenosis In fact, errors of this type n the interpretation of the apreal dias
tohic murmur as a sign of mutral stenosis are very rare in adults although
not uncommon 1 chuldren

The main pathologic evidence of acute or acuve theumatic carditis 15 the
finding of Aschoff nodules i the myocardam  Such lesions are common
1 fatal cases of rtheumatic fever m cluldren However, they are by no means
rare 1 patients dying of valvular disease over 40 years of age They are
occasionally found in older cardiac panients without valvular disease, and
even 1n patients who gave no chinical evidence of rtheumanc fever or heart
disability and died of some noncardiac canse

MITRAL INSUFFICIENCY

Let us assume that the patient did not develop any of the defimte signs
of heart involvement during the acute stage of the iliness and that 1f there
were munor changes, such as a delayed conduction tne or a shight change
1n the form of elect 1 they were 'y We assume that the
patent had been 1n bed for some months with a smoldering fever, a rapid
heart rate and vague fleeung pams 1n the limbs, and finally all these symp~
toms subsided Let us also assume that he was left with a systolic murmur
of moderate intensity heard best at the apex and that when he recovered
he was symptom free In the course of ime he returned to his ordinary
activities either at school or at work and felt quite well As we observe this
patent during the followng years, let us trace what possible changes may
take place He mav remain well, never have a return of theumatic fever and
always show a systolic musrmur on examination Such a patent would either
be demed Iife msurance an hus later years, or be considered an increased
risk and recerve 2 lugh ratng in Jus nsurance examuation Occasionally,
the systolic murmur may gradually dummsh mn 1ntensity Rarely, 1t may
disappear entirely He may, therefore, five out bus [1fe a5 a normal mdwidual
and never be embarrassed by his heart This, I thunk, 15 the exception,
unless with recovery no murmurs whatever remamed

In a far number of patients 1n whom all the findings on exammation,
mcluding the systohic murmur, were considered bemgn, some years fater,
usually a decade or two, subacute bactenal endocarditis swill develop The
remainder, cither as a result of recurrent bouts of rhenmatism and reinfec-
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tions of the heart, or possibly because of the inherent nature of the onginal
mnfection with 1ts subsequent chronic progresston and contraction without
any recogmuzed remfection, will develop signs of mutral stenosts or aortic
stenoss at some future ime

When this same patient whose progress we are following does not develop
mutral stenosis but persists 1n manifesting 2 moderately loud systolic mur-
mur while well and ambulatory, he may be considered as having orgamc
mutral ffi This 15 especially true if there 1s pulsation or di-
latation of the left auricle or general cardiac hypertrophy It has been
marntamed by certamn authors that orgamic mutral insufficiency does not
ewst or 1s extremely rare, and that 1 cases m which such dragnoses are
made there 1s either no disease of the mtral valve or there 1s mutral stenosis
This pont of view was a reaction agamst the previously prevalng belief
that every patient with a systohic murmur had mitral mnsufficiency We now
krtow that 1n many such cases there 15 no structural disease of the matral
valve They were often instances of nervous or hyperdynamic hearts with
a bemgn systolic murmur or cases of myocardsal failure of the degenerative
type with a relate mytral msufficiency but with no endocarditis Another
group of pattents at postmortem exanunation showed mutral stenosis The
conclusion was drawn especially from postmortem data that organtc mutral
msufficiency did not exist without stenosts The difficulty with this pont
of view 1s that we cannot deny the presence of a disease which 1s generally
nonfatal by the use of autopsy data It would be just as fallacious to mam-
tamn that acute tonsilltis and chickenpox are extremely rare because one
almost never finds cases atautopsy  So 1t 15 with organie mutral msufficrency
This condition generally develops into mutral stenosss, which eventually 15
fatal, although for many years only an mncompetency of the valve 1s present
As long as 1t 1s only a regurgitation, the patient 1s apt to be 1 good health
Even thts 1s not invariably so for some patients die from heart farllure show-
1ng a markedly dilated heart and mutral insufficiency without stenosis Only
occastonally have we an opportunity of examining the valve before stenosis
develops, € g , 1f subacute bacterial endocarditis becomes supertmposed on
mutral msufficiency Then we see that the past history of rheumatism and
the moderately loud systolic murmur ndicated a true rheumatc mutral
endocarditss, producing a regurgitation but no stenosss of the valve, for
the pathologic examination will show both the old rheumatrc and the recent
bacterial lestons Furthermore, durmg hfe many cases of mitral msufficiency
without stenosis show a defimite systolic expansile pulsation of the left
auricle on fluoroscopic examunation, which finding affords further evidence
of regurgitation through the mutral valve The conclusion from the fore
gomng 15 that, although the diagnosts of orgamic mutral insufficiency should
be made with caution, 1t 15 a condinon that actually exusts, especially mn
young rheumatc individuals

MITRAL STENOSIS

Let us now discuss the development of the signs of mutral stenosis
How soon the changes to be described will occur 15 a variable matrer
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Upon rare occasions they begm within one year, although generally many
years elapse between the onginal infection and the development of defimte
evidence of mitral stenosts Duning these years, the symptoms may be
none or few, such as shight dyspnea and palpitation If we examune the
patient from year to year, Lttle change may be detected untl finally, as
the first indication that the mutral valve 1s becoming stenosed, we com-
mence to detect a snapping quality or accentuation of the first heart sound
as heard at the apex During these same years the pulmonary second sound
may have become somewhat accentuated and reduplicated As an aid 1
dragnoss, I have found the quality of the pulmonary second sound of
distinctly less value than the quality of the first sound In other words,
an accentuation of the first sound 1s frequently the first suspicious evidence
of early mutral stenosss Thus, however, 1s not sufficient to enable one to
make a defimite diagnosss, for there are other conditions m whach 1t occurs,
such as hyperthyroidism, a short P-R interval, anemia, cardiac neurosts
and some cases of hypertension
When this spapping quality of the first heart sound 1s heard, 1t 15 well
to Iisten carefully to the heart i order to hear the early development of
presystolic or mud dastolic murmurs At this time no murmur whatever
may be heard during diastole on ordinary examuatton, but 1f one listens
directly after a brie® effort or with the patient n the left lateral position,
m some cases a presystolic murmur may thereby become audible which
otherwise mught be entirely overlooked I have frequently brought out this
very important physical sign which made a defintte dragnosss of mutral
stenosis possible when, under the ordinary exammation, 1t was entrely
maudible Ths typical rumble which 1s quite pathognomomic of mutral
stenosis may also be uncovered by the use of the amyl mtrite test Here the
patient mhales amvl mtrite for a few seconds and one auscults carefully
durnng the acceleration of the heart that follows the inhalation In practice,
1t 1s sufficient to listen at the apex with the patient in the left lateral position
or directly after a brief period of exercise, e g, twenty-five hops Whether
a diastohic or presystolic murmur 1s heard or not, frequently a short sharp
sound may be audible in early daastole at the apex This s called the open
ng snap and 1s strongly suggestive of mutral stenosis In many cases 1t 15
also followed by a rumbling murmur, but at times the latter only becomes
clear months or years later When the presystolic or rud diastoltc murmur
15 heard, no matter how 1t 15 brought out, and the first sound 1s snapping
1 quality, the patient may be considered to have mutral stenoss Just as 1s
true of most useful rules 1 medicine there are always exceptions I recall
exammng a boy 12 years old 1n 1939 who showed 2 defimte mid-diastolic
murmur When he was placed 1z the left lateral position a clear presystolic
murmur became audible In addition there was an apical grade II systolic
murmur 1 beheved he had definste mtral stenosis Seven years later when
1 exammed this boy quite carefully I could hear no murmurs whatever,
even 1n the left lateral positon, and was of the impression that he had no

yalvular lesion
At some later time 1t wall be found that the same md diastolic or pre~
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systolic murmur wilk be audible even with the patient at rest or lymg recum-
bent It will be much better heard with the patient 1n the recumbent than
1 the upnght posiion Furthermore, the murmur may be quite sharply
localized over a very small area m the region of the apex As years go on
and the degree of stenosts of the mitral valve increases, the presystolic or
late diastolic murmur lengthens so that the time s reached when almost
the entire diastolic pause 1s filled wath the murmur The early portion of
this long rumbling murmur may have a dimmuendo quabty and the latter
part a crescendo element, termmating 1n the accentuated first sound
At this ime we are not considering the development of generalized cir-
culatory failure, which may come at any tme during the patient’s progress,
but which generally does not occur until the mutral stenosis 1s well advanced
In the meanume the heart has been essentially regular mn its rhythm,
although there may have occurred occastonal extrasystoles either of ven-
tricular or auncular ongn The domunant rhythm, however, 1s Likely fo
have been regular Some time durmng the hife of this patient who has already
developed mutral stenosis auricular fibrillation 15 apt to develop This
complication 15 very rare during the first decade, becomes more frequent
the next decade and 1s most common about the ages of 35 or 40 Whereas
the heart during all these previous years was regular, the beat now becomes
tumultuous and grossly irregular This change 1s sudden when 1t occurs, so
that on one day a normal slow heart rhythm may have been present and
on the following day 1t may be found to be very rapid and absolutely 1rregu
lar Not infrequently thus auricular fibrillation 1s transient and recurs i
1he form of attacks Each attack may Jast several hours and then disappear
the heart returning to 1ts slow regular rate Some weeks, months or years
later the same phenomenon may be repeated Duning the attack, the patrent
may suffer with a good deal of palpitation, dyspnea and general nervous
agitation If the state of the reserve strength of the circulation 1s not great
before the attack the climical condition of the patient may become quute
serious Edema of the lungs, cyanosis and orthopnea may develop When
an attack of auricular fibrillauon with 2 rapid ventricular rate produces no
evidence of cardrac failure, 1t denotes a sausfactory state of myocardial
reserve After a vaniable number of transitory attacks of auricular fibrilla~
tion the condition 1s apt to become permanent In fact, 1n most cases, once
the heart becomes grossly 1rregular, 1t remains so indefinitely
Tt 15 most important to be able 1o recogmuze this type of nregulanty, first

because 1t 15 extremely common, and second because much n the way of
treatment can be done for it Furthermore, a proper understanding of thss
phenomenon aids greatly in comprehiending the changes that take place
when 1t occurs as evidenced 1n the physical examination of the heart When
aunicular fibnllation develops the auricles cease contracting, remain dis-
tended in diastole and show fine fibnllary twitchings throughout the mus-
culature The ventricles on the other hand begn fo contract rapdly and
veryirregularly In aunicular fibrillation, there 1s an extremely large number
of impulses traversing the auncles The number 1s 1n the vicinity of four
hundred or more Only a small proportion of these impulses succeed 1n
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reaching the ventricles, the remander bemg blocked at the junctional tissue
In other words, the conduction apparatus between the auricles and ven~
tricles (the auniculoventricular node and bundle of Hs) 15 unable to trans-
nut such a large number of irregular 1mpulses from the auricles and only
a thurd or so get through The result 1s that the ventricles contract irregu-
larly at the rate of about one hundred and tw enty to one hundred and fifty
These contractions are grossly irregular The pulse 1s also irregular, both
1n time and 1n force, and there 1s very apt to be an appreciable pulse deficit,
1€, the pulse rate as counted at the wrist will be distinctly less than the
heart rate at the apex
It 15 not difficult to recogmze thus condition on bedside examunation,
using only the apparatus that we carry with us 1n general practice at all
umes A rather stmple and farly sausfactory rule of thumb may be de-
scribed as follows Given a patient who obviously has heart disease, who
shows a heart rate as counted at the apex of over 100 and has a pulse rare
that 1s distinctly less (a pulse deficit of 10 or more), if the rhythm appears
to be grossly irregular the condition 1s auricular fibrillation nine times out
of ten There are rare exceptions m which thus rule would not apply One
would feel even more certam of the diagnosis of this arrhythmua under the
above circumstances 1f 1t were known that the patuent had rutral stenosts
and a history of rheumatic fever The triad of rheumanc fever, mutral
stenosts and auncular fibrsllation 1s so frequently found 1n the same indi-
vidual that as a practical matter, knowing that two exst, the third should
be suspected and be sought for
There 1s one final point which may be helpful in detecung auricular

fibrillation at bedside examunation when there stll remains some doubt
1 the diagnosis Occasionally, numerous extrasystoles conung quite irregu
larly or from different foc1 of the heart may produce such a tumultuous
thythm, even with an appreciable pulse deficit, that 1t would be difficult
to distngmsh 1t from auncular fibrillanon One important distinction
berween the two conditions, however, wiil be noted on auscultauon In
both conditions quick beats and long pauses seem to be coming irregularly,
resulting 1n sudden acceleration and sudden retardation of the heart beat
When the condition 15 due to extrasystoles, every time there 1s a long
pause, 1L 1s 2 P )i and therefore follows a previous
quick beat The same succession of long pauses after quick beats also
obtams i auricular fibrilaton The pb that disunguishes the
two, however, 1s the appearance of a long pause that 1s nof preceded by a
quick beat, for thts eccurs only m auricular fibrillanon and not with extra
systoles In other words, 1t 1s 1mportant to auscult carefully over the apex
of the heart for a sufficient time to detect a sudden lengthening of the heart
cycle and to recall whether the previous cycle was a short one or a long
one If a cycle of average length or one of longer duration 1s followed by
a long pause, the condtion 1s due to aunicular fibrillation Furthermore,
the qualiry and ntensity of the first heart sound vary much less with cycles
of dufferent length than 15 the case when the irregulanty 1s due to extra-
systoles In addition to the foregong observations, whenever 1t 15 possible
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1o do 50 an exercise test may help n dxagnos:s When the rate accelerates
1n this manner, ppear and the 1regulanty of
auricular fibnllationt bcoomcs morc promunent

Apart from the bedside method of diagnoss, auncular fibnllation 15
easily diagnosed by the use of graphic measures, such as the polygraph or
the electrocardiograph After a mechanical registrauion of the venous pulse
1s made one obtains certain waves, t®o of which are primanly the result
of the contraction of the right auncle and the left ventricle, respectively
"The contraction of the night auncle sends an mmpulse upward through the
vena cava and produces a shght wave 1 the jugular ven The contracuon
of the left ventricle sends an impulse upward through the aorta and pro-
duces a wave mn the carotd artery The first 1s called the a wave and the
second, the ¢ wave When auricular fibrillation 1s present, the auricles are
ne longcr contracuag, and, therefore, the a wave disappears Likewse, i
the elect the ¢ of auricular coptraction (the P
wave) disappears Inits place there may be found numerous fibrillary waves
(f waves)runmngmore or less throughout the heart cycle These small waves
represent the numerous fibnllary twitchings that are going on 1n the aurscles
1n patients with this condition In Chapter 21 these matters are taken up
1n greater detail At this point, 1t may be stated that whereas cardiography
gives the final proof of the diagnosis of aunicular fibnilaton, 1t 15 possible
1n the vast majority of cases to make accurate diagnoses by the use of stmple
bedside methods

Let us now constder the effect of aunicular fibnilation on the physical
sigas 1n 2 patient who has mutral stenosis Before domg so 1t 1s necessary
to review briefly the process involving the flow of blood from auricles to
ventricles As the ventricle begins to relax and dilate n diastole after the
previous systole blood flows from the left auncle 1mnro the left ventncle
merely as a result of differences 1n pressure and gravity The pressure 1n
the ventricle starts from zero at a ume when the left auncle has already
recerved considerable blood from the lungs and has developed some pres-
sure In fact, normally about seven ewghts of the blood flows from the left
auricle to the left ventricle through the mutral valve by this mechamsm
Only the last bt of blood 1s propelled by the contraction of the auncle
which gives the ventricle 1ts final stretching just before 1t contracts It fol-
lows that the early and muddle portions of the diastolic murmur of mitral
stenosss are produced independently of auncular contraction and 1t has
been proved convincingly that only the presystohc portion s produced by
auncular systole Now, if auncular fibrillation develops 1n the patient we
are considening, whe had a murmur practically filling diastole, that poruon
of the murmur due to auncular systole will disappear because 1n auricular
fibnllation the auricles cease contracting In actual practice thus 15 just what
happens

If, therefore, v e examme the pattent on one day when the heart 1s regular
and find 2 murmur completely filling diastole we should obsetve on the
following day, 1f auricular fibrllation 15 present that the presystolic interyal
1s now clear and that the murmur extends only through the first portion of
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the diastole It may be difficult or impossible during the early days after
this change has occurted to appreciate the actual disappearance of the pre-
systohic murmur This 13 so because the heart rate 15 still raprd When the
rate 1s rapid, the diastolic pauses are short and they do not permut the silent
portion of the diastolic mterval to appear Each first heart sound comes so
soon after the previous second sound that, although the eatly portion of
the drastolic murrnur alone 15 present, 1t actually extends throughout the
short diastole and gives one the impression that the presystolic murmur 1s
stll present If, however, one listens carefully when the heart rate 1s slower,
one finds that the diastolic murmur has remaned unchanged When the
pauses are long enough and the following first heart sounds are sufficiently
removed from the previous cycle, nothung whatever wall be heard in pre-
systole, 1 ¢, the presystolic murmur has disappeared with the development
of auricular fibrillanon This discussion may seem complicated, but 1t 15
of some importance and deserves emphasis The presystolic murmur by
defimition has 1ts constant relationship with the following first heart sound,
no matter how long the diastolic pause may be If mutral stenosis exists and
there 15 a normal mechanusm, toward the end of the diastolic pause a rumble
will often be heard The earlier and mrd-drastolic portion of the murmur
of mutral stenosis 1s not due to auricular systole and has 1ts constant rela-
tonshup with the previous second heart sound It 1s that poruon alone that
persists when auricular fibrillation 15 present
It 1s posstble for aunicular fibrillation to develop 1 a patent with mutral
stenosts at any time, even v hen only the presystolic murmur had previously
been present The degree of stenosis may not be sufficient or the dynamucs
may be such that the velocity of the flow of blood from left auricle to left
ventricle 15 too slow to produce a rumble One can readily see that if this
occurred we mught lose the only murmur 1 drastole that existed The pre-
systohic murmur would disappear entirely because the auricles were no
longer contracting and there was no other murmur 1n drastole I have seen
such cases 1 which the diagnoses were properly made and proved to be
correct at postmortem exammnation ‘These, of course, are rare expertences
In one case, the patient was still thought to haye mutral stenosis despite the
absence of any murmur 1n diastole because on x-ray examunation the left
auricle was unusually promunent and the electrocardiograms showed nght
ventricular preponderance These addinonal aids i the dragnosis of mutral
stenosts will be taken up in greater detail below In general, there are two
types of cases of mtral stenosis when a murmur in diastole may be very
faint or entirely audible In the first type the stenosss 1s very shght and
the state of the circulation very efficient In the second type the stenosis is
‘moderate or marked, but the degree of heart failure 15 considerable The
preceding discussion and particularly the expenence just cited sufficiently
emphasize the importance of the relation betw een auricular fibrillation and
the murmurs of mutral stenosis
1 have pad considerable attention to auscultatory findings in mutral

stenosts becanse I regard them to be of prumary 1mportance One may

gan the mmpression that a great deal of overemphasis 15 being attached
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to the value of the stethoscope m this whole matter To be sure, one obtains
the most satisfactory apprassal of the degree of cardiac embarrassment from
a brief inspection of the patient The history of the symptoms of circulatory
snsuffictency, the degree of dyspnea, the distention of the cervical veins
and the amount of passive congestion m the body give one much more
important information concerning the state of the circulauon than the
determunation of the presence or absence of a diastolic murmur However,
1n the vast majority of cases the final decision as to whether the patient has
or has not mutral stenosts will depend upon auscultation Symptoms and
peripheral signs of congestion tell us whether or not a patent has heart
farlure but auscultation tells us whether or not there 1s valvular disease
Patients have valvular disease for many years before and for a longer time
than they have heart fatlure In fact, during the early years before cardiac
msufficiency develops, without most careful auscultation 1t will frequently
be impossible to tell whether the patient has organc heart disease or no
heart disease

There are other cnitena that are useful m the diagnosis of mitral stenosts
The finding of a definite thrll 1n the apex region that 1s diastolic 1n time
1s quite reliable evidence of the diagnosis of nutral stenosts When the heart
rate 1s not rapid, the proper umng of this thnll 1s not difficult When the
rate 15 100 or over, 1t 1s almost impossible to disingsh the thrill that
occurs 1n diastole from the vibraton that 1s produced 1n a hyperactive
heart Such vibrations which are really systolic in tme may be felt i
patients with hyperthyroidism, 1n those who are 1n the acute stages of
rheumatic mfectron and 1n those with certamn nervous states I have fre-
quently observed instances m which such vibrations were misinterpreted
and considered to be diastoltc thrills with the result that mistaken dragnoses
of mutral stenosts were made It has been my general experience that when
the detection of the diastolic thrill could be made with certainty, ausculta-
non would eastly confirm the dtagnosts, whereas i many cases i which
the dragnosis of mutral stenosts was quite certam, thrills were entirely
absent The finding of the diastolic thrill, however, may have greater
importance when there 35 a combined lesion of the mutral and aortic
valves

When hypertension 1s absent the volume of the pulse 1n mutral stenosis
1s customarly small (pulsus parvus) Cyanosss of the lips, checks and other
portions of the face 15 common 1n nutral stenosis Even when actual cyanosis
15 not present such patients are apt to have a rather flond countenance
Thus 15 1n contrast to the pallor that typrfies aortic disease Mitral stenosis
1s also more common 1n the female than n the male Another feature that
characterizes mtral stenosis i contrast to disease of the aortic valve 1s 1ts
chronicity  Patients wiath miral stenosts may continue to show cardiac
falure over a great many years with Tepeated mtervals of 1mprovement
It 15 possible for such a patient to have congestive heart failure and be
alive and 1n fair comfort five 1o ten years later This does not occur with
anything like the same frequency 1 aortec cases, for here the Life expectancy
15 very short once decompensation develops Hoarseness from pressure on
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the left mam bronchus and dysphagia from pressure on the esophagus may
result from enlargement of the left auncle Rarely aphonia and paralysis
of the left vocal cord occur from pressure of the dilated pulmonary artery
on the recurrent laryngeal nerve Pulmonary infarctions occur 1n mtral
stenosts because of a tendency for the formation of mural thrombi within
the cavities of the auricles, particularly 1n the auncular appendages when
auncular fibrllation 15 present From these thromb1, which may remam
silent for many years, emboli may be dislodged and if they come from the
right auricle they produce infarction of the lung, whle if they come from
the left aunicle they produce peripheral embolt 1n the greater circulation
with resultant hemuplegia, or other embolic complications Pul y 1n-
farction 1s by no means always due to carchac emboly, for 1t 15 a common
finding 1n chronic congestion of the lungs no matter what the cause may
be, and can result from local thrombosts of the pulmonary vessels or from
thrombosis of the vemns of the pelvis or leg Hemoptysts 1s also common m
mutral stenosis apart from 1ts occurrence as a result of pulmonary mfarction
Such hemoptysis may be quite brisk, the patient raising a mouthful or more
than a cupful of bnght red blood This may bring to one s mind the poss:-
bility of pulmonary tuberculosis or bronchogenic carcinoma, both of which
conditions need to be searched for in doubtful cases It1s striking how clear
the lungs may be shortly after an attack of hemoptysis 1n mitral stenosis, as
if the bleeding resulted from a rupture of a small dilated vessel and did not
reflect a tugh degree of generalized passive congestion In some ways the
hemoptysis resembles nosebleeds that occur in rheumanc mdividuals

Considerable light has been thrown on thus type of hemoptysis by Dock
It has been found by injection experiments that the bronchral vemns can be
enormously dilated 1n cases of mitral stenosts, whereas normally they are
very small and difficult to visualize They resemble rmumature varces
simular to those found in the esophagus in cases of currhosts of the Liver
This mechamusm does not apply to the cases 1n which bloody sputum 1s
rassed as a result of pulmonary mfarction or i those 1 which there 1s acute
pulmonary edema In the former the sputum 1s blood stamed or contams
blood clots and 1n the latter pink, forthy sputum appears, while 1n the con-
dition now being considered there 15 considerable pure blood 1n the absence
of much obvious pulmonary congestion

X-ray and Electrocardiography
There are umes when the diagnosss of mutral stenosss 1s doubtful, even
after the most careful bedside exammation There remam two means at
our disposal which may further ard 1 this regard, 1€, ¥ ray and electro-
cardiography As a result of stenosts of the mutral valve, the pressure mn the
left auncle mcreases and this chamber dilates Tlhis dilatation may be
apparent on an X ray film of the heart exposed m the ordmary manner A
bulge may be seen 1 the left upper border just below the pulmonary artery
Somtetumes 1t 1s quite promunent Occasionally 1t 1s difficult to distingmsh
this, except by fluoroscopic examunation, from the diatatron of the pul-
monary artery that occurs with patent ductus arteriosus or other conditions
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Furthermore, the left auricle may extend with undue promunence poste-
notly and bulge imnto the posterior mediastinal space On rare occastons the
left auricle wall be so dilated that 1t will actually extend across the nudline
and form the night upper border of the heart The large left auricle may
produce a defimte angulation of the esophagus and push 1t to the nght
This can be observed on fluoroscopic orona g
taken while 2 barium meal 1s being swallowed Even the left primary bron-
chus may be seen on X-ray examnation to be raised upward or constricted
by a dilated left aunicle These observations may sometimes be extremely
helpful 1n distinguishing mutral stenosts from congemtal heart disease
Frnally with improved x ray technic, 1t has been possible to see calaifica-
ton of the nutral valve on fl and less frequently on
the flat x ray plate When tius 1s properly done 1t always means mutral
stenosts and 1t can be distingwshed from calafication of the annulus
fibrosus which usually causes no disturbance 1n the function of the heart
and 15 an ummportant finding Rytand has called attention to an auscula-~
tory sign that mught lead one to suspect the presence of a calaified mutral
annulus It consists of detecting a short apical diastolic murmur 1 elderly
patrents with or without a systolic murmur who also have heart block The
sound 1s due to auricular acuvity The detection of calafication of valves
has already proved of great aid i d pecially when bined
lesions are present

The eléctrocardiogram occasionally gives helpfil mdirect evidence of
mutral stenosts As a result of hy pertrophy and dilatation of the auricles in
this condstion, the aurrcular complex (P wave) may develop a peculiar form,
become unduly large prominent, notched and have a flat top (see Chap
21, Figs 128 129) When these changes are marked they are almost mva-
riably indicative of mutral stenosis A further change that results from
mitral stenosts 1s hypertrophy of the night ventricle The pulmonary pres-
sure 15 increased and with 1t a compensatory hypertrophy and dilatation of
the night ventricle take place I h as the elects d. givesome
measure of preponderant hypertrophy of one ventricle over another 1n
mutral stenosts they may show certan alterations from the normal These
changes constst of prominent downward deflection of the 1utial ventricular
complex 1n Lead I and a promment upward deflection m Lead III In
additron there are changes in the precordial leads that are even more valu-
able m detecting hypertrophy of either ventricle Such curves however,
must be interpreted with great caunon for not mfrequently they may be
obtamed m subjects with emphysema or 1 patients with certam forms of
congemtal heart disease Electrocardiography in general has not been very
valuable as an aid 1n valvular diagnosss, but occasionally thus evidence
coupled with other data which of themselves mght not have been suffi
cient enables one to make a proper diagnosis

Common Stgns of Heart Failure

Throughout this discussion nothing has been said about the common
signs of heart failure that may be found ir a patient with mutral stenosts,



42 CLINICAL HEART DISEASE

such as engorged liver and cervical veins, generalized edema or enlargement
of the heart These are not parncularly charactenstic of mutral stenosis
although 1t must be stated that enlargement of the heart 1n mutral stenosss
15 MOre apt to be transverse, especially to the right, than 1t 1s 1n other forms
of heart disease The signs of heart failure associated with mutral stenosis
will be taken up in detal when discussing the problem of general cardiac
falure

Little has been said about the presence of a systohc murmur at the apex
1 mutral stenosss Thus, of course, 15 2 very common finding but does not
indicate that the mutral valve 1s stenosed It means that there 1s a concom-
stant nutral insufficiency or 1t has the questionable sigmficance that accom-
panies systolic murmurs in general It has been generally taught that mutral
stenosts 15 almost always associated with miutral msufficiency Whether or
not regurgitation of blood actually takes place in many of these cases 1s
difficult to ascertain The only physical evidence of this would be the pres-
ence of an apical systohic murmur Now, 1t 15 not sufficiently appreciated
that, in a large number of cases of clear cut mutral stenosis, no systohic mur-
mur whatever can be heard The same may be said of stenosis of the aortic
valve I am of the opinion that nutral stenosis without any insufficiency 1s
very common, and that 1t often develops 1 patients who previously never
had a systolic murnmur

It also must be understood that mutral stenosis 1s not always the sole
valvular lesion of the heart There may be additional involvement of the
aortic or more rarely of the tricuspid valve The diagnosis of combined
lesions 1s no simple matter, but 1n so far as it can be determuned, 1t will
depend upon the proper utilizatton of the critena for each individual lesion
with some regard for the effect of one upon the other

Mutral Stenosis and Blood Pressure
This discusston would not be complete without some mention of the
relation between mutral stenosis and the blood pressure The old term
pulsus parvus  reflects the general impression that the pulse 1s small and
the blood pressure 1s low 1n thus condition In a study of almost 800 cases
of mutral stenosts, 1t was found that when the disease was present 1 young
people, the blood pressure tended to be lower than that of the average
populauon of that age group However, 1 pattents wath mtral stenosis
who were 1n the higher decades of hife the average blood pressure 1ncreased
decidedly unul 1t reached 180 systolhic and 95 diastohc for panents 60 to
69 years of age Ths I feel cannot be an accidental finding, for certanly
no group of patents suffering from some unrelated condition, such as
cancer of the breast or ulcer of the stomach, has hypertension as a general
rule It 1s hard to beheve that mtral stenosis itself accounts for the hyper-
tension for when present 1n young persons, the pressure 1s even lower than
normal Yet how are we to explam the frequent assoctation of mutral stenosis

and hypertension®
One may at the outset mamtain that the mitral stenosis 1 these older
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hypertense patients 1s not rheumatic 1n ongin and that 1t 1s due to sclerotic
changes 1n the mutral ning simular to the penpheral artenal sclerosis with
which the hypertension 1s associated One rmght object to the accuracy of
the diagnosis of mutral stenosts 1n these elderly hypertensive persons on
the ground that the presystolic gallop rhythm whuch 1s common i hyper-
tenston mght be mustaken for the presystolic murmur of mutral stenosis
In answer to the latter 1t may be said that the diagnoss 1n a sufficient num-
ber of these elderly patients has been confirmed at autopsy As far as the
former crittersm 1s concerned, apart from the general view that I hase
expressed before, m which 1t was stated that mutral stenosts 1s probably
due to no other cause than rheumatism, 1t was found that 50 per cent of
these hypertensive patients had a past history of rheumanc fever or chorea,
which percentage corresponds fairly closely to that of a rheumatic history
1n any group of patients having nutral stenosts Inasmuch as mitral stenosts
per se does not produce hypertension, 1t 15 possible that the underlying
chromc rheumatic infection insidiously produces arterial changes that
terminate tn hypertension Another possibility 1s that a long standing
disease process in the heart by some reflex mechamsm can tnitiate hyper-
tenston Furthermore, the great frequency of hypertension 1n the older
patents with mutral stenosis may be due to the fact that the elevation of
the blood pressure enabled them to survive and reach the later decades of
life A more likely explanation 1t seems 1s that mutral stenosis and hyper-
tension are commenly associated because the underlying rheumatic infec-
tton has a predilection for patients who have a vascular vulnerability The
disease has a tendency to select certamn types of people and thus so-called
vascular type 1s valnerable both to the infectious and to the degencrative
form of heart di ease The frequent association of rheumatic heart disease
and angipa pectoris 1n the same famuly 1s additional evidence m favor of
this conception
There 1s also some clinscal and statistical evidence to indicate that the
hypertension developing in patients with mutral stenosis need not produce
any deletenious effect, but on the contrary may be actually helpful Al-
though 1t may add certain symptoms as a result of the hypertension 1tself,
when these are not severe, there 1s reason to beheve that 1t delays the
progress of mutral stenosis It 1s very curious that so many pattents with
mmtral stenoss over 50 years of age have hypertension in addition I beheve
that the hypertension prolongs their lives and enables them to reach the
later decades, for the great majority of patients with matral stenosts without
hypertension die before they reach the age of 50 One may explam the bene-
fical effect of hypertension by supposing that as a result the cavity of the
left ventricle tends to remam large and somewhat dilated and that this
dilatation tends to counteract or delay the antagomistic progresstve con-
traction that 1s going on n the mutral ring as a result of the rheumatic mitral
steniosts Another possible factor 1s that mutral stenosss 1s a burden on the
night side of the heart and hypertension embarrasses the Jeft side of the
heart In this way the two burdens are equalized and 1f congestive farlure
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1s due to an 1mbalance of the two ventricles, as 1s believed by many author-
1tses, the effect may be beneficral I have frequently seen elderly patients
with mutral stenosis and hypertension continue to do fairly well many years
rfter 1t was expected that they would die It therefore appears to be a some-
what favorable sign to find an mcreasing blood pressure in cases of mutral
stenosis
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Discases of the Aortic and Tricuspid Valves

There are certam striking differences between dseases of the aoruc and
the mutral valves Aortic valve disease 15 more common 1n males than m
females and the reverse 1s true for mitral disease Pamn in the chest of the
type that 15 charactenistic of angmna pectons s frequent 1n aortic disease
and 1s rare 1n mutral disease Pallor 1s more typscal in the former, whereas
plethora or at least a flond countenance 1s more typicalin the latter Pauents
with aortic valve disease, although frequently complamng of chest pan
and palprtation, have much Jess dyspnez as compared with those having
mtral disease They generally also have better boduly strength and remain
ambulatory and able to do work for a lopger time with outspoken evidence
of valve disease, however when general arculatory nsufficency does
develop, with dyspnea congestion of the lungs and hver or peripheral
edema they have not the recuperative power that 1s commonly seen
patients with mitral stenosss In other words, when decompensation 1s once
developed 1n an aortic case the outlook 15 rather grave The average length
of life after such an occurrence 1s not 2pt to be more than two or three
vears In mutral cases on the other hand frequently several attacks of de-
compensation occur, each followed by a parnal restoration of circulatory
efficiency The patents are thereby enabled to continue for many years on
restricted activittes Pulmonary wfarctions are less common 1n aortc than
mn mutral cases This may be partly but not entirely accounted for by the
fact that aurtcular fibrillation 1s extremely rare 1 disease of the aoruc valve
and very common wn sutral stegosts Drsturbances m conduction, such as
heart block and bundle branch block, are much more common m 2ortic
than 1 mural disease The same 1s also true of attacks of syncope and
sudden death A final difference that has impressed me 1n recent years 1s
that sub: bactenal endocarditss 1s more 1 2ortic disease than
1 matral stenosis This does not mean that the mitral valve 1s less frequently
myolved 1 subacute bactenal endocarditis, for in most cases when the
mutral valve 1s involved there 1s only an msufficiency of the valve but no
stenosis

There are three general causes of disease of the aortic valve namely,
rheumatism, syphilis and arteriosclerosis The young are apt to be theu
mattc, the mddle aged, syphihitrc and the aged, hypertensive or sclerotic
This division 1s quite arbitrary as many cases overlap from one age period
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mto another The frequency with which one type or another will be mer
wilf depend 1n 2 great measure on the Jocality where the physician praticees
In certamn sections of the country almost all cases or aortic msufficrency
will be Iuetic 1 ongin Thes discrepancy has made some authors state that
aortic insufficiency 1s mvariably due to syphibs In a locality hike New Eng-
[and, more ndvidual cases of rtheumatic aornc insufficiency are <een than
any other type, although frequently thus 15 associated with other valyular
disease On rare occasions aortic nsufficiency may be funcrional or tran

sient This may occur during the very asthenic stages of marked anemia of
the pernicious type and 1n hypertenston

AORTIC INSUFFICIENCY

The two types of lesions of the aortic valve to be considered are aprtic
msufficiency and aortsc stenosis Let us first take up aortic insufficiency
The heart 1 this condition wall become hypertrophied 1 the course of
ume and 1n some cases thus enlargement becomes extreme The left ven-
tricle 1s the chamber that bears the main brunt of the leak and therefore 1t
becomes not only thickened but eventually considerably dilated ‘This

A\ extends d d more than outward so that the apex impulse

may be felt 1n the sixth interspace outside the mpple line or even lower
The apex mmpulse 1s apt to be heaving and forceful denoting a thickened
musculature of the left ventricle It 1s well to become familiar with thus
type of impulse no matter under what circumstances 1t 1s felt for it gives
a fairly satisfactory indication that the wall of the left ventricle 1s thickened
and sometimes enables one to decide that the heart 1s hypertrophsed, even
when percussion outlines are doubtful One gains the impression that with
systole the apex smpulse lifts the palpating finger and heeps 1t elevated for
an appreciable nme before 1t recedes It does not merely tap the finger
Only on rare occasions can a diastohic thil be felt at the base of the heart
n aortic msufficiency Percusston merely axds 1n estimating whether the
hearr outhme 15 enlarged or not, and 1 no way helps 1n identifying aornc
valvular disease Auscultation reveals the decisive evidence of the diagnosss
In uncomphcated conditions, the heart thythm will generally be found
regular Almost invariably a systolic murmur will be heard at the base of
the heart and often there 13 a systolic murmur at the apex as well The
apical systolic murmur 15 exther due to a felative mitral insufficiency or to
a concomutant mitral endocarditis When the aortic insufficiency 15 due to
syphulss or sclerosts the aptcal systohic murmur should be regarded as due
to relative mutral insufficiency and not to a true endocardiuis because a true
orgame mitral msufficiency practically never results from syphulis or arterio-
sclerosis Here the left ventricle becomes markedly ddated and the mutral
nng, although essentrally normal, 15 large and the leaflets do not completely
close the openng dunng systole When it 15 rheumatic 1 ongmn, 1t wiil
always be difficult to decide whether or not the mutral valve ss structurally
diseased unless additional evidence 13 obtained ponting to nutral stenosis
as well If 2ortic stenosts 1s also present an apsca) systolic murmur may
actually be comung from the sortic valve
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There are three possible explanations of the basal systolic murmur sn
aoruic wnsufficiency  First, 1t may be due to an actual structural or relative
stenosis of the aortic valve Ths I think 1s more common than 1s recogmzed
Secondly, 1t has been thoughr that a roughening of the aortic wall such as
15 found 1 syphilis and arteriosclerosts may produce a systolic murmur
Thus I think 1s fatlacious, for T have frequently heard no murmur when
Jater at autopsy the aorta showed extreme degeneration Finally, 1t may be
due to the hyperdy of the it at that moment There may be
2 momentary mcrease m the rate of flow of the blood dunng systole that

p aortic it y 1 behieve that the latter factor 15 more
important than 1s generally assumed

The apical and basal systolic murmurs discussed 1n the foregoing para-
graphs, although generally present 1n 2oruc msufficency, are m no way
diagnosuc, for they occur when the aoruc valves are competent The most
important and charactenisuc finding 1s the presence of a diastolic murmur
heard at the aortic area, and even with louder intensity at the thurd left
nterspace near the sternum and propagated downward This murmur has
a blowing quality, starts directly with or replaces the second heart sound
and 1s diminuendo 1 character At times 1t 1s quite faint and requires most
careful auscultation for its detection In some cases 1t will be audible only
1f searched for with the patient sitting up and exammned duning deep expira-
tion In general 1t 1s unwise to make the diagnosis of zortsc insufficiency
without this finding

Although the detection of an aortic diastolic murmur 1s valid evidence
of aortic incompetency, especially 1f there are peripheral signs as well, post-
mortem examunation may occasionally fail to confirm the finding of valvular
disease This does not mean that the diagnosis was incorrect, for the valie
may have been incompetent 1 life and stil show no structural disease at
autopsy When the heart 1s examined post mortem we do not see the struc-
tures as they existed with their normal tone and under blood pressure
relanons that prevailed during ife The valves may have been relauvely
msufficient because of dilatauon of the aortic ning  Such relamve aortic
nsufficiency 1s not uncommon 1n hypertension and 1n marked anemua when
the valves are structurally sound Similar dynamic dilatation has been
repeatedly ob erved in the aorta itself I have seen mstances m which the
x ray showed very marked dilatation of the aorta, poinung strongly to the
diagnosts of aneurysm, when at autopsy a perfectly normal small elastic
aotta was found

‘There are mstances in which a presystolic murmur will be heard at the
apex 1n cases of aortic msufficiency Thus 1s the so called Austin Flint
murmur It may be difficult to terpret the sigmificance of an Austin Flint
murmur, for 1t has the same time and quality and 1s heard in the same place
as the murmur of mutral stenosss It must be admitted, however that this
murmur can be present when mutral stenosis 1s absent The practical
pount of view that I have taken 1n ths regard 1s that if the so-called Austin
Flnt murmur 15 heard m syphulittc aortic insufficrency, I would accept 1t
as real, but that when 1t 1s present i a rheumatic case, I would be apt to
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regard 1t as due to concomitant mutral stenoss This 15 based on the empir-
1cal pathologic experience that syphilis never produces mutral stenosss and
that rheumatism frequently does, even when aortic disease 1s also present
However, I have seen mnstances of rtheumauc aortic insufficiency 1 which
not only 2 presystolic murmur was present at the apex but also a presystolic
thrll and x-ray evadence of a promunent left auricle were noted 1n cases 1n
which at postmortem examination mutral stenosis was not demonstrated

Peripheral Signs

There are, 1n addition, very important pertpheral signs of aortic msuffi
ctency which are more or less dependent upon the increased pulse pressure
that accompames this condiion The most striking one of these 15 the
hyperactive agitated pulsations of the arteries, especially the carotid arter
1es They beat violently so that the entire lateral portions of the neck seem
to pulsate The radial pulse has a water-hammer quality, the so called

Cornigan  pulse There 1s a capillary pulse that may be made out on
observing the fingernails while exerting muld pressure This may also be
detected 1n watching a flush come and go after rubbing the forehead or
while pressing on the mside of the lower lip or the lower lobe of the ear
with a glass skide In addition, there 1s the so called “pistol shot 1 the
femoral artery that one may detect with the stethoscope Here, if pressure
15 applied during auscultation, a systolic murmur may be heard This mur
mur 1s really a normal phenomenon, but what 1s more significant 1s thatin
many cases of zortic insufficiency wiath appropriate pressure over the
femoral artery, one may hear a distinct drastolic murmur (Duroziez’s sign)
These various peripheral evidences of aoruc insufficiency are by no means
pathognomonic ‘They occur m a less well marked degree 1n a varety of
conditions Many states i which there 1s a lax atomc peripheral vascular
tree may present these signs They are commonly seen 1 association with
hyperthyroxdism, certam types of anemma, especially permcious anemua,
fevers, nervous hearts, and m some cases of hypertension In most of these
conditions the pulse pressure will also be found greater than normal I have
frequently observed the capiliary pulse and a Cornigan pulse 1n conjunction
with the above conditions, sometimes even noting pulsanon of the retmal
arteries

The penipheral signs of aortic nsufficiency, although m general not so
helpful 10 diagnosis as the diastolic murmur, nevertheless are valuable
when there are combmed valvular lesions This 1s especially true n rheu-
matic aortic msufficiency Here, 1t may be difficult to mterpret the ongin
of a drastolic murmur heard along the left sternal border Such a murmur
may have various causes At times the drastohic murmur of mutral stenosts
may be so promunent and loud that 1t 1s actually well heard even toward the

base of the heart The diastolic murmur, on the other hand, may be due to
an aortic insufficency, which 1s combined with the mutral stenosts It may
be a so-called ¢ Graham Steell murmur Thus latter murmur 1s supposed
1o be due to 2 relative pulmonary msufficiency occurring 1 mutral stenosts,

and 15 heard 1n the pulmonary area (second left interspace) and alontheg
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left sternal border Moreover, the presence of a drastolic murmur 1 this
arca together with the systolic murmur that 1s also present may be attub
uted to congemtal heart disease Finally st can be the result of organtc tr1-
cusptd stenosts Frequently 1t 35 ympossible to mabe an accurate differentia
tion In such wnstances the penipheral signs may dectde the question as to
whether aortic mnsufficiency 1s present or not One may have to unlize all
available means of diagnoss to arrive at a proper decision The presence of
auricular fibrillation wrll point defimtely to mutral stenosis and the snapping
quality of the first heart sound should make one suspect its presence The
x-ray finding of a dilated pulmonary artery will point to the diagnosis of a
patent ductus artertosus When the patient has obvious 2ortic mnsufficiency
and the question of an addinonal mitral stenosis comes up, 1f aurtcular
fibrillation exists, both valves are probably mnvolved Also, if there 1s nght
ventricular prepond, e 1 the electroc orap left
auricle on % 1ay examunation, 1t 1s likely that the lesion 15 not confined to
the aortic valve, but that matral stenosis 1s also pre ent, for if aortic msuffi-
crency were the sole lesicn, we would expect marked left ventricular pre-
ponderance in the electrocardiograms Although this evidence 15 not indis-
putable, 1t 1 helpful In order to make the diagnosis of a Graham Steell
murmur, 1t would be necessary to find thus diastolic murmur present m
theab ence of penipheral signs of aorcansufficiency One would also expect
that the patient would te decompensated and that the murmur should
enther disappear enurely or at least diminish markedly 1n wntensity as ym
provement mn the airculztion occurred Although 1n most cases the mter
pretation of the basal diastolic murmur 1s not difficult when 1t 1s doubtfu
1t 15 apt to be of academuc mnterest, for 1t may be assumed that except 1n
extremely rare occastons a diastolic murmur means heart disease

AORTIC STENOSIS

Stenoss of the zortic valve 1s frequently due to theumatic infection, 1s
occasionally the result of arteniosclerosts, but 1s never syphilitic 1n onigm
There was a ime when the diagnosis of aortic stenosis was made much too
frequently, as many patients who merely had a basal systolic murmur were
regarded as suffering from this condiion This was followed by 2 perod
of undue caution when 1t was regarded as a very rare disease At present
we must take a muddle course for there 1s ample expertence to teach us that
1t 18 by no means rare and that 1t 1s frequently overlooked

The younger individuals with 2ortic stenosss are generally regarded as
suffering from rheumatic valvular disease, whether the aortic Iesion 1s found
to be an 1sofated one or 1s combimned with mtral or tricuspid 1y olvement
Individuals with aortic stenosis who are over 50 or 60 years of age, who
frequently show no significant involvement of the other valyes, have been
regarded as arteniosclerottc It has been my impression that many, if not
most, of such patients are also rheumatic It 15 curious that even mn thys
older group a positive ustory of previous rheumatic mfection will be
elictted 1n almost 30 10 40 per cent of the cases Thus 1s true notwithstanding
the fact that the interval between the posstble early mnfection and the present
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1ilness mught have been forty to fifty years, that a history of rheumatism
may easily have been forgotten, and that many years ago atyprcal rheumatic
infections were doubtless overlooked Furthermore, as a result of a better
understanding of the pathologic findings 1n rheumatism, pathologists are
now willing to admit that cases which they formerly bad called arterso-
sclerotic they are now ready to call rheumatic Another argument agamst
the arteriosclerotic origin of many of these cases 1s that as a rule the ascend-
g aorta, where sclerotic processes 1n general are 50 extensive, 1§ apt to
show comparatively few atheromatous changes 1n aortic stenosss This may,
however, be due to a protective effect that the stenosed valve exercses
buffering the systolic impact of the aorta It 1s also concetvable that some
cases of aortic stenosis are the result of a previous nonrheumatic infection
of the aortic valve, or may even represent the healed stage of a previous
subacute bacterial endocarditss Fnally, the likehihood that arteriosclerosis
alone can be responsible for a portion of the older cases cannot be entirely
dismussed
The general clinucal features of aornic stenosis resemble those of aoruc
msufficiency 1 that 1t 1s more common 11 males, 1t 1s found 1n hearts with
a regular rather than an absolutely irregular rhythm and 1s rarely associated
with emboli or pulmonary wnfarction The left ventricle 1s often enormously
hypertrophed, with only very htde dilatation The heaviest hearts are those
with aortic stenosis, although the largest sithouettes on x-ray exammanon
are those of mutral stenosis Thus 15 so because of the marked dilatation that
occurs with the latter condition Dyspnea comes late, the patients maintarm-
g rather good health for long perteds of time until congestive fatlure
finally intervenes When this occurs, the prognosss 15 grave, for death 15
apt to mtervene within two or three years The foregoing generahzations
do not hold, however, when there 1s combined mutral and aortic valvular
disease
One frequent complication of aortic stenosis 1s anguna pectonts Thus, I

believe, 15 often overlooked It has currently been taught that angina 1s a
common accomp of aoruc ffi and little mention 1s made
of 1ts association with other valvular lesions I'he explanation given 1s that
the heart 1s nourished 1n duastole, for during the actual systolic contraction
blood flows out through the aorta while the coronary arteries are practically
occluded In aortic fhi y blood 15 reg: back 10 the left
ventricle from the aorta dunng diastole and with the duminshed diastolic
pressure there 1s madequate nounshment of the heart muscle Although this
seems to be a Jogical explanation, there are certamn conflicting chimical facts
In patients with aornc msufficiency the occurrence or severnty of angma
by no means follows the level of the diastolic pressure Furthermore, 1
cases of syphlttic aortic wnsufficiency 1 which the mouths of the coronary
artertes are not occluded the degree of regurgitation 1s very often of an
extreme degree and yet angina 1s rare On the other hand, 1t has seemed to
me that m patients with aortic valvular disease and angina pectoris the
element of stenosis has been more promment than that of regurgitation
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In fact, I have frequently seen angina with the former when there was no
evidence of the latter

The explanation of the frequency of angina 1n aortic stenosts 1s obscure
Posstbly several factors are involved It 15 now believed that there 1s coro-
nary flow during systole as well as diastole The ventricular wall is generally
thicker 1n aortic stenosts than i pure 2ortic msuffictency or 1n other types
of heart disease This may result 1n a greater degree of relative myocardial
anoxerma because the coronary blood supply may not keep pace with the
hypertrophy, and exygen diffusion into thick muscle fibers 1s more diffi
cult Furthermore, the work of the heart must be enormously mcreased to
expel blood through such narrow valves Also the velocity of the blood
ejected through the stenosed valve must be ternfic to mamntain 2 normal
output per munute This rapid stream may possibly exercise a suction
action on the mouths of the coronary artertes which lie just beyond the
valve If this happens, blood actually 1s extracted from, rather than fed to,
the heart during systole Finally, cases have add 1 fi
coronary sclerosis to account for the angina However, I have scen young
patients with aortic steniosts and angina i whom sudden death occurred,
and postmortem exammation showed normal coronary arteries Here some
of the above mechanisms may have been involved

Angna 15 frequently overlooked 1 aoruc stenosts because msufficient
attention 1s paid to munor complamnts such as mild sternal distress on hur-
rying Often the patient will not even mention 1t to hus physician and 1t
will have to be brought out by direct questioning This accounts for the
frequent occurrence of sudden and unexpected death that 1s so common
1n aortic valvular disease Granted that an integral part of the symptom
complex called angma pectonts 15 a Itkelihood of sudden death, eliciing
a proper hustory will often forewarn the physician of possible sudden fatali-
ties 1n aoruc cases that otherwise would remain unexplamed Furthermore,
when no such previous lustory of angma can be obtained 1t 15 not mcon-
cevable that a first attack of angina may end fatally Not so long ago I saw
a man of 55 who was suffering from congestive heart faslure After hts con-
dition had improved 1t was planned that a complete thyroidectomy would
be performed Many other physicians and I had seen lum over a period of
a year and we all were 1 accord m the diagnosss of aortic stenosts Finally,
on direct questioming, I found that he had a definite history of angmnal dis-
tress of about two years duration, a fact that he never mentioned before
because hus primary complamnt was breathlessness The day before the
ume set for the operation, while he was apparently 1n good condition, he
suddenly expired If the diagnoss of angina had not been made this pa
tient s demise would have been regarded as one of those unexplamed sud-
den deaths 1n aortic disease Expertences smilar to this one are not un-
common

Another pecultarity of aortic stenosts 1s that 1t 1s frequently accompaned
by a tendency to fammess or 1o actual syncope The exact explanation of
this 1s obscure but 1t may be linked np with peculianities 1n the carotid
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suus reflex It1s now well known that if thus refle<s hyperactive, giddiness,
weakness and fainting attacks can occur It 1, therefore, necessary to study
the condition of thus reflex 1n cases of aortic stenowms 1n the hope of throw-
g further hight on this otherwise obscure phenomenon So far, however,
11 most cases a normal sensitivity of the carotid sinus has been found Syn-
cope occurs particulatly on effort and in the last analysis 1s probably due
to cerebral anovemua It 15 unlikely that 1t 1s due to temporary heart block,
despite the fact that conduction defects are common 1 aortic stenosis May
1t be due to a temporary mcrease 10 heart rate with a decrease m cardiac
output? The problem 1s stil unsolved
In this connection 1t 15 of mterest that m dortic stenoss the heart rate 1s
often slow This may be so even when gross evidence of congestive heart
farlure 1s present In fact there are few conditions apart from sortic stenosis
m which advanced congestive heart failure will be found with a heart rate
under 70 or 60, 1n wluch the slow rate cannot be accounted for by heart
block or the admmustration of digitalis Thus point has been useful in first
directing suspicion to the diagnosis of aortic stenosis and then detecting
the direct clinseal evidence of the leston by careful examumuation This slow
heart rate may possibly be due to the same factor that makes the panent
subject to syncope or may i sore way be related to the vagus apparatus
For some unknown reason, the basal metabolism mav be elevated in some
cases of aortic stenosis This may occasionally occur when there 15 htile or
no evidence of congestive fadure The increase 1 metabohsm may be as
great as 20 to 40 per cent I have seen several proved instances of aortic
stenosts 1 which repeated showed such readings and yet on
gross and microscopic study of the thyroid gland nothung abnormal was
found The explanation that the ncrease is due to the marked cardiac
hypertrophy hardly seems vahd as many other cardiac patents with great
enlargement of the heart have shown a normal metabolism This problem
needs serious consid when the q of latent th drac disease
cormes up
The chrucal dagnosis of aortic stenosts will m many cases depend on
finding a systolic thnll at the base of the heart When 1t 15 marked 1t can
readily be felt 1o the second right snterspace or over the upper or middle
portion of the sternum It ts often mussed because careful palpation 1s not
practiced or because 1t 15 not searched for properly A fainter thnil mav
only become apparent if palpation 15 performed duning a held expiration
with the patient sttting upright or leamng forward It can be confused with
systolic thrills that accompany congemtal heart disease, but the differennal
diag 5 g iy bhshed without difficulty by the presence or
absence of other findings such as cyanosts, clubbing of the fingers, electro
cardhographic changes (night venmcular prepond e with pul y
stentosts and left preponderance with aortic stenosts) and ¥ ray exarmna-
non One must be careful to interpret as a thnll only that condiuon m
which a real purr of significant duranon 15 felt In this wav st will not be
mmustaken for systolic or other mpacts of the chest that are common n
hyperactive hearts ot n thin chested indviduals This differentiation 15
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mportant, for true basal systohc thrlls n the absence of congenital heart
disease generally mean aortic stenosis

A second mdisputable sign of aotuic stenosss 15 the finding of calaifica
tion of the aortic valve on ¥ ray exammaton This 1s best detected by
fluoroscopic examunation but may even appear on the flat heart plate It
needs to be distnguished from calcification sn the mutral valve or m the
myocardium Thus can be easily done by a trained observer, the main differ-
entral pomts bemg its locarion and the fact that at the very begmnming of
systole calafication m the matral valve will be seen to move upward whereas
the aortic valve moves downward It 1s obvious that calcification of a valve
must be a late process, and when 1t 1s sufficiently advanced to become
visible the valve must have been diseased for years In fact, in many cases
1n which calafication 1s not very extenstve 1t will not be detected Tt s sur-
prising, however, how frequently this diagnosis was made on X ray examin-
ation and 1n all such cases that were examined post mortem the x ray diag-
nosts was confirmed Although calaified aoruc stenosss is generally seen m
older people 1t 15 not at all rare 1n younger persons In the younger group
the disease 1s obviously rheumatic 1o ongin and I suspect that 1n many of
the older group 1t 1s also of rheumanc source although the older patents
have been g 1ly regarded as arteriosclerotic It must be borne m mind
that calcium deposits are often found 1n any long standing chrontc mflam-
matory process and 1f a patient survives an aortic lesion long enough calcr
fication may result

The other chimcal signs of aortic stenosis are less important because they
are more difficult to mnterpret The second aortic sound 1s dimimshed
mtensity or absent 1 many cases The difficulty 1s that the pulmonary
second sound may be audible 1n the aortic area making 1t ympossible to
distinguish the origin of these sounds A systolic murmur will be present
1 practically every case of aortic stenosis This murmur 15 best heard
second right intercostal space (the aortic area) or not infrequently over the
upper precordium and mud: 1 region Itis g Hy a fairly loud mur-
mur and coarse irr quakity The difficulty 1s that basal systobic murmurs are
commeon 1n such a variety of circumstances that thus alone cannot conststute
reliable evidence for the diagnosis of aortic stenosss When 1t 1s appreciated
however, that the constricting process, which eventually becomes sufficient
to produce a palpable systolic thnll or calcificatton of the valve detectable
by x 13y, 1s a very slow one extending over many years 1t 1s evident that
the can only be susp d in many during these inter-
vemung years When phonocardiograms are taken the classical systolic mur-
mur has 2 pecuhar diamond shaped appearance (Fig 188) Although this
1s not patk s 1stic to d: h 1t occa-
sxonally from the murmur of mutral msuﬂicmucy It 15 obvious that a very
loud murmur must have been famter or even very shght years before or
at1ts onset I am convinced that many patients who merely show systolic
murmurs of moderate or loud intensity without much other evidence of
heart disease have aortic stenosis, even when the systolic murmur 1s louder
at the apex than at the base of the heart I have followed such cases long
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enough to see the true nature of the lesion develop At first a systolic mur-
mut would be heard when there were no symptoms Such a patient may
have been refused msurance because of 1t At this time a thrill, a diastolic
murmur or appreciable hypertrophy would be absent The murmurs might
have been called functional systolic murmurs T mught have made the diag-
nosis of mutral insufficiency, because 1n some of these cases the murmur
was quite promunent near the mipple as well as toward the base of the heart,
or the murmurs may have been designated as mstances of systolic mur-
murs, cause unknown > Then as years went on a defimte basal thrill would
become palpable or calafication of the valve would be found on x-ray
exammation Dyspnea or anginal pain were frequent eventual developments
1n such patients
Although most cases of aortic stenosis 1 which the diagnosts can be
made will have moderate or very loud murmurs (grade III to VI), there
will be some with only famt basal murmurs I recal! a man I followed for
twenty years who always showed a grade I (rarely grade II) aornc systolic
and drastohic murmur He had had an early hustory of rheumatic fever and
remamned quite well all these years He had a fairly large chest with an
d posterior d Although the murmurs were very
famr, caleified aortic stenosis could be seen fluoroscopically, which was
confirmed eventually post mortem In such cases the systolic murmur 1s
famtly heard because of the thickness of the intervening space between the
heart and the outside of the chest
The lesson to be drawn from these expersences 1s that we should be more
ready to make the diagnosis of aortic stenosis before all the classical signs
are present
Insuffi so frequently a p stenosss of the aoruc valve that
one should make a careful search for a basal diastohc murmur When 1t 1s
found 1t will lend support to the diagnosss that the aortic valve 15 at least
diseased and that the systolic murmur, which can be due to so many other
causes, 1s 1n fact the result of aortic valvular disease Even the presence of
a systolic and drastolic murmur at the aortic area does not necessanily mndi-~
cate stenosts of the valve Both murmurs are present in most mstances of
free aortic regurgitation without stenosis such as occurs m syphalitic aortic
msufficiency, a conditton which never results 1n stenosis of the valve Itis
sometimes taught that when there 1s stenosts of a valve there must be -
sufficiency, 1 e, 1f a valve 1s so deformed and scarred that 1t cannot open
1t would similarly be 1mpossible to close completely Although this view
sounds logical and one 15 further impressed by its valdity on seemng the
nigid calcified valves post mortem, the fact remawms that in many instances
of aortic stenoss no diastolic murmur will be audible nor will there be any
penpheral signs of zortic msufficiency The same holds true for mutral
stenosss, for bere i many 1nstances, although there may be a long diastolic
rumble mdicating a fair degree of stenosis, no systohe murmurs will be
heard after the snapping first heart sound
There are other auscultatory signs 11 aoruc stenosis Murmurs may be
present at the apex of the heart indicaung an additional organic involvement
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of the mutral valve or a relatiy e insufficiency of that valve The basal systolic
murmur and thrill may be transmitted upward mnto the vessels of the neck
The finding of a systolic murmur and thnll over the vessels of the neck,
without simular s1igns over the chest, cannot be relted upon as certam evi-
dence of aoruc stenosss, because they may be present in other conditons
such as hyperthyroidism, anemia and nervous states Furthermore the
apical systolic murmur may merely be transmutted from the aortic valve
and may not signufy any additional lesion

The plateau form of radual pulse 1s fairly characteristic of aortic stenosis
1t 15 often overlooked because the exanuner does not think about 1t When
1£15 present the pulse will be found to nise and remain sustained longer than
1n other conditions It will obviously be absent if there 1s also sufficrent
aortic msufficiency, for this will counteract the plateau character with a
collapsing quality

The bload pressure wn aortc stenosts 15 vanable In the classical case the
systolic level 15 apt to be low and the diastolic comparatively high, produc-
1ng a small pulse pressure One frequently finds readings such as 110 mm
systolic and 90 mm dhastolic ‘Two other factors, however, affect the blood
pressure so that almost any reading mught be found n different cases, 1 ¢,
an acc a0rtic y and an dent essential hyper
tenston The result 1s that both the systolic and the diastolic pressure may
vary from very low to very hugh levels

The x-ray 1n typrcal aoruc stenosis will show a prominent, rounded left
ventricle producimg a boot shaped heart The electrocardiogram will reflect
the degree of left ventricular preponderant hypertrophy that 1s present and
occastonally disturbances it conduction

DISEASE OF THE TRICUSPID VALVE

Although functional isufficrency of the tricusprd valve 1s common,
organic disease of thus valve 15 rare It1s easy to understand the frequency
with which this valve becomes relatively incompetent When there 1s con
gestive falure, the heart is generally dilated If the nght ventnicle dilates,
the tricuspid ning 1s thereby stretched and the valve although normal
structure will no longer be able to close the enlarged openmng This will
necessanly result 1n a regurgitation of blood from the nght ventricle mto
the right auncle This condition 1s common m all types of heart disease,
but particularly 1n nutral stenosts where the burden on the night side of
the heart eventually becomes great Under such circumstances, the patent
15 apt to have not only marked evidence of cardiac farlure with cyanosis,
edema and engorged Liver, but regurgitation of blood through the mmcuspid
valve may show stself in other ways There may be an actual systolic pulsa
ton of the veins of the neck and kkmbs, and a pulsaung hver It1s no simple
matter to detect these changes, for normally there are pulsauons mn the
jugular vens which are difficult to ume Likewsse 1t 15 difficult to distn-
guush systohe pulsations of the hver from pulsatons of the night side of the
heart and abdormnal 2orta By placing both hands around the lower night
axilla and nght upper quadrant of the abdomen, one may at times be 4*
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able to sense an actual systolic expansion 1n the liver region with each
heart beat as one hand moves forward while the other moves backward
In many cases the sigruficance of 2 systolic pulsation 1s musinterpreted
because 1t can be due to an impact from the neighboring abdominal aorta
or the overlymng heart The most satisfactory chimeal evidence of tricuspid
regurgitation 1s the detection of famnt pulsations 1n the vems of the fore-
arms or forehead As a result of tncusprd msufficiency, there 15 also a
systolic murmur heard 1n the tricuspid area over the lower sternum It 1s
very difficult to 1dentify this murmur or to disungush 1t from the systolic
murmur of mutral otigin heard at the apex that 15 mvanably present and
has the same quality It 1s thought that having the pauent hold a deep
breath may accentuate the systolic murmur if tricuspid nsufficiency 1s
present It probably 1s true that many pattents with advanced cardiac
failure have a functional tricuspid insufficiency even when no such diag-
nosts 15 made, for frequently at postmortem examination the tricusptd ning
15 clated
True tncuspid endocarditss 15 pracucally never a pure leston It has the
same etiologic background as disease of the mutral valve and 1n my expen-
ence 1t has invanably been associated with mtral stenosss wath or without
aortic stenosts The diagnosis of organic tricuspid msufficiency or tricuspid
stenosss 1s extremely difficult Many authorities have considered 1t impossi-
ble to make this diagnosis However, with the recent increased imnterest m
this condition, more and more cases are being recogmzed There are certam
features which, although not pathognomonic, should arouse suspicton of
the presence of tricuspid stenosis
Patients with tricuspid stenosis have in general the same symptoms as
those with mutral stenosis Cyanosis 1n this conditon 1s apt to be more
1ntense, infarctions of the Jung are very common and the liver 1s tnvartably
enlarged A stnibung feature m some of the cases 1s the fact that the liver
may remam enlarged for a long time, even years, while the patient 1s com-
paratvely comfortable and latory One and farly ck -
sstic observation 1s the rapid change 1n the appearance of the face when
the patient changes from an upright to a recumbent position Within a
minute or so the face, which appeared normal or merely showed a very
shight tinge of cvanosis, becomes markedly suffused and intensely cyanonc
The vems of the neck and head will also become very distended This
change probably results from the fact that on assunung the horizontal posi-
t1on the mcreased venous return to the right side of the heart cannot be
delivered quickly through the constricted tricuspid valve and backs up m
the vemns For similar reasons this sign ought to be present m cases of con-
strictive pericarditis
Ascites may also be very promment and require frequent abdominal
tappings The same thing may be true of hydrothorax, especially on the
nght side Patients with tracuspid stenosis seem to tolerate these evidences
of advanced heart failure with less dyspnea and general distress than do
patents with other cardiac condions It 1s thought by some observers
that m the course of time these patients are apt to develop a peculiar
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appearance of the sk, consisting of a shght olive discoloranon I have
seen thus 1n several instances and st has seemed to be a mild chronic jaundice
with & slight fant greemsh tnt to 1t It probably 1s the result of prolonged
enlargement of the liver and no doubt may develop 1n other cardtac patients
when the same Jong continued stasts takes place Polycythemxa 15 also an
occasional finding 1n tricuspid stenosts Abd, are
parucularly pam and tenderness mn the liver \Vhat 15 more impressive,
however, 1s the degree of comfort and the comparauve absence of dyspnea
and peripheral edema 1n the p ofap ly enlarged liver and
recurrent ascites To ths extent 1t rescmblcs constrictve pericarditis which
1s distingushed from tnicuspid disease by the absence of sigmificant enlarge-
ment of the heart and murmurs

On physical examunation the cervical veins are almost always found to
be d ded and p These cf 1stics may occur an all types
of night heart falure The disungusshing feature 1n tricuspid cases 1s that
the condition 15 not only very marked but st persists for long periods of
time, even when the patient 15 1n a farly good state of compensation The
same will be true of the venous pressure It will not only be elevated, but
with improvement 1t will not return so closely to the normal level as
other cardiac duseases wath the exception of consmictive pencardins The
blood p 15 lly never ficantly elevated 1n tricuspid stenosis

(over 150 mm systolic) Hyp 15 prot the result
of prolonged hepatic insufficiency

Enlargement of the night side of the heart 1s very stadung The night
auricle dilates tremendously and may even extend beyond the night mid
clavicular ine There 1s almost invariably a right ventricular preponderance
1 the electrocardiograms Auncular fibrillation, although often associated
with tricuspid stenosis 15 not so frequent with the same degree of heart
failure as 1n cases of mutral stenoss alone This means that a fair number
of these patients will show gross heart failure with a regular thythm The
murmurs are sirmlar to those that occur n mitral stenoss, but they are
well heard over the lower sternum or to the night of the mudhne When 1t
1s appreciated that 1n a serses of thirry-two cases of tricuspid stenosis every
case 2lso showed well marked mutral stenosis, dufficulties 1n the nterpre-
taton of murmurs become apparent When the systolic murmur and par-
ticularly the diastolic murmur are better heard near the mudhne than at
the apex of the heart, 1t would lead one to suspect that the tricuspid valve
15 diseased The frequent association of tricuspid stemosis with mutral
stenosts, aortic stenosss and even adhesive pericarditis makes accurate
diagnosis extremely difficult

It 15 of considerable mnterest that among patients with chromc rheumatic
valvular disease, those with tricuspid stenosis die at the earhest age The
age at death n these cases (34 years) 1s about twelve years less than 1 those
with mutra] stenosts alone (46 years) and nuneteen years less than m those
with aortic stenosis alone (53 years) However, the duration of symptoms
or evidence of congestive failure 1s much greater 1n panents with trcusprd
disease than i those 1n whom the other valves are mvolved A recent
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study has shown comparative figures to be seven and five tenths years
for tricuspid stenoss, four and six-tenths years for mutral stenosis, and
three and one-tenth years for aortic stenosts In other words, although
death occurs at the youngest age 1 the tncusprd cases, the pauents with
this disorder live longest once farlure develops This 1s because they have
a mechanical embarrassment of the heart comparable to constrictive pen-
carditss, but the constriction 1s mside the heart at the tricuspid valve, and
not outstde 1n the perrcardium Thus process 1s more static and does not
necessarily imply heart muscle farture We, therefore, are witnessing 1n
such cases evidence of nght-sided failure, such as venous distention,
enlarged Liver and asctes, which has essentially a mechanical cause Such
congeston would obviously be much less serious or progressive than 1f 1t
resulted from pure heart muscle falure

It follows that 1f a case of known mitral stenosis carries on fairly well for
years with evidence of nght heart failure and shows persistently engorged
cervical vens and enlarged liver, especially if this 1s out of proportion to
the degree of dyspnea, and there 15 no hypertension, the diagnosts of tr-
cuspid stenoss must be considered
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Diseases of the Pericardimm

Disease of the pencardium 1s almost always secondary to some other pn
mary condiion, whether 1t be an infection or some other morbsd process
The pencardial abnormality may smpair health or threaten life 1n one of
several methods As part of an inflammatory process, pus may form and
give rise to the hazards attendant to a closed empyema Sterile flud, an
exudate, a transudate or a hemorrhage may be so abundant that st produces
cardiac tamponade, 1 ¢, interference with the normal movements of the
heart Finally, as a result of a previous mfection or some other pathologic
condittons scars adhesions or bands may form in the perscardim mped-
1ng the free contraction or expanston of the heart Thus latter process can
conventently be divided into two clinical types chronic constrictize pert
carditis and nonconstrictite pericarditis, the latter embracing the condition
generally called chromc mediastinopericarditss

The various common types of acute pericarditis wall first be discussed
then pencardial effusion and finally, chrome constrictive and noncon
strictive perscarditts will be considered

RHEUMATIG PERICARDITIS

Acute theumanc pericardiis generally develops about two weeks after
the onset of the rheumattc infection Its occurrence, how ever, 1s vanable
At tumes 1t ushers m the rheumatic infection, actually preceding any other
manifestation of rheumatism In fact, 1t may be the only evidence of the
rheumatic infection there being nio jomnt pains whatever On the other
hand, 1t can develop after the onginal atrack of theumatism has subsided,
Just as one 15 ready to allow the patient to get out of bed It 1s more com-
monly associated with aortic disease than with mutral stenosss This may
be explaned when we consider the anatomic relation between the peri-
cardum and the valves of the heart At the base of the heart there 15 only
the thickness of the aortic wall between the visceral perscardium and the
aornc valves, while the entire musculature of the ventricles mtervenes
between the wisceral penicardium and the mutral valve If the process of
wmfection 15 one of extension no matter 1 whrch direction 1t 15 easily con-
cewved how pericarditis would be more often associated with disease of the
aortic than of the mutral valve

59
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Symptoms

The symptoms of acute rheumatic pericarditis consist essentially of an
accentuation of those symptoms that already exist as 2 result of the under-
lying rheumatic process The heart, already rapid, becomes further acceler-
ated so that a rate of 130 or more 15 not at all unusual The resprratory rate
becomes unduly rapid Although this need not be associated with actual
dyspnea, in some instances the rate of respiration may be 50 and the patient
may be able to Lie flat in bed In most cases, however, there 15 actually some
respiratory distress The marked mcrease 1t the heart and resprratory rates
1s out of proportion to the degree of fever which often 1s no more than
101 or 102 F Very frequently there 1s a rather peculiar and characteristic
cough Thus 1s short, hacking, wrntative and unproductive Often there 1s
pamn 1 the chest It was formerly thought that this chest pam was due to
the inflammation of the pericardium, but there 1s now considerable doubt
about this explanation There are frequent pamless instances of acute
rheumatic pericardins Certamn studies on human beings indicate that the
pencardium for the most part 15 nsensitive to pain It may be, therefore,
that the pamn 1 pericarditis 15 due to an associated pleunins Notwithstand
g the different possible explanations, pamn in the heart region 1s fauly
common m pericardius Occasionally the early pamn 1s m the abdomen
rather than over the heart and with the fever and leukocvtosis that accom-
pany 1t, an acute surgical condition of the abdomen may be simulated

Diagnosis

The diagnosis may be suspected from the evidence described 1n the pre-
ceding paragraph, but w1ll finally rest upon detecting the to and fro pen
cardial friction rub  Thus 15 generally a harsh, graung sound, best heard
1 the third or fourth left mterspace It can remamn localized or spread over
a larger area On auscultation, the sounds seem to be close to the ear and
the mtensity may be augmented by firm pressure with the stethoscope or
by having the patient bend forward Thus to and fro friction on rare occa-
sions 1s quite transient, lasting only some hours, but generally 1t persists
for days When 1t 15 loud, 1t seems to envelop the heart sounds rather than
to follow them When 1t 15 typical, it has two portions to 1t, one with systole
and one with diastole, but I have seen stances 1n which for about twenty-
four hours there was only a systolic element and later the diastohc portion
was heard At umes, the continwity of the sounds 15 mterrupted so that 1t
may give one the mpression that there are three or four portions to the
entire friction rub Because of the frequent association with aortic nsuffi-
ciency, which has a to and fro systolic and diastolic murmur, 1t 1s some-
times quite difficult to distnguish a to and fro perscardsal friction rub from
the signs of 2ortic insufficiency In fact, both conditions may be present
In some cases, 1t 1s necessary to delay judgment If the to and fro murmur
disappears, 1t must obviously have been due to a penicardius If 1t persists
indefinitely, 1t 15 due to aortic nsufficiency The detection and proper
interpretation of & pericardial fnction rub 1s most important because 1t may
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be the only distinctive evidence that there has been an acute penicardins

There s another frequent development m acute rheumatc paricarditis
that 15 helpful in diagnosis, particularly 1f by chance the pericardial friction
was either mussed or mndisunct This 1s the so called Ewarts sign It
conststs of dullness and bronchial breathing heard below the angle of the
left scapula "These findings are supposed to be duc to atelectasis and com
pression of the left lower lobe of the lung from flmd accumulating 1n the
postenior pericardial sac It 15 not certain whether this explanation 1s true
but 1t 15 clear that the above signs which resemble pure lobar pneumonia
frequently occur i acute rheumatic pericarditis The bronchial breathing
1 this condition 15 apt to be quite loud, 2nd generally 15 unassociated with
any rales The bl to for the frequent hustory
obtamed from rheumatic patients that they had pneumonia in childhood
I have seen numerous such tnstances 1 which the physicran thought the
child was suffering from pneumoma Had not the proper diagnosts been
made such patients would have presented themselves later with aortic
msufficiency 1n whom no other infection than pneumonia could be blamed
as the cause of the valve disease The development of Ewart s sign generally
follows by some days the appearance of the pericardial friction rub It
may, however, acrually precede it I recall an experience 1 which such a
case was shown as an mstance of pure lobar pneumomnua 1n a ward given up
solelv to the care of pneumonia patients Because the patient had some of
the secondary features of rheumatism discussed in Chapter 2, namely,
repeated nosebleeds and a farmly history of rheumanc heart disease, and
because he already had some aches 1n his jomts, 1t was predicted that a
perscardral friction would appear and other features porting to rheumatic
mnfection would develop This occurred during the following days I cite
thus case to rllustrate the importance of accurate diagnosis and the mdirect
means by which proper diagnoses are sometimes made

The third characteristic of rheumatc pertcarditss ss the frequent develop-
ment of disturbances 1n conducnon Heart block 1s very common 1n thus
condinon When actual blocking of beats occurs, 1t 15 easily detected by
ausculation The rhythm which 1s rapid and regular will suddenly be
interrupted by pauses These pauses will not be preceded by a premature
beat, which d hes 1t from extrasy A complete heart cycle
every now and then actually drops out When the disturbance 1n conduc-
tion 1s Jess marked, no actual blocking of beats occurs The heart remams
perfectly regular It 15 almost impossible to detect this change without
graphic methods, although the presence of a gallop rhythm or a decrease
1 mtensity of the first heart sound arouses one s suspicion If an electro
cardrogram or a polygram 1s taken, the conduction time as indicated 1t
these curves will be found above the upper lumts of normal which 1s 0 2 sec
These shght changes are earher evidence of what becomes heart block when
the process 1s more marked Disturbances in conduction indicate a ssmul
taneous myocardiis which frequently accompames pericardins Except
for occasional cases of coronary thrombosss, thus 1s the only form of pert
carditss 1n which conduction disturbances are apt to occur Apart from the
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fricuon sound, the Ewart’s sign and the conduction disturbances, there 1s
Inetle that 1s distinctive on physical examunation m cases of rheumanc
pencarditis

It 15 likely that 1n most cases of rheumatic pericarditis an effusion of a
greater or lesser extent develops When 1t 15 shight, 1t 1s impossible to detect
1t The infl son gradually subsides and the flud 1s absorbed The
pericardial friction disappears after lasting a few days, but the signs of
compression of the left lower lobe of the lung and the conduction disturb-
ance may persist for two weeks or more Gradually both of these signs also
disappear, although on rare occasions the electrocardiograms may continue
to show a delayed conduction time indefimtely Changes in the ventricular
complexes of the electrocardiograms may also be present (Chap 21, Fig
171)

Prognosis

After a prolonged 1llness, generally lasung months, the patlent recovers
The prognosis 1n rheumatic pericarditis 1n general 1s good The immediate
mortality 1s about 15 per cent Ihe physician should always keep before
him the possibility and even the likelihood of a favorable outcome in the
face of what seems to be a very stormy disease One must appreciate that
we are dezling primarily with an mfection which at this tume 1s 1 an acute
fulminating stage and that the acute process can subside Pauents may be
desperately sick and make an excellent recovery even 1f signs of congestive
heart failure develop Acute rheumatic penicarditis pracucally never leads
to constrictive pencarditis

The ulumate outcome, if immediate recovery takes place, will depend
m a great measure upon whether the valves have been affected during the
acute process If during the attack of pericarditis no diastohic murmur
develops, recovery may be complete from a symptomatc pomt of view
The presence of a systolic murmur will have the same sigmificance as sys-
rolic murmurs 1n general This matter 1s discussed 1n detail m other chap-
ters I have seen numerous instances i which, after a most viclent and
desperate artack of rheumatic pericarditis, recovery was complete and the
patient was subsequently able to carry on even strenuous physical work
In such cases there may even be no evidence of heart disease whatever 1n
later years The subsequent health of the patient and ability to work are
quite different when evidence of valve disease develops Such experiences
have impressed upon me most forcefully the importance of the valves n
heart disease Recovery from injury to the myocardium after acute infec-
tions seems to take place most satisfactorily, but when the valves are struc-
turally 1nvolved, 1n many cases there appears (0 start a Progressive vicious
cycle, with subseg develop of 1 ffi

Great emphasis has nightly been placed on the importance of the myo-
cardium 1 heart falure Thus applies primarily to nonvalvular heart disease
1n chromic rheumatic heart disease a fairly healthy ventricular musculature
1s noted on postmortem examunation If the myocardium rather than the
valyes were of primary importance 1n theumausm, 1t 15 surpnising that we
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do not see patients in later life, who have had rheumatic fever in childbood,
dymg of heart muscle failure without valvular discase Apart from the
fatalities that occur during the acute rheumatic carditis when the state of
the myocardium 15 all important, death due to heart damage 1n subsequent
years 15 limuted to those patients who develop valvular lesions, while those
who recover from the acute infection without murmurs or without valvular
injury may never have any further trouble from the heart The degree of
valve deformuty 1 not the sole final cause of fature of the arculaton, al-
though 1t 15 2 most important factor 1n the disability, the so called acct
dents of heart disease interyene, such as bactenial endocarditis, infarctions,
emboli and infecttons When these accrdents do not occur, then the valvular
damage present at the time of heart failure will be found to be adequate to
explain the situation without recourse to any significant role played by the
heart muscle

Treatment

The treatment for a patient with rheumatic penicarditts comprises hittle
more than that employed for the underlying rheumatic fever Itis custom
ary to give salicylates erther by mouth or by rectum as has been described
1 a former chapter Some believe that large doses of salicylates actually
produce absorption of the pericardial effusion Digitahs will have no bene-
ficial effect unless there 1s evidence of congestive heart failure The pauent,
of course should be made as comfortable m bed as possible and requires
careful nursing to spare him any unnecessary effort He generally will find
1t more comfortable to be 1n the semirecumbent or at tumes in the upnght
posttion Codene 1n doses of } to % grain may be given every four hours
even to children, for precordial pamn or cough The only additional thera-
peutic measure that may be helpful 1s the nse of an 1cebag over the precor-
dium This sometimes alleviates the heart pan and dimimushes the sensa
non of palpitation In only a very rare case will it be necessary to tap the
pericardium  The flwd then will generally be serous but occasionally may
be hemorrhagic Tapping the pertcardium may be a hfe saving measure
and will be taken up under the general discussion of pericardal effusion

No doubt 1n the near future endocrine therapy will be of value 1n this as
10 other rheumatic condions Compound E (cortisone) and ACTH have
already produced astounding and prompt improvement in severe cases of
rheumanc penicarditts

PERICARDITIS IN PNEUMONIA

There are certain disunctive features 1n the perrcarditis that occurs with
pneumoma In the first place, 1t 15 not a common complication of pneu
moma Secondly 1t occurs almost exclusively 1n those cases of pneumonia
that have empyema of the pleura Furthermore 1t 15 more commonly asso
crated with empyema 1n the left pleural cavity than in the right In fact, 1f
a diagnosis of pericarditis 1s made 1n 2 pauent with pneumomnia, empyema
of the pleura, especially on the left side, should also be sought for Pen-
carditis when 1t does occur, 15 apt to develop 1n the latter days or after the
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cnisis or Iysis would be expected A most important difference between the
pencardiuis 1n pneumonia and 1n rheumatic fever 1s that the pneumococcus
1s likely to produce pus and rheumanc fever never produces pus For this
reason the diagnosts of the former 1s tmportant

The diagnosis of pericarditis with pneumoma will rest almost entirely
upon detecting the pencardial friction rub When thus occurs and 15 heard,
1ts 1nterpretation 1s a good deal more simple than 1n rheumatic fever, for
there are no endocardial murmurs to confuse the picture If the pericardial
friction rub 1s not heard, pericarditis may yet be suspected 1n occasional
cases of pneumoma 1f duning the second week of the disease there develops
a left pleural empyema which 1s sanisfactorily treated and yet a septic course
continues One must remember that a patent suffering from pneumonia
may have an empyema cavity in the pleura, well cared for, and yet die of
an empyema of the pericarcdium If there 1s any suspicion of thus, an explor-
atory puncture of the pericardium 15 1ndicated because the effusion under
such circumstances 1s purulent and not likely to heal spontaneously If pus
15 found 1n the pericardium, surgical drainage should be mnstituted This
complication of pneumoma 1s a most serious one The outlook 15 pracucally
hopeless if the pericardium 15 not draned although recovery may take place
under surgscal treatment

Smce the introduction of sulfonanude and pemcilhin therapy pneumo-
coccus pericarditis, which formerly was uncommon, has become extremely
rare However, 1t 1s not unlihely that unrecogmzed subchmecal cases are
occurning and recovering without surgical dramage May not some of these
cases form the background upon which subsequent constrictive pericarditis
will develop?

VIRUS PERICARDITIS

With increasing mterest m and prevalence of virus infections 1t has
become evident that some cases of acute pericarditss hitherto regarded as
of unknown ongm and probably 1n many instances called rheumatic are,
1 fact, due to a virus infecton This may be a complication of a virus
pneumonta or may occur without any sigmificant involvement of the lung
parenchyma There may be a conconutant pleuritis with or without pleural
effusion In these cases the customary pericardral friction sound and other
findings previously descnibed including possible changes i the electro-
cardiograms will be found Because of the precordial pan, percardual fric-
tion, shight fever and abnormaliies 1n the electrocardiograms the condition
may readily be confused with acute coronary thrombosis These cases do
not show evidence of valvular 1 d wk i

an, oceur
are never purulent The course of the illness may be polycyche with remus-
sions and reappearance of the pericardsal friction and even 2 new per-
cardial effuston 1 have seen mstances m which three such cycles took place
over the course of a few months The prog: 15 g 1 and
complete recovery 1s to be expected Treatment 15 symptomatic unless
preparations hike aureomycmn will prove effective
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TUBLRCULOUS PERICARDITIS

Tuberculous penicarditis 15 very rare 1n general practice Its mechanism
and development are quite stmlar to tuberculous pleurssy In both condi-
tions the process may be dry or fibrinous, or a serous or serosanguineous
effusion may be poured out and adhesions may develop Tuberculous perr-
carditis, however, 1s a much more serous complication of tuberculosss It
1s always secondary to tuberculosis of the pleurae, lungs or mediastinal
glands The dagnosis of this condition m the early stages will depend
almost entirely on the detection of a to and fro pericarcial friction rub as
m other types of acute pencarditis There will be no evidence of either
heart muscle disease ot of valvular disease, for the heart proper 1s very

fi y to the t fe The striking charactenistic of
tuberculous pericardins 1s a tendency to large percardial effusions and 1t
15 the one condttion that may require repeated tappings The exudate will
be found to be stenile on ordinary bactertologic examination, just as occurs
1 rheumatic effusions Here, on the other hand, mnoculating some of the
flud 1nto a guinea pig may prove that 1t 1s tuberculous or occastonally the
tubercle bacill: may be found on staining part of the fluid or on culrure
thncvcr alarge effusmn 15 found (800 to 1200 cc ) espccxally if thcrc 153

for 100, tuberculosis should be
are apt to be larger than 1 rheumatism bccnuse they are poured out slowly,
allowing the heart and pencardial sac grad to

to the mcreased pressure, and because the heart 1self 1s not dxseascd In
rheumatic pericarditss, the reverse 1s true The accurnulaton of the flud
15 more raptd and either the heart muscle or the valves are generally affected
‘The heart then would have failed before such extensive effusions as occur
1n tuberculosts could have been poured out

Tt 1s quute likely thar many cases of tuberculous pericarditis are unrecog
nized, run a mild course and heal thereby formung the basis of chromc
constrictive pertcarditis in later years In some imstances evidence of con
strictive pericarditis may develop vithin a few months after the first detec-
tion of acute pericardiis There may not be a large pencardial effusion and
what flwd there 15 may be pocketed and not free

Although 1n the past there was no specific treatment for this condition
except for the occasional need for pericardial tap now streptomycin or
similar antibiotics would be mndrcated In fact, successful use of snstillations
of streptomycin mnto the pericardial cavity have been reported

PLERICARDITIS WITH CHRONIC NEPHRITIS

Pencardits 1s a very common complication of chronic nephritts Its exact
nature 1s not altogether clear Although it may be due to a ternunal infec-
tion, 1n some cases bacteriologic examipation of the pertcardium and pent
cardial fld at autopsy shows no evidence of any infectious organusms In
other cases, streptococct are found More likely 1t 1s purely sascular i
ongin and sumifar m 1ts mechanism to the ulcerations tn the bowe] that
are frequently found in cases of uremia It develops insidiously 1 those
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who have advanced chronic nephritis with marked mitrogen retention
There frequently 1s a shght fever and leukocytosts with the pencardins
These need not be present The disease may be entrely pamless The diag-
nosts will rest on the finding of the pericardial friction rub It 15 only 1m-
portant from the pont of view of prognosis for 1t denotes quite decidedly
that the end 15 near Out of twenty four cases of pericarditis and nephritic
that I once studied, 1n twenty three instances death occurred within three
weeks The other patient was practically mortbund when he was last seen

More recently one patient survaved four months after the friction was first
detected Pericarditis sometimes develops 1 an ambulatory patient who
has advanced chronic nephntts and even here it mdscates that a fatality 15
to be expected within one month There 15 10 therapy whatever that can
be offered for thus condition, for 1t 1s the underlymg nephntis with its
uremic mamfestation that 15 the real problem Whle following a patient
with advanced chromic nephritss, 1t 1s important to watch for acute peni~
cardiis purely as an aid i estunating the prognosis, for sometimes such
information 15 needed m giving certam advice to the fanuly and patient

PERICARDITIS WITH CORONARY THROMBOSIS

A more detailed discussion of coronary thrombosis will be taken up later
(Chap 6) At this pomnt the single feature of pencarditis which frequently
develops 1 coronary th b needs to be dered Following an
attack, of partial or complete occlusion of a coronary artery, the part of the
ventnicles supphed by this vessel becomes infarcted When the process of
nfarction 15 sufficient to extend from within the ventricle to 1ts surface,
the pencardium 1s necessarily myolved At this pomt, a localized fibnnous
exudate des elops and therefore a true serofibrmous pericarditis will result
It 15 obvious that sf the infarction does not extend to the visceral pericar-
dium, no pertcarditis occnrs, or 1f the site of the lesion 1s 1 the posteror
part of the heart or over the dome of the diaphragm even if the perscardium
1s involved a friction rub mught not be audible Furthermore, the friction
rub that does develop with coronary thrombosts can be very fant and
transient, and, therefore, can easily go undetected This finding will be
more common the more frequently and the more carefully patients with
coronary thrombosts are examuned, but will not be detected 1n more than
10 to 20 per cent of the cases

Generally the friction rub becomes audible 1n one to several days after
the onset of the attack Sometimes 1t appears later when the panent 1s
already free from the agonizing pam that was present 1n the early days It
does not add any addittonal symptoms to what the patient already has and
1t does not appreciably alter the prognosis of the condition or the treat-
ment, except 1n so far as 1t ndicates a sigmficant area of myocardsal infarc-
non It 1s a helpful sign 1n making the diagnoss ;n some doubtful cases
The fact that there 15 2 fever and a leukocytosts does not mean that an
infection of the pericardum 15 taking place, for these result from the original
infarcton of the heart muscle and may be regarded as a reacuon to the
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absorption of foreign proten Only on very rare occastons 1s percardial
effuston associated with this type of pericarditis

MISCELLANEOUS FORMS OF PERICARDITIS

We have just discussed the stx most common conditions 1z which m-
flammation of the perrcardium takes place There remains a heterogeneous
group of condsttons 1 which the percardium may become the site of -

or of the I of flud Any generahzed sepsis may
localize 1n the penicardium It 1s then Likely to be a termunal event There
15 one type, not extremely rare, n which pericardiuis due to streptococcus
mnfection occurs with the development of a purulent effusion This really
1s a part of a more general streptococcus mnfection and 15 expecrally asso-
crated with an antecedent sore throat There are also instances of acute
penicarditis that may be called :diopathic for they do not fall into any of
the forementioned groups They present the picture of an acute infection,
possibly virus 1n onigin, do not produce empyema, show no sugmata of
rheumatism, but may resemble acute coronary thrombosis because of the
chest pan and the presence of munor elecrrocardiographuc changes Ths
condition runs a favorable course and recovery ts complete This has been
covered in the discussion of virus penicardins Furthermore, 11 any cachec-
tic state such as advanced carcmoma leukerma or permicious anemia, when
the red blood cell count 1s extremely low, flud may accumulate 1o the pent
cardsal sac as 1t does mn other cavittes of the body This was quite common,
1n the days before liver was used, durning the termmal stage of pernicious
anema A nonbactenal type of penicarditis has been recogmzed as a fre
quent pl of lupus erytt a cond
which may sumulate rheumatic fever very closely Hydropenicardium 1s
also a common complication of advanced myxedema Finally flmd not
mfrequently collects 1 the pericardial sac 1n cases of generalized anasarca
from circulatory failure Here 1t 15 a part of the process of edema which
produces ascites, hydrothorax and hydropencardium When flurd accumu-
lates 1n the penicardiurn with heart failure or 1n advanced anemuc states, 1t
15 really not due to an mflammation of the pericardrum, but 1s rather a
serous transudate Its diagnosis and treatment will be taken up under the
discusston of perscardial effusion

PERICARDIAL EFFUSION

Flud may accumulate 1n the penicardial sac m the form of an exudate

lng from infl 10n of 35 a t lting from alterauon

m the cu'culaucn of the blood The latter type can properly be called
hydropericardium ‘The diagnosuc cntersa for the presence ot fluid 1n the
pencardtum are essentially the same no matter what type of flud 15 1n-
volved Accumulation of less than 200 or 300 cc m an adult produces such
mminor changes that 1t cannot be d d climcally The only cond m
which st would be important to recogmze such a small amount of flud 55
when there 15 empyema of the pencardium such as may occur 1n pneu-
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moma Here if there 1s some reason to suspect 1ts presence, the flurd should
be sought for by an exploratory puncture
As the amount of fluid imcreases, certam physical signs may develop
The area of cardiac dullness enlarges The change 1n the outline of the
heart from day to day 1s important, for the actual mcrease 1n the dimen-
stons 1s more sigmificant than the fact that at any one time there 1s enlarge-
ment of the cardiac area A physician who observes the patient from day
to day should, therefore, keep accurate data as to the position of the borders
of the heart Dullness on percussion will extend outward to the left,
although the apex 1mpulse may rematn 1n the same posttion and, m fact,
move gradually mward The presence of appreciable dullness to the left
of the impulse 15 a valuable sign More important still 1s increasing dullness
1n the left upper region of the heart This normally 1s made out at the third
mterspace or third nib, but in pencardual effusion 1t may extend as high as
the second interspace or even higher Submanubnal dullness also increases,
and the right border of the heart extends outward so that with large effu-
s1ons 1t may reach the right nipple line Some years ago, 1t was thought that
an obtuse cardiohepatic angle was a very valuable sign of pencardial effu-
sion It has been proved by expeniments on cadavers and by careful ¢ ray
examination of living patients that this 1s not generally true I have with-
drawn as much as 900 cc of flmd from the pericardial cavity of patents m
whom an x ray had shown that the cardiohepatic angle was sull acute The
general contour of the heart as a result of the effusion becomes more glob-
ular and the base of the heart which 1s made up of the aorta and the great
vessels becomes less elongated, and more rounded to conform with the
general spherical configuration of the entire shadow As has been men-
tioned, 1n rheumatic cases there may be evidence of atelectasss of the left
lower lobe of the lung The left lobe of the hiver s thought by some to
descend as a result of pertcardal effuston I have not found this sign of
much practcal value, for even 1if the hiver 1s palpable 1t may be the result
of hepatic engorgement and cardiac farlure rather than as a specific down-
ward displacement produced by the pericardial effusion
On auscultation, the heart sounds may be found to be muffled and dimin

1shed 1n intensity It 15 often thought that 1f fimd accumulates 1n the peri-
cardium, the pencardial friction sound disappears This 1s by no means
necessarily true, for frequently large effusions will be seen with the per-
sistence, of a Joud to and fro rub It has been quite definutely shown that,
1m some cases of pericarchal effusion, there 1s a true pulsus paradoxus Here
the pulse, which 15 already small, may duminish markedly or actually disap-
pear with mspiration  Pulsus paradosus has been observed 1n cases of
penicardhal effuston and found to disappear with the removal of the flind,
only to return when the flud reaccumulated An interesting observation
1n this regard was made some years ago showing that most normal indi-
viduals mav make the pulse disappear the radial artery by throwing the
clavicle backward ennrely mdependently of the respiratory cycle By ths
rmanspulation, the subclavian artery 1s compressed, obliteranng the pulse
wave to the arm  With normal mspiration, the clavicle 1s thrown backward
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to some extent This mech 15 probably m a ble for

the production of pulsus paradows The other clinzcal fmdmgs that a
patient with pericardral effusion may present are those that are more mt-
mately associated with the underlying disease such as theumatism, pneu-
momnia, leukemia and the hke

X-rav exammnation serves as a most valuable aid 1n this diagnosts In
general, 1t confirms more accurately the heart outlines, and gives a better
picture of the pecultar globular shape taken on by the heart shadow A
further pomnt that 1s obtained 1n this way 1s the lack of demarcation be-
tween the left auricle and left ventricle which ordinanly 1s made out either
fluoroscopically or by flat x ray plates On fluoroscoptc exarmunation, the
mdndual contractions of the vanous chambers of the heart are difficult
to distingtush, and imstead ndistinct wavelike movements are seen at the
outer portions of the heart The configuration of the heart wall also change
matenally if two plates are taken, one with the patient recumbent and one
upright The shadow at the base of the heart will be found broader 1n the
former than in the latter Angiocardiography, mmvolving the mjection of
opaque medium to visuzhze the cavities of the heart and the great vessels,
can ehat very definite evidence of penicardial flurd There will be a large
area between the opaque medium within the ventnicles and the outside
border of the pericardial sac Although < ray evamunation 1s extremely
helpful, 1t 13 by no means mfallible The differential diagnosis generally
consists 1 distinguishing a pericardial effusion from a grossly enlarged or
dulated heart Ths 1s occastonally quite dufficult and at tmes the only proof
will come by malung an exploratory puncture of the sac

Pericardial Tapping

The question now comes up when and where should we perform a pen-
cardial tappmg?® The vast majonty of cases with rheumatic pericardial
effusions should not be tapped since they so frequently do well 1f left alone
If there were no risk 1 tapping the pencardium and 1t were as simple a
procedure as a puncture of the pleura 1t probably wonld be helpful in
shorterung the 1liness of many patients with rheumatic pericardal effusion
but there 15 danger of an immediate fatality The danger does not consist
merely of prercing the heart In the experimental antmal heart s blood
may be obtamed repeatedly by puncture without any deleterious effects
Another danger lies 1n piercing one of the coronary vessels These Lie very
superficially just below the visceral pericardium and have no supporting
uissue covering them I one of these vessels 1s punctured there may be a
continuous gradual coze with a fatal hemorrhage into the pericardial sac
I have seen two mstances 1 which fatalittes occurred There are times,
however, where tapping a rheumatic patient 1s indicated and may possibly
be life saving If the general condition grows worse, the stage may be
reached when tapping seems safer than allowing the flaid to remain Ex-
actly how to estimate thus point 1s difficult to describe, and will depend
more upon judgment and general expertence than upon any single indica
tion If the systolic blood p 15 stilt d sat ly 1t 1s
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generally safe to delay It 15 surpnising how extremely sick such a patient
may be and recover satisfactonly without tapping
There are various sites for performing a pericardral puncture Different
physicians prefer different procedures and I judge that 1t 1s a matter of
custom rather than that one method has any advantage over another The
method I prefer 15 to go mn at the fifth left interspace, just inside the border
of dullness and outside the apex impulse It1s well to cocarmize the skin at
this point The needle 15 mnserted inward, backward and slightly upward
One should select a trocar with a dull point to avord unnecessary scratching
and piercing of blood vessels It should be pushed 1 slowly and 1t 15 better
to have 1t attached fainly intimately to a syringe rather than to a suction
bottle, for 1t 1s then more easily manspulated, and by frequent trals with
the plunger of the syringe, one can more quickly and instantaneously tell
when fluid 15 obtamed If the needle 1s pushed in very gradually, applying
frequent suction, flurd may be obtamed even without ever feeling the pulsa-
uons of the heart If these are felt with the tip of the needle, 1t should
immediately be shightly withdrawn and sucuon continued When flutd 15
obtamed, 1t should be removed slowly and as much should be taken out
as comes freely It 1s not wise to spend time looking for flmd if none 15
obtamned at the outset, because 1t 1s this aumless exploration which may
prove disastrous The danger m the puncture 1s greater 1f 1t turns out that
there 1s no pericardal effusion than 1f a large amount of flmd 1s present
Another method for penicardial puncture 1s the so-called “Marfan s
procedure  This consists of inserting the needle just below the lower
border of the ensiform cartilage, going upward, backward and mward
This avords the perntoneal cavity and enters the pericardium from above
the diaphragm Another method 15 to reach the pericardial sac from the
right of the sternum, inserting the needle 1n the fourth mterspace about
1 inch from the right sternal border Fnally, some chimcians prefer to
puncture the perrcardium from behind and insert the exploratory trocar
below the angle of the left scapula On one occasion I removed 500 cc of
flmd from the perscardium by this last method after no flwd had been
obtamned by exploring through the fifth left interspace In general, 1t may
be said that tapping the pericardium should be regarded as a major pro-
cedure and should not be undertaken except after the most careful consider-
aton
In cases of rheumanc effusion, 1t 1s practically never necessary to tap the
pericardium more than once On occasions, however, within a day or two
after the tappmng, extensive effustons will develop 1n the left pleural cavity
It 15 not unlikely that when this occurs, the flud actually continues to be
poured out from the pericardum through the hole made by the trocar into
the pleural space I have seen two mstances where this occurred, and durmng
¢his tume the patient seemed temporanly 2 good deal worse than before
the pencardium was tapped In cach 1ostance, marked mmprovement re-
sulted after tappmg the pleural cavity and removing about 2 liters of flud
“Tuberculous pericarditis wath effusion frequently rcqmcf'repeared tap~-
pings 1 contradistinctton to rh 1c pericarditis F results have
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been reported from the remjection of air after the removal of the flud It
has been recommended that when this 1s done, the volume of air imjected
should be about half the volume of flurd removed A more promusing
method of treatment would be the use of streptomycin previously dis-
cussed In hydropericardium occurring m cachectic conditions or with
advanced cardiac failure, there 1s hittle to be gamned by tappmng the pen-
cardium It 1s concervable that under certamn circumstances, the patient s
hfe may be shghtly prol d by rel g the p on the heart pro-
duced by a tense pencardml sac, but unless there 15 hope that the under-
Iying condition may be mmproved subsequently, the relief wall be only very
brief The finding of bloody flnd 1 the pencardium, not produced by
trauma, should make one think of a neoplasm of the penicardrum

CHRONIC CONSTRICTIVE PERICARDITIS

The type of chromc perscarditis now to be discussed, 1e, constrictive
pericarditis 15 of particular importance because 1t 1s amenable to surgical
treatment As a result of some previous mfection or inflammatory reaction
1n the pencardium a slow progresstve fibrosis results, often with consider-
able calafication, that produces a constnicting influence on the movements
of the heart In the course of months or years the heart may become greatly
embarrassed so that 1t 1s unable to expand or dilate properly It 1s obvious
that 1f the night side of the heart 1s prevented from performing an adequate
diastole or dilatation, 1t cannot receive the normal amount of blood It
follows, therefore, that the heart cannot expel an adequate amount of blood
n any given period of time, for 1t cannot propel more than 1t recesves The
result 1s a decreased cardiac mnute output Because of the mmpediment to
a free nflow into the right heart the venous pressure or back pressure
ncreases Thus affects the superior and inferior venae cavae as they both
empty 1nto the night auricle The pressure 1n the pulmonary vessels may
not be affected unless the restriction 1 the motions of the left auricle and
ventricle 1s greater than that of the nght, which 15 not usually the case
The disturbances 1 the dynamics of the circulation just mentioned take
place 1rrespective of whether the ventricles are capable of normal systohc
contractions or not Even if there were no other abnormalittes, such as
myocardial valvular or hypertensive disease, and the heart were otherwise
perfectly normal, pericardial constriction would necessanily produce these
changes There often 1s another disability resulting from these penicardial
scars that makes 1t more dufficult for the heart to contract after 1t has dilated
The pertcardium may be bound down to neighbortng firm structures such
as the nibs, and the work of the heart thereby increased Thus handicap 1n
contraction 1s much less important mn cases of constrictive pericarditis than
15 the difficulty 1n expansion

The etiologic factor in tius condmon 15 not always discermble A large
number of cases are due to tut some to a hyl cus and
others to a pneumococcus infection Other undetermined infections, origi-
nally minor 1n nature, may prove to be the cause of some of the cases that
at present have not been classified It 15 quite evident that in many cases
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no definute past hustory of acute pencarditss can be elicited 1f the preumo-
coccus and streptococcus have been playing a frequent etiologrc role m
the past, realizing that such types of acute pericardiis formerly were very
fatal, 1t may be predicted that with current anubsotic therapy, m many
more acute cases recovery will take place and possibly form the background
for a larger number of chronic cases of pericarditis in future years A most
mmpressive fact in considertng etiology s that theumatic fever, such a
common cause of acute pencardatis, 1s practically never the cause of chrone
constrictive pericarditis However, I have seen one patient with constrctive
penicardins who was considerably simproved by surgery for about ten years,
who showed defimite theumatic mitral stenosis at autopsy

Symptoms

Let us now consider the symptoms and chmical findings 1n constrictive
pericarditis Such patients may complain of weakness, shormess of breath,
abdomunal distress and, later, swelling of abdomen and legs The amount
of embarrassment that will be present and the seventy of symptoms will
obviously depend on the degree of constriction around the heart and the
stage at which the patient 1s being observed In general thete are two types
of conditions that 1t mught imitate and with which 1t 15 often confused
Because of breathlessness, fatigue and cardiac findings, 1t may resemble
the other more common forms of heart disease and because of the enlarged
Iiver and possibly ascites 1t may erroneously be regarded as cirrhosis of
the Iver

Diagnosis

Physical exammanon of the heart often reveals nothung abnormal The
thythm 1s generally regular, although 1n a small number of panents auricu-
lar fibrillation may be detected Gallop thythm 1s not uncommon No mur-
murs are present or only a shght systolic murmur may be heard Occaston-
ally a famt, prolonged third heart sound 1s audible at the apex resembling
a famt murmur of mitral stenosts The absence of other evidence of mutral
stenosis, such as a dilated left auricle and an accentuated first heart sound,
should enable one to distngwsh the two conditions The heart 15 quiet
and mactive The customary apex impulse 1s absent or feeble One of the
most signuficant findings 1s the absence of any marked cardiac enlargement
In almost all other forms of congestive heart fallure (with which thus 15
confused) the heart 1s enlarged This 15 best determmed by x ray examna-
tion, which 1s discussed below Ihe blood pressure 1s almost always within
normal liruts or lower than normal and the pulse pressure tends to be de~
creased The pulse 1s small, somew hat rapid, and frequently shows a pulsus
paradoxus ‘The latter finding consists of 2 marked diminution or disap-
pearance of the pulse with inspiration, and can be eliaated by palpation of
the radial artery, or better stll, while ausculung dunng blood pressure
determunanon

The liver 15 always enlarged and generally palpable, and 1n later stages
ascites may develop In cases of long standing, repeated abdomunal taps
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may have been performed For a considerable time pertpheral edema 1s
likely to be absent but eventually swelling of the legs will appear Probably,
as a result of th i d hepatic congy may be
present and thxs nturn helps to produce 2 stubbnm form of edema Unlike
other types of heart disease, constricuve pericardius 1s characterized by
breathlessness only late m the course of the disease and paroxysmal dyspnea
or orthopnea does not occur The pulmonary findings may, therefore, be
mconspicuous, unless evadence of pulmonary tuberculosis 1s present
Eventually, however, true congesuon of the lungs and even hydrothorax
may appear The electrocardiograms may be of Jow amplitude and often
show flattening or mnversion of the T waves in Leads [ or IT

The venous pressure 1s increased Ths 15 detected by noting the disten
tion of the cervical veins while the patient 1s sitting upnight or 1n the semi
recumbent position, when normally the vemns ought to be collapsed, or
finding distended veins on the dorsum of the hand or forehead Venous
pressure 1n the arms should be determined and will always be found ele-
vated, generally over 200 mm Ths increase 1n venous pressure will also
be found 1n any case of right sided heart failure, no matter what the cause
may be, and especially 1n tricuspid ffi or stenosis The stnking
pont m constrichive pericarditis 1s that the venous pressure ts elevated when
the other evidences of heart failure are not very impressive, 1t remains ele-
vated even after vigorous methods are employed that are ordinarily helpful
1n cases of heart disease Finally the pressure both in the veins of the arms
and legs 15 elevated, whereas 1n cases of cirrhoss of the liver with ascites
or 1n some other abdomnal condinons the increase n pressure will be
confined to the veins of the legs

An 1teresting alteranion 1n the d of the 1¢ 1s d
1n the minute output of blood What 1s even more significant 1s that whereas
a normal heart can ncrease 1ts output per munute five or tenfold with
physical effort here the mechanical handicap prevents any such response
This explans the fact that these pauents may be comfortable at rest but
become markedly fatigued on effort or actually find 1t impossible to do
very much physically

The « ray findings are often of primary importance 1n the diagnosis of
constrictive penicardius On fluoroscopic examination the heart beat 15
found to be quiet The movements of the cardtac borders are dimmmshed
Ths decrease in contraction of the cardiac chambers, although visible to
some extent throughout the heart, 1s often more marked over certain areas
Careful search should be made particularly 1n the region of the night aunicle
and ventnicle for ths 1s the favonte site for fibrotic plaques to produce
constriction Kymograms may furnish permanent records of the actual
amphtude of contracnon of the cardiac chambers and serve for companson
1n Judging postoperanve results Furthermore 1n many instances, caleifica
tion of the pericardium even to an amazmg degrcc may be detected In
some cases, especially those due to tut of the pleura
may also be found It was previously stated that the heart 1s not mlarged
That 1s certanly the general rule, but oc y because the p
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15 50 thick, or because of pockets of fluid, the cardiac silhouette may be
increased Although the s-ray findings are very valuable in detecting disease
of the pericardium, whether or not the condition causes constriction of the
heart must depend on other observations, especially the increased venous
pressure, for there are instances of marked pericardial calcification 1 which
the dynamucs of the heart are not disturbed

Once the possibility of constrictive pericarchis has been considered, the
foregong features and exammations enable the physicran to make the
diagnosis These cases are often not detected because the condition 1s not
thought of and will be confused with two general groups of other cases It
15 among patients who are regarded as having heart failure, 1n whom the
ordinary causes are lacking, 1 e , hypertenston, coronary sclerosis, valvular
disease, hyperthyroidism, etc  or who are thought to have cirrhosis of the
lwer, that constrictve pericardins wall be found

Another aid 1n ciagnosts 1s the response to medical treatment Whereas
most cardiac patients with congestive farlure improve on rest, digitalis and
diuretics, pauents with constrictive pencarditis only occasionally show
any appreciable response The venous pressure may fall shightly but will
remamn distinctly above normal despite all efforts In ths respect the con-
ditson resembles tricuspid stenosis, from which st can be distinguished by
the absence of any valvular disease or marked cardiac dilatation

One may repeat that constrictive pericarditis needs to be sought for among
patents who, generally 20 to 45 years of age, appear to have some form of
heart disease or cirrhosts of the liver, who have a small, shightly rapid, often
paradozical pulse, generally regular in rhythm, although occasionally
grossly irregular, who have no hypertension, sigmificant murmurs or car-
diac enlargement, and who always show an increased venous pressure and
an enlarged liver

Treatment

The treatment for patients with this condstion 1s surgical Some tempo
rary improvement may tresult from medical management, mamly from
druretics, restriction of salt and flud intake Digitalis 15 rarely of value and
may aggravate the condition When the protemn content of the blood 15 low
a hugh protemn diet should be given and infusions of plasma may be helpful
I h as the fund 1 problem 15 hamcal, surgical resection
of the pericardium (Delorme s operation) 1s the only satisfactory means of
relief The surgeon should be one especially expert m cardiac surgery
for the operation 15 difficult and not without sk Owing to the work of
White and Churchdll, Burwell and Blalock, Cutler and Beck, and others,
sufficient progress has been made so that operauve results are now very
satisfactory Some patients are actually cured and many others are con-
siderably reheved A few are no better because the mvolvement 1s too
extenstve and the surgeon 15 unable to free enough of the heart to permat
adequate expansion Rarely the lung 1s sumlarly bound down to the thorax
so that respiratory falure continues despite 2 satisfactory restorauon of
cardiac mobility Occasionally secondary operations are necessary because
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sufficient relief does not result following the first attemnpt Finally, the
physicran should be patient 1n appraising the operative result Although
some subjects may make a dramatic recovery m a few Weels, others show
little gain for many weeks or even months and yet finally make satisfactory
recovery

In performng the operation due regard must be pad to the eventual
dynamuc relations of the circulaon If the right side of the heart 15 freed
of constrictions and enabled to fill normally and the left ventncle remamns
bound down, the siruatton may be no better or even become worse than 1t
was before Now, added pulmonary congestion may develop because of
the mabihity of the left ventricle to recene or expel 1ts quota of blood In
other words the dissection must be carrred out so that a balanced state of
the circulation results In fact 1t would seem wise to free the left side before
the right so that even dunng the operation acute pulmonary edema mught
te prevented One need hasve no fear of the ability of the heart to take care
of the mncrease 1n work, since, 1 cases of constricuve pencardins under
discussion, the heart muscle can be regarded as essentrally normal Finally,
1t 1s of mterest to know that when mmp: or cure 1s ob ditis
mamtamned Follow up studies so far have shown that constriction does
not redevelop, at least for the years that these patients have been
observed

CHRONIC NONCONSTRICTIVE PERICARDITIS
{ADHESIVE PERICARDITIS MEDIASTINOPERICARDITIS)

Tre details of the devel of chromc pencarditis
are meagerly understood It1s fair to assume that the condition 1s the result
of asingle or of repeated mfection of the pericardium What 1s not known 15
whether recovery 10 any mdividual case of acute pencarditis takes place
with or without subseq dh One pt may see a patient
with acute pencarditis and twenty five years later another physician sees
the same patent with heart fajlure At this ume if chrome pencardius 15
present 1t rarely 15 chscovered or 1f 1t 1s correctly diagnosed the past hustory
of acute pentcarditss 15 not known We have very lirtle rehable data from
whuch to ascertamn the frequency with which any one of the primary causes
of acute pencardius produces chrome penicardins The complexity of the
problem 1s ncreased by difficulties 1 diagnosis There 1s reason to suspect
that while infectuion with the tubercle bacillus the pneumococcus staphyl-
ococcus, and possibly the streptococcus are responsible for chromic con
strictive pencardius (discussed n the preceding pages) these same mfec
nons may account for other cases of chromic pericarditis that are noncon-
strcting However, when there 1s also chronic valvular disease wath chronic
penicarditis 1t would appear that theumatic fever 15 the mamn enologic
agent Furth 5 1t 15 of considerable mterest that such rhenmatic cases
neyer produce the picture of constnctive pencardius

From a chimscal pownt of view cases of chromic nonconsinctve pencarditis
may be divided mto 13%0 groups 1n one the subjects are symptomless and
1 the other there 1s sigmficant heart disease and eventually heart fadure
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serositis On postmortem examnation the penicardiuim was found to be
perfectly normal, the heart was enormously enlarged and dilated, and there
was stenosts of the mutral, aortic and tricuspid valves This well rllustrates
the dsfficulties i diagnosts

Treatment

As has been indicated, the importance of accurate diagnosts of chromc
pencarditys of the constricting type 1s great because surgery offers the only
effecuve treatment This 15 not true of chronic nonconstricive pericardites
or chronic adhesive pericarditis For the most part, this conditron occurs
m pauents having rheumatc valvular disease and enlarged hearts They
suffer from cardiac disabilines that are not particularly the result of the
adhestons Such patients would be recewving treatment for heart failure
anyway and 1 most cases the treatment would be no different even 1f 1t
were hnown that adhestve penicarditis were present

Many years ago Brauer devised an operation for the relief of chronic
pericarditis which he called cardiolyss* At that time the essential differ-
ences between the constricting and nonconstricting aspects of pericarditis
were not so well differentrated as they are today The procedure consisted
of removing several ribs and a portion of the sternum over the precordium,
thus permutting the heart to tug away at fleuble soft tssue rather than at
an unyielding bony chest Thus operatton did not necessitate the explora-
tion of the perscardium and heart Although carrying much less nisk than
the Delorme operation, 1 which the heart itself needs to be explored, 1t
1s performed very little nowadays It can do no good for constrictions that
may be present Its only effect would be to dimmtsh the work of the heart
1n 1ts contraction or to give an enlarged heart a little more room, serving
a5 a decompression of the chest Inasmuch as the penicardmum 1s not ex-
plored, the p of pericardial adh 15 not confirmed by the opera-
tion Some pattents appear to have been improved by this operation and
1 a few of these who were subsequently examuned post mortem no per~
cardial adhesions were found Improvement could then only be ascribed
to a decompresston effect on an enlarged heart




Angma Pectoris and Coronary Thrombosis

ANGINA PECTORIS

Angina pectors 1s a distinct chmical entity in the sense that when properly
understood 1t can be diagnosed accurately, the subsequent course of the
disease can mn a great measure be predicted and the type of pathologic
changes 1n the heart at autopsy can be foretold The likelhood of sudden
death 1s a necessary corollary of the term ‘angina pectoris  In addition,
one may egpect certan measures that are helpful in some heart conditions
to be comparatnvely useless in angina pectoris and other means not ordi
narily employed to be of benefit For example, mtroglycenn may reheve
an attack of angina and have no influence on the precordial pain of cardrac
peurosts or mmtral stenosis It, therefore, becomes imperanve to 1solate
from among those pauents who suffer from chest dustress the ones who
have true angma pectoris

A patient esther has or has not angina pectonss There 1s no room m this
discussion for terms such as pseudo-angina, false angina, juvenile angmna
and anginoid The use of such terms has served to spread confusion and
to distort the truth It may be proper to call a condsuon pseudo angina 1f
the s logy 15 quite ch 1suc of angina and yet one infers that
there 15 Do true angmal element whatever 1 the problem Furthermore
theterm muld angina 15 often equivocal If the terms mean that the com
plamnt 1s not very troublesome 1ts use 15 proper, but 1t must not be inferred
necessanly that the disease 1s muld or tnivial An anginal patient with only
mild complamts may be dead of heart disease 1n a few days, for the under-
lying process may yet be grave

Much of the confusion concerning angina has resulted because of the
Jack of umiformuty 1n the explanatons of the mechamusm of the attacks that
charactenze the disease and 1 the underlying etology So divergent have
the hypotheses been that one authority has insisted that angima has nothing
to do with the heart and 1s only the result of disease of the aorta, another
has maintamned that 1t 1s due to spasm of the coronary artenies a thurd that
st1s due to heart fatigue and a fourth that 1t 1s a neurosss Although 1t 15 not
proposed here to discuss the various theones concermng angina pectoris,
one thesis propounded seems to be worthy of mennon It has been sug-
gested that the invarable mecharusm which causes an attack of angina 1s
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anoxemia of the myocardium no matter how brought about Ths can
explan the overwhelmung frequency of angina pectorss m disease of the
coronary arteries Italso accounts for its occurrence i some cases of anemia
with comparatively normal coronary arteries, for here anoxemua of the
heart might well result from lack of hemoglobmn It also accounts for the
disappearance of angmna 1n some cases of thyrotowicosis when the demands
on the heart are decreased by d hing the body ibol There are
many other features of angina that this hypothess satisfactortly explains
which other theones do not and I feel that at present 1t 15 the one most
worthy of our consideration

Euologic Factors

Although there 15 no smgle speafic organic cause of angina pectons
there are numerous etiologic factors which are defimtely related to 1its
development It has generally been known that 1t occurs m males more
frequently than i females, the proportion bemg about three or four to
one Ths disproportion becomes all the more 1mpressive when 1t is appre~
ciated that hypertension 1s more frequent in females than 1 males It at
least throws some doubt on the significance of hypertension per se as an
etiologic factor Probably the most important etologic factor 1s heredity
There 15 a strong tamihal factor m angina pectorss All practunoners who
have treated members of the same famly over long periods of years have
noted that there are families with a tendency to sich headaches, others that
are neurotic, some with a tendency to asthma and still others with a hability
to earlv death from one or another form of cardiovascular disease I have
seen three brothers all of whom died of acute coronary thrombosts during
the sixth decade of their lives It cannot be mere chance that three members
of the same famly should die of the same disease at approximately the same
nme of ife It seems as if the onginal ussue or structure that such ind1
viduals have at birth must be peculiar, so that ordinary wear and tear does
more harm to certan vessels than 1s the case 1n other people It 1s not alto-
gether too fanaiful to concerve that the anatomic configuration of one of
the coronary arteries may be shghtly different, so that with the repeaung
contractions of the heart muscle one particular part of the vessels réceves
undue stran or tenston Even a very shghtly exaggerated bend n the course
of a vessel could easily account for 1ts premature degeneranon This pecu-
Lanity would readily be mherted just as are queer configurations of the
lobes of the ears and other structures It would also explamn the decided
susceptibility to occlusion of one special portion of the left descending
coronary artery, about 2 cm from its otigan. In support of the 1dea that the
mherited type of the coronary arteries may be of 1mportance 1s the recent
work of Dock He has found that 1n the male sex, from infancy on, there
are more extension areas with thicker layers of endothehal ining than i
the female Thas 15 the first light to be thrown on the sex discrepancy
angma May 1t niot be that those who are born with a greater degree of thuck
endothelum develop more atheromatous changes 1n these areas® Another
possible explanation of this famlial factor of angina pectons and 1ts pre-
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dominance 1 the male sex 1s that the pecubanties in the structure and
function of the endocrine system which we mhent may be the basis of
premature artertosclerosis

As a corollary of the hereditary influence there 1s 2 distinct constrtutional
type of imndividual who 1s particularly suscepuble to angina pectonss I refer
to the well set, strong man who 1s shghtly overweight and who has been
especially healthy all of us hife So often these pauents boast of their previ-
ous good health and remark that they never had a sick day in thurty years,’
and that they “could do the work of two men  They have been physically
stronger than the average, even when their daily activities did not require
them to use that strength The forearms of these individuals are muscular,
round and the shin fits snugly over their muscles 1 contrast to the flat-
armed type It 1s very stnking that angina 1s quute rare mn the undernour-
1shed and n those who have been sickly for years It selects the vigorous
rather than the weak From an anthropologic pomt of view 1t 1s most com-
mon 1n the ph ( lar), less 1n the end ph (fat)
and least common 1n the ectomorph (thin)

The average age of patients with angina pectorss when the disease first
mamfests 1tself 1s about 56 for males and about 58 for females There are
a few young mndividuals even 1n the second and third decades with angina
who suffer from aortic valvular disease This relation will be discussed 1
great detail later Even apart from these exceptional instances, angina 1s
not extremely rare mn the fourth decade and I have even seen an instance
of typrcal angna pectons followed by acute coronary thrombosis in a young
man 24 years old, and one 1 a woman of 22 who subsequently went through
pregnancy successfully It seems to be occurning m younger mdividuals
than was observed a few decades ago

When conditions such as Buerger s disease hyperthyroidism and aortic
valvular disease, to be discussed below are not present, young anginal
patients between the ages of 20 and 40 wall generally be found to have other
etiologic stigmata, such as a marked family history of vascular vulnerability,
duabetes or hypercholesteremma

It 1s the opinton of most observers that angina 1s increasing 1n prevalence
both relanvely and absolutely It 15 obvious that with the marked mcrease
1n the span of Iife that has taken place during the past century and with the
mmprovement m the methods of diagnosss, there should be a greater number
of cases of those diseases that mature 1n persons 10 the second half of ife
However, there 1s mdirect evidence to show that angina 1s actually more
common among a given number of adults than formerly Iam of the optnron
that 1ts relative and total incidence has been on the increase and that this
increase 15 real rather than apparent The reason for thus 1s very obscure
It 15 generally explamed on the basis of the stress and stram of modern
Lfe Tus sull leaves us in 2 quandary as to the actual mechamsm mvolved
Has there been some speaific deleterious influence at work duning these
Ppast decades such as the telephone with 11s terronizing clang, or the motor

car with 1ts noxious fumes or a dietary defect with an overabundance or
lack of some e¢lement, or the prevalent habit of smoking® Is 1t even due to
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a process of natural selection, those with angina being the more fit and
dynamic and propagating their kind? or 1s 1t merely the hustle and bustle
of the twentieth century? These are important but unanswered questions
In a very recent study 1t was found that Jewssh panents with coronary
artery disease died on the average at a considerably younger age than non~
Jewssh patients A simular though less striking difference was found i the
age at death of smokers 1n contrast to nonsmokers, the former dymg about
three years earlier If this can be confirmed and 1t can be shown that the
overall age of the groups studied were the same as the average age of all
patients with angina, 1t would follow that these two factors are somehow
related to the development of coronary disease
It 15 of some 1nterest that females are not only less frequently afficted
with angina but that the disease occurs on the average two to three years
later than 1t does in the males ‘The reason for this 1s obscure but the facts
are beyond dispute Thus may be one of the important reasons that the
average age of women at death 1n the latter decades of hife as shown by all
msurance statistics 1s consistently three years or more greater than that of
men If the smoking ot tobacco has had somethuing to do with this difference
1n the sexes, as has been thonght by some, 1t can be expected that in the
next few decades, a5 a result of the greater prevalence of smoking among
women, the discrepancy beyween the sexes may disappear or dimunish in
extent Artenjosclerosis 1s much less extensive in the female than in the
male sex Thus merely puts the problem 1n different words, for the reason
for thus lessened suscepubihity to sclerosts remains obscure
Among the speaific di eases that are etologically related to the develop
ment of angma pectons syphihs used to be regarded as most important It
was partcularly looked upon as a frequent cause of angina in young, people
Since the imntroduction of the Wassermann reaction 1t has become evident
that syphilis 1s an uncommon finding 1 angma 1 found 1t present 1 only
4 to 5 per cent of the cases and even in these 1t cannot always be regarded
as directly related to the angina There has been considerable confuston
between syphihitic aorutis and angma pectons The two conditions are
quite different One need but realize that the former 1s extremely common
1n the colored race whereas the latter 1s very rare, to question any important
bearing that syphilss could have 1n the development of angma There are
occasional instances i which the syphiliic process extends down the
ascending aorta and partally or pletel ludes the openings of the
coronary artertes In this way anginal distress may resule Furthermore, the
develop of aortic ffi -y tself with 1ts accompanying low dias-
tolic pressure has been regarded as a cause of angina I have considerable
doubt as to this relationship However, when there 1s involvermnent of
peither the coronary orifices nor the zortic valves, 1t 15 very unlikely that
syphults 15 responsible for angna, even when both syphilts and angina are
present In a sumilar way a small nuraber of tuberculous mdividuals may
mcidentally have syphilis wathout any relationship between the two con
ditrons It 15 smportant to bear 1n mund that syphulis very rarely produces
changes 1n the main course of the coronary artenes where the customary




Ancina PECTORIS AND CORONARY THROMBOSIS 83

atheromata are so common and that when a syphilitic has such changes 1t
does not follow that the coronary changes are syphslitic or m any way differ-
ent from those seen 1n nonsyphiliucs
A much more important disease related to angina 1s diabetes A large
number of diabetics, especrally the elderly muld ones, often eventually
develop coronary artery disease This relationship probably will grow more
common as time goes on, for insulin should prevent early death yn diabetes
and permut such individuals to live long enough to develop the vascular
changes that are so prevalent 1n this disease It1s not altogether certain that
duabetes 15 the actual cause of such angina pectors as develops for the age
at death of patients with angina pectoris and drabetes 1s essentially the same
as those without diabetes It may be that diabetes merely indicates the type
of 1ndividual who has a vascular vulnerability yust as the famuly hustory and
consututional type reflect those prone to thus disease For the most part 1t
15 the mild diabetic 50 or 60 years old, who has not required the nse of
nsulin and 1n whom the diabetes may be looked upon as one of the evi-
dences of lized artersoscl who develops anginal symp
A hugh cholesterol content m the blood (7 percholesteremma) 1s common
1n patsents with coronary artery disease Tlhus 15 particularly true of those
who have xanthomatosts of even when only solated xanthelasma lestons
are present around the eyelids It has been maintaned by Leary that diets
hugh 1n cholesterol content produce marked sclerosis of the arteries espe-
cally the coronary arteries, mn the experimental amumal Whether this
mechansm apphes to man and whether 1t can be altered by diets that are
low 1n animal sterols or by thyroid admimustration has not been deternuned
Stmlarly there are other less common diseases that are particularly asso
crated with generalized artenal changes which are etiologically related to
angina pectorts I have reference to gout, chromc lead porsomng Buerger s
disease myxedema Paget s disease and polycythenma In these conditions the
development of angina pectoris can readily be visualized as the result of
alterauons 1n the coronary arteries sumilar to changes going on mn other
vessels of the body The development of angina 1n association with Buer-
ger s disease 15 of especial interest because 1t accounts for some of the cases
of angina occurring 1n younger mdividuals m the thirties and early forues
‘The presence of aortic msufficiency or stenosis 1s attended 1 some cases
by typical attacks of angina Thus relavonshup has been explamed but not
altogether 1ly, by the foll g t The coronary arteries
are thought by some invesugators to be nourished durtng the diastolic pause
of the heart beat, for when the heatt 1s m systole the contracted muscle
forcefully occludes the vessels and prevents any flow of blood Durning the
diastolic relaxanon however, the coronary arteries are open and 1t 1s then
that the heart muscle 1s nourished Aortic insufficiency 1s frequently accom-
paned by a low diastolic pressure which results 1n a dimushed nutrition
of the heart muscle It 1s this relative 2noxema of the heart that 15 sup
posed to make 1t more susceptible to attacks of angina This mechanism
does not explam the exact prectpitating causes of the attack for the defect
of the aortic valve 15 permanent and constant, present when the patient 1s
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free from attacks Some other factor 15 requred that sets off the spark to
produce a spell of angmal pamn Other possible explanations that bear on
the relationship between angina and aortic valvalar disease were taken up
under the discussion of aoruc stenosss (Chap 4) The relationship of aortic
valvular disease and angmna explains the occurrence of the latter 1n a small
number of young mdividuals There are persons of both sexes 1n the second
and third decades of Iife with rheumatic aortic valvular disease who have
typical attacks of angina It 1s important to understand this clearly because
although such mdividuals are liable to sudden death, a charactenstic of all
cases of angina, they are apt to live many years The prognosss for duration
of Life after symptoms develop 1s generally better than in ordinary cases of
angma, because their coronary arteries are essentially normal They do not
as a rule develop coronary thrombosis but rather continue the course of
valvular disease and eventually die of congestive heart fallure or bactersal
endocarditis
‘There remam a few other conditions that need consideranon I refer to
severe anemna, by perthyrordism and parosysmal rapd feart action If a heart
that 15 otherwise competent and structurally sound 18 nounshed by blood
which contamns 20 per cent hemoglobin or less as may occur m permucious
anernia, one can reachly see that a state of relative anoxemia may exst 1n
the heart muscle The same 1schemia could result with normal vessels and
impovenished blood as occurs with normal blood and narrowed vessels To
be sure, anginal attacks are not common 11 anema, probably because there
are other compensatory mecharusms that come mto play to help nounsh
the heart and other tissues, such as an increase m the veloaity of blood flow
and in the rmnute output of the heart, an mcrease 1n the unlization of
oxygen and artersolar and capillary dilanon However, such attacks do take
place although 1t 15 to be expected that they will occur more frequently
when the anemma 1s marked and when it develops 1n an mdividual whose
coronary arterses are already showing degeneratrve changes It 15 obvious
1n these cases that the successful treatment of the anema may prove helpful
for the attacks of angina and may even make them disappear entirely Most
cases of angina occurnng with anemia really have a sigmficant degree of
coronary sclerosis 1 have seen one instance, however, i which classical
angina was d with severe refr y aplastic anenua 1 2 young
woman 32 years old who showed normal coronary arteries post mortem
This aspect of anemia and angina has been generally emphasized, but
an oppostte clinical relationshup has recewved very hrtle attention T have
seen several nstances of permcious anemua m which cardiovascular acci-
dents developed durectly after the red blood cell count returned to normal
In one such case, as the red blood count went from tw0 to five muliion
three months, the svstohc blood pressure rose from 140 to 240 with the
development of hypertensive headaches and a termunal fatal cerebral hemor-
rhage Retrospecuvely, 1t would have been wiser to duminsh the Liver
therapy and to rest content with a blood count of four mmilion, notwith-
standing the shight risk of neurologic complcations Sumilarly, several cases
of coronary thrombosis have occurred shortly after the restoration of the
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red cell count to normal 1n primary anemua One, therefore, needs to be on
guard for such exceptional complications
For quite a different phystologic reason angina pectorss may result from
active hyperthyroidism Here the mechamism 1s fairly clear, for a heart that
1s competent when the bodily demands are normal may find itself embar-
rassed 1f the basal demands are increased 50 to 60 per cent Such an i~
vidual may be compared to one who 1s forced to walk all day long The
heart agam 15 suffenng from relative anoxenua because of excessive de-
mands It 35 unlikely that 2 normal heart wail be so affected by an elevated
metabolism What 1s more probable 1s that the th diac patrents who
have angma pectoris have some disease of the coronary artertes which
requures an mncreased demand on the heart to produce embarrassing symp-
toms Here also the cure of the hyperthyrordism may ehmunate or greatly
smprove the apgmnal attacks
Finally there 15 a form of angina pectoris that can occur 1n an otherwise
healthy heart as a direct result of a sudden mcrease mn 1ts rate Any of the
forms of paroxysmal raptd heart action discussed in Chapter 13 may be the
direct cause of such attacks Although this relationshup 15 not common,
when 1t does occur 1t may offer considerable difficulties in interpretation
These transient irregulantes may result from an artack of true coronary
thrombosis and yet they can occur 1n an otherwise healthy heart and resem-
ble acute coronary thrombosis I saw a man thurty-five years ago who had
severe anginal attacks dunng bouts of paroxysmal auricular tachycardia
when hus heart rate would reach 250 and be mamtained there for hours and
days He never showed any evidence of organic heart disease remaimned n
normal health for over twenty years and only m later years has there
appeared angma on effort not associated with tachycardia The probable
explanation of the anginal pain under these circumstances 1 that while the
heart rate 15 extremely rapid the pulse pressure becomes so low that there
1s very little effective head of pressure to dnve the blood around In the case
crted above, the blood pressure for hours and days dunng attacks was
about 96 systolic and 88 diastohic The coronary artery flow must have
been greatly impeded with a resulting anocemia of the heart It 1s evident
that such paroxysms of raprd heart action can occur 1n diseased hearts as
well, but that when they occur 1 normal hearts the prognosts can be excel
lent, for the arthythmia 1s generally within control or at any rate self-
limited 1 1ts duration
The above pecuhar forms of angina pectons including those with aortic
valvular disease form only a small portion of the entire group, possibly
510 10 per cent All the others have no d anemia hyperthyrotd:
or valvular disease, and represent the type that 1s commonly met with 1n
general practice One may ask, what 1s the basic cause of the attacks in these
individuals? There have been endless discusstons and numerous theores
as to the cause of angina and the final solutzon has not yet been reached
The evidence pomts more and more to the view that anoxemua of cardiac
smuscle 15 the most important factor An observanon which supports this
theory 15 the reproduction of angnal attacks 1n patients suffering from this
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disease by the mhalation of air containing decreased amounts of oxygen
The theory of zortic orgn of anginal pain 15 losing ground and now most
authorties look to the coronary arteries for the underlymng defect I have
never yet farled to find some disease of the coronary arterses in any of my
own patients with angma that have come to postmortem exammanion, with
the exception of the few who had some other condition, such as valyular
disease or anemua It 1s concewvable that under most unusual circum-
stances even fatal angina mught occur with a structurally normal heart
Men working with nitreglycenin have been known to drop dead 1pstantlv
on slight effort after bemng away from their work for a few davs These
observations have been made by Cecil K Dnnker and lend support to the
theory that the mechanism of coronary spasm 1s a cause of angina

To be sure, there are patients who pathologically show sclerosis of the
coronary arteries in whom angina was not detected i hfe Ths, I believe,
does not nvahdate the coronary hypothesis as the ongin of angina Even if
the coronary view 1s accepted 1t 18 not clear whether the pain 15 the result
of spasm of the coronary vessels, whether 1t 1s due to the dilation of the
vessel proximal to the spasm or whether the pam sensaton comes from
metabolites that are not adequately removed from the area of relative
1schemnia of the heart Finally, a most important unsolved question 1s the
precipitating cause of an attack which occurs while the patient 1s at rest
Organic changes 1n the heart do not come and go The coronary artery 15
no less sclerosed a few munutes before than during a typical artack of
angma What tmgger mechamsm lies belund the temporary explosion®
May 1t not be the endocrine system, particularly the adrenals or thyroid
gland® Some experments I performed several years ago suggest this hypo-
thesis for 1t was found that adrenalm almost mvariably brought on typical
attacks 1n patients suffening from angina and had no such effects on control
mdwiduals The whole problem of anginal pam, although nearing a solu-
tion, still has many mysteries to be cleared

Diagnosis

The diagnosis of angma pectoris depends on the proper interpretation
of symptoms For this reason the history 1s all important ‘The panent will
complamn of a peculiar distress m the chest It 1s frequently not described
as a pam but rather as a disagrecable feeling like ‘indigestion ™ It 15 so
frequently associated with the belchmng of gas that both the panent and
the physician are only too prone to regard the condition as abdomunal m
ongin It 15 well for the physician to ehicit carefully the character and loca
tion of this complamt Too often he regards the complant as a pan 1n the
precordium when 1t 1 nesther a pam nor located over the heart Most com-
monly the location 1s 1 the center of the chest, m the sternum or just to
the left of the sternum Much less frequently 1t 15 located over the pre-
cordim and very rarely at the apex of the heart It may arse anywhere
from the epigastrium up to the root of the neck and charactenstically radi-
ates down the apms, through to the back, the neck, the jaw, the teeth, the
face or to the shoulder The radiation 15 more comymon to the left than to
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the night, but not infrequently both sides are mvolved Occasionally the
parn starts peripherally and radrates to the chest and rarely it 1s only in the
arms or back and not 1n the chest The discomfort 1s generally described
as a constriction, a feeling of tightness, 2 burning sensation, 2 feeling of
fulness, a choking, 2 distress or just an uncomfortable pain Some will say
that their clothes suddenly feel night and others will state that they want
to Iift or loosen thesr sturt The peculiar terms used by different patients
to describe the symptoms are very 1llummating and 1t 1s well to wnite down
the hustory 1n the very terms used by the patient In this way the phystcran
quuckly learns the character of the pam and becomes more profictent
recogmzing this peculiar type of distress Often the complaims 1s so muld
that the patient refuses to call 1t a pamn and resents takmg 1t very seriously
The muld complamt may nevertheless be very ominous

The manner of development of the distress 1s also peculiar It comes
fairly suddenly and especially on effort The acuwvity that 1s most ikely to
bring on a spell s walkmg Patients often are able to do a great deal of hard
physical work 1ndoors and yet not be able to walk 2 block or two mn the
street The effort of walking up a shght grade 1s particularly dufficult There
are two other factors that accentuate thes distress These are a full meal and
cold weather Frequently patients may be able to walk to their luncheon
but have difficulty in returung, or may have attacks when the air 1s cold
or the wind blowing and none when the weather 1s warm Chulling only a
part of the body by placing 1ce cubes 1n the hands can dimymsh the exercise
tolerance of patents with angina so that attacks come more readdy Another
peculiarity 1s that the pain may come at one tune after a brief walk and than
at other times not recur after 2 much longer and more difficult walk Some
will complain that they may have an attack duning the first or second hole
of golf and then no more durmg the rest of the game, or have a spell going
to the tram after breakfast and be free the rest of the day Furthermore
there are pecultar efforts 1n individual cases that bring on attacks such as
shaving 1n the mormng, taking a bath, undressing at mght or getting mnto
bed between cold sheets Only careful hustory-takung will uncover these
variations in symptomatology

Next 1n importance to physical effort 1s mental excitement or agitation
There are many patients who will have an attack on coming into a con
sultant 5 office ¥n this way I have frequenily been able to witness in my
office the enure development of the anginal spell Sexual intercourse 15
another preapitating factor that 15 not A heated
suddenly betng informed of pleasant or unpleasant news or any form of
nervous may be the precip g cause of attacks Finally anginal
attacks may come without any apparent precipating cause while the sub-
ject 1s at rest They may even awake pattents from sleep, 1n such mstances
we try with only partial success to blame the attacks on dreams A division
has been made by some observers between angina of effort and angma
of rest but I see no useful purpose that can be attained by this distinctron
The latter frequently follows the former although occasionally the first
attack may be of the form described as angina at rest There are no import
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ant practical differences between the two types except that 1t has seemed
to me that those who have angina and hyperthyroidism are very prone to
have attacks at rest
When the attack comes, the patient 15 generallv brought to a sudden
halt When 1t occurs 1n the street he 1s apt to walk slowly toa shop window,
ot to attract attention, and wait for the distress to relax He quickly learns
that 1f he remams stauonary for a few minutes the pamn disappears and he
1s able to continue He also learns that 1f he does not stop the pam persists
and may grow more uncomfortable In rare mstances the attack does not
prevent continuation of the effort Dunng the period of pan 1n most
instances there 15 no shortness of breath, but some wll complain that they
have difficulty m breathing It 15 hard to distingwsh true dyspnea from a
certam immobility of the chest that may accompany the attack The patient
may not want to move his chest even by the act of breathung for fear of
aggravating the pan When true breathlessness occurs with the attack it
generally sigmfies that there 1s an additional factor of heart muscle insuffi-
ciency which for the most part 15 absent 1n angima The occurrence of fear
of death 15 variable It 1s often, but by no means always, present It wall
depend on the seventy of the pain and the psyche of the indinidual There
1s somethung fearful and ominous about the sensation, however, even
though 1t 18 not severe The same pauent who dreads an attack of angina
may suffer a very violent attack of renal colic requiring repeated hypo-
dermmc mjections of morphia yet experience no fear
There are occasional instances tn which attacks of angma are related to
hypoglycemia Pauents may observe that spells are most hkely to occur
when they are hungry, or may be prevented by eating something sweer
One should particularly suspect this relationshup if attacks cccur late at
mght In these cases blood sugar studes are useful
There are other cases i which attacks have developed directly after
severe trauma to the chest or after a very violent sudden effort There 15
now reason to believe that under such circumstances the coronary arterses
may be actually traumatized with resuitant symptoms of coronary insuffi-
aency The relatnonship between trauma and coronary artery disease 1s a
very difficult one to disentangle, because so much depends on subjecuve
complaints which may not be reliable when matters of litigation anse
However, when 1t 1s known that an individual was well before such an
accident and begins to suffer from defimte anginal pain hours or a few days
afterwards, 1t 15 reasonable to assume that there 1s a relationshup of cause
and effect The same 15 true when one suffering from simple angina becomes
markedly worse or develops evidence of a coronary thrombosis directly
after sigmficant trauma
When a pauent 1s seen dunng an attack he will appear shightly pale and
mtrospective and there may be slight persprraton He will not want to
converse but will prefer to rerman quiet until the attack 15 over The pulse
rate during this nme may be unchanged but more generally 1s somewhat
accelerated The rhythm remaimns regular 1n the vast majonty of cases but
occastonally extrasystoles may suddenly appear dunng the attack Such



ANGINA PECTORIS AND CORONARY THROMEBOSIS 89

patients may be helped by quinidine The blood pressure, 1f taken during
the pam, will rise almost 1nvartably It 1s not the pamn that produces the
nise 1 pressure mn these patients for I have found no nise in these same
persons during the pain of severe renal or biliary colic Occastonally there
1s an increased flow of urine or of sahva during attacks After a few minutes,
erther spontaneously or as a result of a mtroglycenn pill, the distress disap-
pears and the patient feels quite well agan

The preceding details have been gone 1nto because upon their proper
evaluation will the diagnosis of angina pectoris depend 1n the vast majority
of cases The physical 1on and all our y tests are so often
of no help that it 1s only from a true understanding of the nature and charac-
ter of the symptoms that these cases will be recognuzed It 1s the faifure on
the part of the doctor to apprectate the importance of muld distressing
complamts mn the chest that leads many patients with angina pectors to be
overlooked entirely or to be treated for indigesnon or gas It 1s imperative
that we deliberately inquire into the history of all our patients over 40 years
of age, asking whether they have chest distress on effort no matter what
their primary complamts may be, for they may not wlunteer this informa-
tion The lesson that needs to be repeated! ye h d 1s that this
and serious malady 15 g Iy d with no abnormal
findings on physical examination

Physscal Examination and Laboratory Tests

Although there 15 very little to be made out on examunation that 1s charac-
tersstic of angina one frequently detects some abnormalities 1n the cardio-
vascular apparatus Generally there 1s evidence of arteriosclerosis 1 the
penpheral vessels or on ophthalmoscopic examnanon Often, however,
there 1s no more than would be expected at that age and at times there 15
even complete absence of any detectable vascular disease The blood pres-
sure 15 yartable and may be anywhere from subnormal to markedly elevated

There 1s 2 curtous and most mmportant difference 1n the blood pressure
findings 1n the two sexes Whereas the average readings for males were
found to be 149 mm systolic and 89 mm diastohc the corresponding fig-
ures for females were 190 mm and 102 mm In fact, there were very few

ma d 1 which I found a systolic blood
pressure under 140 mm ina female except a few 1n whom a previous hyper-
tension had given way to a lower pressure after 2 coronary thrombosis The
mference 15 that although normal or low blood pressure 1s common among
males with angina the absence of hypertension 1n females, except following
a coronary thrombosts, makes one strongly doubt the diagnosis

The heart in most mstances 1s enlarged although frequently the enlarge
ment cannot be detected without x ray examnation Occasiopally calcifica-
tion of the coronary artenes can be seen fluoroscopically or on the x ray
film Although such calaification always means coronary sclerosts, 1s dis-
tinctly pathologic and Vi) bl thed of anging, 1t occa-
stonally may be found 1n the absence of angina It must be remembered
that the term  angina pectons  denotes a physiologic state, and sclerosts
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of coronary arteries 15 a structural condition Although the latter 15 by far
the most important cause of the former, each on oceasions may exast without
the other
There 1s a dominantly regular rhythm in practically all cases Occastonal
extrasystoles may be present but auricular fibrillation 15 rare There seems
to be some antagorusm between auricular fibrillation and angina If the
former exssts 1t 15 unlikely that the latter will subsequently develop The
presence of both does occur but 1s rare Aurscular fibnillation can develop
m a patient with angina pectons following an attack of coronary thrombosis
or after angina has been present for some time
‘The heart shows no murmur whatever in about one half of the cases and
1n the other a systolic murmur 1s heard at the apex or base of the heart A
small number, possibly 5 to 10 per cent, show a diastolic murmur This
includes the very rare patient (1 per cent) with mitral stenosis who has
angima, the young group of rheumatics with aortic valvular disease and a
few older patients with sortic insufficiency due to syphilis or hypertension
On the whole the quality of the heart sounds 1s of no aid 1 diagnosis In
most mstances the sounds are normal 1n character but 1n some the mtensity
of the first heart sound 1s disunctly dimimshed A dimunution of the inten-
sity of both heart sounds can be due to a thick chest wall or overlying em-
physematous lungs and the like, but if the first sound 15 muffled and the
second sound 1s distinct, 1t at least makes one suspect that the heart muscle
15 diseased In ome a gallop rhythm may be heard There 1s no evidence
of congestion 1n the liver, lungs or extremities unless there 1s an added
element of congestive heart falure which will te found 1n a comparatively
small number
There are two other examnations commonly carried out 1 studying
patents with heart disease, 1 ¢ , determmation of the vital capacity of the
lungs and electrocardiography The vstal capactiy 1s the greatest amount of
arr one can expire after inspirng as much as possible This vartes mainly
with the height of the body Normal dards have been established and
whereas formerly they were calculated with reference to grven heights thus
was later changed and comparisons were made with reference to the surface
area of the body In this latter calculation the surface area 1s determined
from the height and weight of the body Thus change in calculation seemed
more screntific and accurate when 1t was first ntroduced, but I have always
felt that the reverse 1s true One can obtain a closer reading of the expected
or normal vital capacity from the height than from the surface area of an
individual The following example will make thus clear A young man 25
years old, 1n good health, weighs 135 pounds and 15 67 tnches in height His
vital capacity 1s 4000 cc , which 1s perfectly normal In ten years he gains
40 pounds, 15 sull m perfect health, the vital capacity 15 stall 4000 cc and
tus height 15 the same The surface area has increased and the expected
or normal  vital capacity has increased Calculating on the basis of hesght
Hus vital capacity 1s 100 per cent of normal, while mn terms of surface area
1t has fallen to about 80 per cent This gives one a false impression, for hus
areulation has been normal throughout There 15 no reason why one should
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expect a greater vital capacity because the subject has become obese In
fact, the reverse occurs when obesity 1s marked A patent may have no
disease of the cardiovascular system and yet have a distinct diminution
the vatal capacity of the lungs from obesity alone When the added weight
15 sufficent, 1t may inhibit the expanston of the chest and the descent of
the diaphragm Thus often results in dyspnea on effort This type of dimm~
1shed vital capacity and shortness of breath does not indicate heart disease
15 not of stself progressive and must be carefully disunguished from the
other more serious type of breathlessness This may enurely disappear with
appropriate dieting and a consequent loss of weight A corollary that fol-
fows from the foregomng 1s that a thun cardiac who s short of breath 1s apt
10 be 1n a worse state than an obese cardiac, for, in the case of the larter,
part of the dyspnea at least 1s due to the bemgn obesity Similarly, a low
vital capaaity reading 1s more omunous 1 2 thin than mn a stout mdividual
It 15 apparent that the readings must be mterpreted 1n the hght of the con
stitutional type or physique of the mndividual
Age likewtse influences the vital capacity to some extent Practically all
the normat standards with wiuch readings are compared have been ob: d
from young men and women, generally college students or young hospital
interns and nurses There are no extensive figures for normal older people
The result 1s that the vatal capacity of patients with angina pectorss 15 bemng
compared to normal young people The readings thus obtamed would indi-
cate that 1n angma the vatal capacity 1s dimmshed about 20 to 25 per cent
If suitable compansons could be made this difference would be much less
and probably would show that when unassociated with myocardial msuffi-
clency the vital capacity 1nt angina 1s essentially normal What has just been
stated about the vital capacity i relatton to age and weight needs to be
borne m mind n mnterpreting readings It 1s difficult to compare the reading
1n one patient with that of another unless the differences are marked, and
yet smaller changes occurring 1 the same individual from time to time
may have more defimte signuficance Thus 15 particularly true in following
the same patient over the course of years
In the interpretation of the relation of the vital capacity of the lungs o
breathlessness, two other factors need consideration The first s the general
muscular strength or tone of the body especrally the muscles of Tespiration
‘With marked anerma or with general asthensa, although the total breathing
space 15 normal, the effort of taking deep breaths rapidly 1s exhausting and
cannot be kept up for any length of tme and breathlessness results The
second 15 the speed with which the respiratory cycle can be completed In
marked emphysema, expiration 15 so difficult and prolonged that the num-
ber of respiratory cycles per mnute 1s considerably reduced In the last
analysts 1t 1s not only the actual vital capacity of the lungs but the facihity
with which a given amount of air can be wspired per munute that deter-
munes the development of dyspnea
The electrocardiographic findings 1 angma pectonss are varable Fre-
quendly they are perfectly normal or they show preponderant hypertrophy
of the left ventricle which has no diagnostic significance On the other
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hand, 1 a good many cases there will be distinct abnormalities of the ven-
tricular complex Not all of these changes are particularly mdicative of
angma In fact, some of these are also found 1n association with heart disease
other than angina, but 1n so far as they direct attention to 2 pathologic con-
dition of the heart they aid 1n avoiding the error of making a diagnosts of
normal heart Although 2 Q wave m Lead I11 1s found not infrequently 1n
a person with a normal heart 1t has appeared to be much more common 1n
those suffering from coronary artery disease There are other changes that
pont more cleatly to angna pectors masmuch as they are so commonly
associated with disease of the coronary arteries Among these are spread
and delay m the QRS complex, bundle branch block and itial ventrcular
compleses of low amplhtude All such alterations occur 1n heart disease
other than angina but for the most part are not found n normal hearts
Other abnormalities that more cleatly pomnt to coronary artery disease are
certam changes in the QT complex or i the T wave These changes w1l
be discussed 1n greater detail under coronary thrombosis but 1 so far as
some of them are observed m cases of angina they often are diagnostc
Oceasionally opportunittes have been afforded for obtaimng electrocardio-
grams of patients during an attack of angina and some haye shown slight
but distinet alterations of the RT complex resembling those seen 1n coro-
nary thrombosis The R-T segment 1s somewhat depressed or elevated m
one or another lead as compared to the form that 1s seen 1n the tracings
before or after the attack Thus has been regatded as addittonal evidence to
support the theory that angnal attacks are due to myocardial scherma
The mmportance of electrocardiograph 1s that, although often 1t 1s of no
help, 1n some doubtful cases of angina the tracings may be the only evidence
of the grave condition that exsts and that without such evidence the pa-
tents would be regarded as having a normal heart
When the diagnosis of angina 1s sull in doubt there are some tests that
may prove helpful The first1s to have the patient exercise with the purpose
of bringing on the distress of which he complamns This can be done by
making lum walk upstaits until pamn 15 produced, or by using a so-called
“two-step ’ test One mught still be i doubt whether the type of chest pamn
thereby brought on 1s angmal or not Another test 15 to have the panent
breathe an atmosphere poor 1 oxygen content (10 per cent) If this 1s con-
unued for ten to twenty minutes, angmal artacks may be reproduced ;m
those suffering from this disease Furthermore, breathing low concentra-
tons of oxygen may produce abnormalities m the R-T segment and T
wave which do not occur i normal hearts Somew hat sumular electrocardio-
graphuc changes may be produced by a brief effort When these are marked
such as shown 1n Tigure 160 the diagnosts of coronary sclerosis 1s quite
clear However, an appreciable number of cases of angma (2pproximately
30 per cent) may have a negative anowa test Finally, I have employed an
adrenalin test for angina that merts a word of explanation Tt was found
that the subcutaneous mjection of 05 cc 1o 1 ¢c of 1 1000 solution of
adrenalin reproduced attacks of angina pectonss 1 most cases and faed to
do so 1n control cases In some patients even smaller doses were effective
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Unfortunately adrenalin njections are dangerous when given to patents
who have heart disease and especially angina Thus test, therefore, should
never be employed when the diagnosis 15 quite definite and the amount
employed 1n performing the test should be small at first (eg, 03 cc),
increasing the amount 1f necessary on subsequent exammations When
posttive, the patient wall start complaiung of the same sort of pamn 1n the
chest five to fifteen minutes after the myection is given The pamn will gen-
erally be accompamed by a rise 1n pulse rate and 1n blood pressure Just as
soon as the patn 1s reproduced mitroglycertn, amyl mtrite or, if necessary,
morphune 1s given to bring the attack to an end 1 believe that the test can
be helpful 1n some doubtful cases, particularly when 1t 15 felt that the con-
chtion 15 functional rather than orgamic It must be borne 1n mind that per-
forming any functional test for angina 15 dangerous, for mstant fatalities
have occurred
‘There are several condipons that particularly must not be confused with
angma Furst, there 1s the large group of patients suffermg from some form
of organuc heart disease, valvular or hypertensive, who complam of pamn
10 the chest For the most part the pain 1s at the apex, not in the sternum,
and 1s often associated with hyperesthesia of the left breast Then there 1s
the group who have functional heart disease Here the pamn 1s also apical
and generally comes while at rest Furthermore, arthritis of the spine, sub-
deltoid bursitis and muscular pams from trauma and simlar conditions
may smmulate angima The confusion becomes increased because many
panents wath coronary disease develop a troublesome pan 1n the left shoul-
der, arm and hand that resembles causalgia and 1s not due to the heart
‘They may, therefore, have two different types of pam 1n the left arm, one
of an anginal type brought on by effort and another related to motion of the
left arm or shoulder The two need to be carefully distinguished, because of
duff mt For the shoulder pam local heat and aspirin may
be all that 1s required 1y stellate lion block wall be helpful
Quite recently disabiliies 1n the hands have been reported as associated
with coronary artery disease, especially following myocardial mfarction
Dupuytren s contraction and stiffness of the fingers resembling sclero-
dactyha presumably due to vascular constriction have been observed These
vanous features are distinct enough to be called the shoulder arm syndrome
and 15 a frequent complication m patents suffering from coronary artery
disease It1s much more common on the left side but may involve the night
A most iy and duffe ld 15 that betw cen angina
and gall The difficulty 1s d because so many have both con
dinons X-ray of the galibladder 1s of great value 1n this regard Other con-
ditions such as diaphragmatic herma, herpes zoster, cervical nb, thoracic
tumor or ancurysm may also cause confusion However, a complete review
of those features that charactertze angina pectons wall generally lead to the
correct diagnosis
Despite 4l our routine methods of study many patients with angima wall
show either nothung abnormal of there will be found only those minor
alterations that are common 1 otherwise well people m the second half of
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Lfe Even when abnormalities are found they do not always charactenze
the angmal state The description of the type of distress 1s by far the most
important feature from a diagnostic pomnt of view Despite the great de-
pendence on the subjective symptoms and notwithstanding the fact that
they may be atypical and simulated by diseases other than angina, the diag

nosts of angina pectonss by and large can be made with a lugh degree of
accuracy

Prognosis
The prognosis 1n any case of angina pectons 1s most uncertan Sudden
and unexpected death which charactenizes this disease may occur at any
ume It probably 1s just as well for all concerned that accurate predictions
as to thus fatal outcome cannot be made There 15 no other condition mn
which sudden and mstant fataliies take place with the same degree of fre-
quency In fact, when the diagnosis of angina pectons 1s properly made
the possibility and likehthood of this eventuality 1s always inferred A word
about nstant death may be appropnate at this pomt There are very few
conditions that cause imstant death Physicians are too prone to make the
diagnosss of cerebral hemorrhage, stroke or apoplexy when a pauent dies
suddenly In my expenence a rupture of a cerebral vessel from hyperten-
sion or cercbral aneurysm, or a cerebral embolism never kils instantly
Such patients may suddenly become paralyzed or comatose but death,
when 1t occurs, follows after several hours or more commonly 1n a few days
Rarely a massive cerebral hemorrhage may kil 1n some munutes or 1n an
hour I have seen death occur n eighty minutes m an apparently well
weman 48 years old, who post mortem showed a ruptured cerebral
arteriovenous aneurysm with massive intracercbral, subarachnoid and
intraventricular hemorrhage Major peripheral emboli do not kill imstantly
Even a Jarge pulmonary embolus presents a picture of sudden respiratory
distress and suffocation and when fatal, death 1s apt to be delayed for a
pertod of ten munutes or more Occastonally rupture of an aortic aneurysm
may produce an nstant fatality In fact most of the cases 1n which death
occurs mstantly, 1¢, wathin seconds or one or two rmunutes, are directly
due to the heart and moreover are the result of 2 imsted number of causes
Instant death may result from rupture of the ventricle This 15 by no
means an uncommon event 1n those sufferng from coronary heart disease
and 1s also an occasional end result m subacute bactenal endocarditis
Another cause 15 complete heart block Here the circulation may be quite
adequate and compatible with a considerable degree of physical acuvity as
long as the ventricles contract at a rate of 30 or more When an attack occurs
11 which there 1s falure of the ventricle to respond (Adams Stokes” sexzure)
unconsciousness results, and 1if the asystole Jasts more than a few munutes
consciousness does not return and the attack 1s fatal There 1s a very rare
condition 1n which inhibition of the heart occurs It 1s not a matter of
blocking of heart beats but rather that the beats do not arise, the pacemaker
g This can be due to an oversensiuve caroud sinus Itis

UnCHoD,
ﬁff;: that complete arrest of the heart may result for as fong as ten seconds
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by this h and 1t 15 ¢ ble that rarely a fatality may occur
The constant use of ephedrme m panents who present this peculianty 1s
of ¢ derable value 1n pr g attacks Sudden fatahiues occasionally

occur dunng the admunistration of quudme There have been a few
obscrvauons that throw some light on this, 1n which 1t was found that

dine causes inhit or paralysis of the auncles Such
cases have shown 2 temporary disappearance of the auricular complexes
(Fig 49) If this same mhibition which has been shown to affect the aurn-
cles should affect the ventricles, the heart beat would suddenly stop In
this way sudden death during quumdine admymstrauons, not the result of
other causes, may be explamed A similar mechamsm rarely follows exces-
stve digrtalis (Chap 21, Fig 48)

The last type of disorder that causes mstant arrest of the circulation 1s
ventricular fibrillation This must not be confused with fibnllation of the
auncles In the latter condition the ventricles are contractng yrregularly
but actually expelling blood from the heart In the former the ventncles
are essentially immobile producing no effective systole whatever and no
flow of blood There are many reasons to believe that this mechanism 15
probably an important cause of sudden death In amimal experimentation
the heart 15 frequently seen to stop as a result of the onset of ventnicular
fibriflanon after ligation of one of the coronary artemes Thus has generally
been considered as the cause of the sudden type of death that charactenizes
angina pectonis Besides the above indirect experimental evidence 1n sup-
port of this explanation, there has been more direct proof of this point of
view During some routine work 1t so happened that a patent suffenng
from anginz pectons was having an electrocardiogram taken He died 1n
the attack and postmortem examination showed disease of the coronary
arteries but no acute occl The electr d. were typical of
ventricular fibrillanion This was direct proof that mstant and unexpected
death m angma pectons could be brought on by ventricular fibnllation
Thus mechamsm 1s very kikely 2 common cause of sudden death accom-
panying coronary artery disease When a patient with angina drops dead
nstantly one should not assume that he suffered from a fresh attack of
coronary thrombosts Postmortem examination 1s hkely to show coronary
sclerosis and narrowing but no new fresh lesson When an acute thrombosts
occurs he 15 more likely to survive for minutes hours or longer and live
long enough to be seen by a physician

On rare occastons 2 surgeon 1s confronted with the problem of sudden
arrest of the heart during an operation This may occur without the pres
ence of organic heart disease In a few such instances electrocardiograms
have shown that ventricular fibrillation was present Under these circum
stances 1t 15 best to massage the heart manually and rhythmucally and to
spray the heart with 05 to 10 per cent procaine hydrochloride Five or
10 cc of the solution can also be injected mntravenously Satisfactory recov-
eries have occurred with this technie

Because of the unpredictable occurrence of sudden death 1 cases of
angma pectons the prognosis 1n any given nstance 1s very uncertamn
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Patients may die m the first attack or shortly after the onset of the first
symptoms or may hve in comparatively good health for over twenty years
There 15 very httle m the clinical features that enables the physician to
distinguish one type from the other The average length of life after the
first symptoms have developed 1s about four and one-half years for both
sexes and the average age at death 1s 61 years for the males and 63 years
for the females A more recent review by White has mdicated more than
seven years as the average length of Lfe after the first symptom This
crease, to a large extent, may be explamed by more careful history taking
If, on accurate questioning, an earlier date of onset of symptoms 15 ehaited,
the duration of angima will obviously be lengthened It was found that
whether the tonsils had previously been removed or not made no difference
1n the course of the disease I believe that foc1 of infection have no import-
ant relaton to this problem Shght differences 1n average life expectancy
may be predicted on the basis of certam factors but on the whole such con-~
siderations do not help matersally in estimating prognosss When angina
develops before the age of 50 years the durauon of the disease 1s about two
years Jonger than when 1t first begins 1 Iater years Those who have a low
blood pressure develop the disease a few years earlier and live a Iittle longer
after the onset of the disease than those with hypertension
There 15 on¢ significant factor that aids m prognosis, 1 ¢ , the hereditary
one Those patients with angina pectoris whose parents died at an older
age lived distinctly longer than those whose parents died at a younger age
In this study of heredity 1t was also found that although males suffered
from angina about four umes as frequently as females, the iherted defect
of vascular vulnerability was ted more p ly through the
mothers of these patients than through their fathers In other words the
females transnut this tendency more than do the males but are themselves
less affected Thus I bebeve helps to explamn the fact that 1n the latter
decades of Iife, all vital statistics show that females outhive males by more
than three years
The relation between angina pectors and cardiac decompensation 1s of
some nterest Although 1t 15 generally stated that the former disappears
when the latter develops, this 1s frequently not the case In fact there are
instances m wiich both conditions are present sumultaneously and the
disappearance of the evidences of d P 1011 1S panted by the
disappearance of anginal attacks The presence of hypertension makes 1t
more likely that congestive heart failure will develop sometime during the
course of the angina The duration of hfe, however, after the onset of angina
15 one year longer m those who decompensate than in those who do not
The great frequency of hypertension 1 women, therefore, explains the
more common occurrence of cardiac decompensation m this sex when
angina has been present
Obesity was not found to affect erther the age of onset or the duration
of angina pectonts I believe that if obesity per se acted deletertously as a
causative or aggravatng factor the obese patients should have developed
the disease earlier 1 ife and died at a younger age than those with normal
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or subnormal weights The fact that this was not found to be true suggests
that obesity has no important direct relationship to angmna pectons but
merely reflects the constrtutional type that 1s more prone to the disease

Although elect d phy 1s often of derable value i the diag-
nosts of coronary artery disease 1ts aid 1 prognosss 1s very shght In a study
of over 100 cases 1n which electrocardiograms wete taken 1t was found that
the duration of the disease was one year longer in those with normal curves
than the average, but masmuch as angina developed earlier 1n Ife 1 the
former than 1n the latter, these panents died at an earlier age than those
with sbnormal electrocard, The d of hfe after the onset of
angina was one year less in those wath inverted T waves 1n Leads I or II
than 1n those without such changes In a small number of instances showing
other electrocardiographic changes, such as prolongation of the P-R inter-
val or the QRS complex or QRS waves of low amplitude, the prognosis
was shightly better than for the entire sentes It must be recalled that 1n
many of the cases with these latter electrocardiographic abnormalitses, the
angnal features had become less promnent and the element of myocardial
insufficiency with dyspnea and Limitanion 1 physical activities had become
more important

It 15 of some mnterest to know what type of exitus 15 to be expected 1n
pattents with angina Approxumately 50 per cent were found to die sud-
denly In addition about 30 per cent died of coronary thrombosis In these
latter cases the patients were seen and Lived long enough for the physician
to make this diagnosis Many of the mstant deaths 1n the former group no
doubt were also due to coronary thrombosts That thus 1s not mvarrably
true 1s attested by the fact that 1n some cases of sudden death from angina
pectoris there was no evidence of an zcute thrombosss although atheroma-
tous changes were noted 1n the coronary artertes Somewhat less than 10
per cent of the subjects died of congestive heart falure and the remainder
died of muscellaneous causes such as cerebral hemorrhage, bronchopneu-
morua, cancer and other conditions The fact that there was such a high
mcidence of that type of death which one would expect 1n cases of angina
pectons 15 vahd proof of the great accuracy of the chnical diagnosss

Treatment

‘The treatment of angma pectorts may be divided into two problems, the
treatment of the ndividual attacks and the general care of the patient with
the hope of dimumshing the seventy or frequency of recurring attacks
Patients with angina should be instructed concerrung the use of mitro-
glycenn Thus 1s the simplest and on the whole the most useful medication
for the attack They should always carry some pills with them The dose
should be g5 gramn or g5; gram (06 or 03 mg) Although most patients
find t§5 gramn to bethe sutable dose some will find erther 255 BraIn or
even 337 gramn to be sufficient When mutroglycenin 1s first given 1t 1s wise
to start with the smaller dose as occasionally the 11l effects from the full
dose so alarm the patients that they refuse to use it any more The pill
should be placed under the tongue and should be dissolved in ten to twenty
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seconds This should occur esther spontaneously or as the result of sucking
the tablet or crushung it between the teeth Tablets that are hard and dry
and require minutes for complete dissolution should not be used The
occurrence of a sensaton of warmth or pounding m the head serves as a
gude as to the potency of the pill The patient should be told to use 1t
whenever he has the angmal distress unless 1t 15 so mild and of such short
duration that 1t would be hard to know whether nitroglycenin really did
much good Those suffening from angina generally learn before long
whether the pill 1s helpful or not If its use appreciably dinurushes either
the duration or the severity of the attack 1t should be used The physician
should further advise that nitroglycerin 15 to be used to prevent or anncipate
artacks During the daily routine patients often learn that a particular act
or set of circumstances frequently precspuates attacks Shaving i the
mormng, undressing at nught, walling to the tram, attending a busimess
conference or the act of sexual are Pprecipitating factors
and mitroglycerin can serve as a preventive m anticipation of such attacks
Occasionally patients may find that taking a pill every two hours durmng
the day may be helpful I have seen no ill effects resulting from the Iiberal
use of nitroglycerin when 1t seemed indicated One woman consumed 1000
pills (5 grain) m one week without 11l effects and there are many patients
who have used 100 pills a week continuously for many years
It 15 very rare that amyl mtnte 1s needed or will accomphsh what nitro
glycerm willnot The inhalation of amyl mtrite acts somew hat more quickly
and more violently but 1s not so simple for daily routine use On the whole,
amyl mtrite 15 used very hetle Alcohol in the form of sustable drnks 15
often of considerable help erther during a spell or, better sull, as a pre-
ventive Some individuals find 3 to 1 ounce of whushy taken before bedume
will prevent attacks from comng at night Finally the pauent should either
stop the activity that brings on the spell or he should at least slacken his
pace Although 1t 15 well to give thus advice 1t 15 generally unnecessary as
sufferers from angma quickly learn that if they carry on and do not heed
the distress 1t will contmnue or grow worse and 1f they stop stll the pamn lets
up Some attacks are severe and protracted enough to require morphine
Quute recently an nteresting relationship between carotid sinus stimula
tion and anginal pain has been discovered It has been found that frequently
the pain can be made to disappear n several seconds by massaging one or.,
the other carotid sinus In an experience now comprising over one hundred
episodes 1 have observed that vhenever sausfactory slowing 15 produced
the pain either promptly disappears or 1s markedly lessened Furthermore
whenever no sigruficant slowing of the heart results the paw 15 unaffected
No such rehef was obtamned when the pamn was due to a vanety of other
nonangmal causes, except 1n a rare case of functional pain The response
was so distmctive that T believe this test has diagnosuc value If well-
marked slowing takes place from carotid sumulation while the panent has
pain and 1t 15 not lessened, I believe that the pain 15 very unhkely angmal
1u pature In many mstances the particular epssode s completely relieved
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and the pan does not return In others, as the heart rate speeds up agam,
the pamn comes back Expenence with pain of acute coronary thrombosis
has been quite imited Some patents have shown no response, but mn a
few temporary alleviation of the pain while the heart slowed was observed

These observations, which can be made quite easily, tempt one to specu-
late concerning the mechamusm of anginal pan At first 1t seemed that a
neurogenic mechanism must be myolved because the relief of pan was
often almost 1nstantaneous In one instance the pain disappeared m a few
seconds actually while the heart was 1n asystole In thus case a long asystole
had resulted from carotsd sinus stimulation One could readily explain this
on the basis of a release of spasm 1n a coronary artery which obviously could
take place nstantly Another explanation however, may be that durng
the long single diastole, or 1n other cases when marked slowing occurs, the
noxous catabolite that causes the pamn (the unknown ‘ P element of Lewis)
1s washed out of the heart, while less or none of this irntaung chemcal 1s
being produced This 1s plausible because during drastole the coronary
circulation continues though there 1s no contraction of the heart,1 e , oxygen
supply continues but the production of breakdown products such as lactic
acid 1s lessened In any event this maneuver can have some diagnostic and
occastonally some therapeutic value

The second aspect of the treatment 1s much more difficult and less
effective In most cases the transient attacks are readily controlled by the
measures just mentioned, but how are we to dumunsh the recurrence of
these attacks so that they wall not prevent the patients from walking or
working or conversing® There 15 no sumple speafic procedure that has
proved very valuable for this purpose At the outset the question anises
whether or not to enforce a period of strict rest in bed There have been
two diametrically opposite views 1n relation to thus method of treatment
In one the mportance of a peniod of bed rest for as long as several weeks
or even months has been propounded In the other 1t has been mamtamed
that this 15 not destrable but 1t has been recommended that the patient
remain ambulatory and walk or exercise to the It of hus tolerance, 1€,
he should avoid the effort that brings on the distress 1f possible The very
fact that such different views have been expressed and carried 1nto practice
by equally learned climcians must mean that neither one can be umversally
apphied nor that there can be any great difference 1n the results obtamed
Many considerattons must be taken 1nto account, especially economuc ones
One hesitates to put a man to bed for four weeks when the resultng
loss of income would work great hardships on the farmily Parucularly
would this be true 1f such a procedure would jeopardize the patients
10D or subsequent work Working men and women over 50 years of age are
readily drscharged by their employers only to have their places filled by
younger employees and find 1t extremely difficult to replace themselves i
industry These are matters that the physician must constantly keep 1n
mund, for too often the social and economuc status of patients 1s runed
without any significant gain m their health to compensate for ths prevent
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able loss On the other hand, when the person m question has no occupa-
tion, 15 renred from business or has suffictent means to enjoy the luxuries
of ife one would be more ready to try a period of prolonged rest
‘When attacks are recurring very frequently and are quite severe or when
they actually prevent a person from attendmg to hus work it 15 wise to try
a penod of bed rest for several weeks In some cases this alone improves
the conditton or at least renders the patient free from attachs or dimunshes
the frequency for a considerable period of ime In some patents who suffer
primanly from nocturnal attacks, placmg 9 inch shock blocks under the
head posts of the bed may eliminate attacks 1n bed The explanauon of this
beneficial effect of posture may be that return flow to the heart and there-
fore heart wotk may be decreased by this simple procedure Although the
ngidity of the rest treatment will vary with dufferent circumstances, 1n so
far as possible 1t should provide complete mental and physical relaxation
When kept at rest such patients should be permtted to leave their beds
for movements of the bowels They should avoid all annoying expenences
such as disturbing visitors and business conversations If there are pressing
personal or business matters that are preying on the patient’s mind whach
could be straightened out by a visit of a few hours at the office or by a con~
ference, 1t 15 better to have 1t over with before mstituting the rest treatment
In other words, all reasonable measures should be employed to procure the
rest that 1s desired It 1s generally better to do this in the patient’s home or
better sull 1n a hospital than to send hum off for a vacation, a procedure
that 15 often 1ll-timed, expensive and meffective
Another consideranon 1n this treatment 1s the diet Many patients with
angina pectotts are overw eight and 1t will be found that when a pertod of
bed rest 15 mstituted, the senustarvation mik diet (Karell diet) will often
prove very valuable This consists of 200 cc of mulk four mes a day and
no other food, allowing a little more water for thurst This 15 a very low
calonie diet and if continued for three days 1s apt to result in a feeling of
weakness and hunger Accompanying ths asthenic state attacks of angma
which were occurring daily at rest, may disappear After a varying number
of davs of the Karell diet, small additonal quantities of other food are
gradually added Five small meals a day are preferable to three larger meals
A hugh carbohydrate diet has been recommended by many and even the
ntravenous mjection of concentrated glucose solution 1s practiced by some
T have seen too little good come from the latter to advise 1ts use although I
frequently suggest the taking of sweets 1 the absence of diabetes When
attacks of angina are related to hypoglycemia a ligh protein rather than a
tigh carbohydrate diet 15 advisable, for this will msure a more even amount
of sugar avatlable m the blood stream Extra small feedings between meals
also help to prevent the fall 1n blood sugar that 15 responsible for the attacks
It 15 1mportant that the diet contamn the necessary vitanuns and that 1t
should be such that the patient does not gan weight It s well to advise a
penod of rest duectly after meals whenever possible or at least to urge
aganst any avoidable physical ot mental effort on a full stomach, as attacks
are very common under these circumstances
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Whether the patient has been put to bed or remains ambulatory, a loss
of weight 15 desirable 1 most cases When the amount of overweight 15
considerable I have seen marked improvement result from a gradual loss
of 30 to 40 pounds 1n mnstances where notlung else was done, the patient
remainung at work and taking no medication When the weight 1s normal
at the start, a shight loss of weight mught be advised

The relation of ‘gas mn stomach and angmal attacks has always been
puzzhing A great many patients zre certain of the association so that they
think they have stomach trouble or “indigestion  and are never convinced
that they have anything wrong with the heart They feel that gas brings on
the attack and 1if they raise the gas the attack stops It 15 possible that gas
1s swallowed before or duning the attack and later expelled On close exam-
1nation 1t generally becomes clear that gas may be an accompamment or
result of the attack but that some physical or mental effort 1s the real pre-
cpitating cause and that gas with the pauent at rest produces no distress
Notwithstanding ths, some would be a good deal more comfortable if the
gastromtestinal tract were improved Thus 1s no simple matter and taxes
our ingenuity to the utmost Proper bowel habits and whatever measures
that will prevent s and g at stool are 1nd; d

One should not forget that peptic ulcer 15 by no means rare and disease
of the gallbladder with or without stones 1s very common 1n patients suffer-
ng from angina When these additional diseases are present their symp-
toms must and can be disungwshed 1n most mstances from those resulung
from the heart disease, and m:n( appropriate treatment It must not be

pected that r g the will cure the pauent of angina When
thus 1s supposed to have occurred I feel certam that the diagnosss of angina
was mcorrect I have had a great many patients with both conditions and
found that when the gallbladder and stones had been removed surgically,
those symptoms due to bihary disease disappeared but those due to the
coronary artery disease persisted although they may have been ameliorated

When the question of smoking came up mn former years I used to tell
pauents to smoke moderately, 1 ¢, not more than eight aigarettes or two
crgars daily Now I am more inclined to urge ormittng tobacco entirely It
15 generally believed that tobacco has vasoconstmenng effects on the penph-
eral artenies It should always be avoided 1n a condition Iike Buerger s dis~
ease We now know lhat tobacco produces temporary depression of the T
waves n the elect 1n some individuals In fact, marked elec-

hic changes ¢t of

have been observed to appear shortly after smoking and entirely disappear
within fifteen munutes This makes one think that a major coronary artery
was temporanly in spasm producing local rschemia Although I have never
seen tobacco per se produce angina m the sense that the disease would
disappear on omutting 1ts use, one does find pauents who have fewer
attacks if they do not smoke It therefore seems wise to curtal greatly or
elimunate its use in cases of angina One should individualize i this matter
One mght wisely wrge a man 40 years old \\ho has been smokmg 40 ciga-
rettesa day t- -
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to smoke a pipe or a cigar after each meal In the first mstance there 15 good
posstbility that the patient may live many years, while with the older indi-
vidual the number of pleasurable experiences may have already become
quute hrmted
A vanety of drugs has been used with the purpose of dimumshing the
frequency and seventy of attacks and of enabling the patient to do more
work without discomfort The great diversification of these drugs 1s ample
evidence of their mefficiency Potassium iodide (10 drops t 1 d ) has long
been used 1n all forms of vascular disease including angina pectoris The
frequent reference to the value of this drug that 1s so prevalent m the older
medical literature no doubt 1s due to the striking results that were obtained
in some cases of masked hyperthyroidism and 1n syphilis when their etio-
logic significance was not understood Whether 1t 15 of any value m other
cases 1s problematic and at least doubtful Digitalis has been used a good
deal and 1t has been found that when angina 15 unassociated with dysprnea,
general myocardial insuffictency or congestive faiture 1t has been of no use
There are some who believe 1t can aggravate angma pectonis It should be
tried only when there 1s dyspnea apart from the anginal pam or when there
15 definite or suspicious evidence of congestive fadure
The use of atropine was once advised by Sir Ciifford Allbutt on the basis
that the sudden fatal outcome that occurs 1n angina1s due to  vagal nhibi-
ton of the heart * There has been no proof either of this mechanism of
death 1n angina or that atropine acts beneficially Inasmuch as some behieve
that an mncrease mn heart rate 1s an important factor in the development of
attacks and atropine can increase the heart rate by dimumushing vagal tone
the therapeutic indicanons for this drug are at least open to question
The common expenence that all physicians have had in finding that
emotional factors seem to precipitate attacks of angina has led to the use
of sedatives Sir James Mackenzie believed that more good was to be
obtained from bromides than from any other medication The purpose 15
to dumunush the nervous receptivity or mstability of the panent so that
those reflexes that are mvolved m the production of the attack or m the
S of the d fort will be dampened For this purpose 1 gm (15
grams) of sodium or potassium bromude or 0015 to 0 03 gm (% to * grain)
of phenobarbital may be used three times a day I have winessed occa-
sional instances 1n which patients who were having frequent short atracks
at rest have become entirely free from attacks promptly following such
medication Unfortunately this 15 not the usual result At times 1t 15 dis-
tinctly valuable to render the patient semmnarcotized for a day or two to
break up a storm of recurrent attacks of angina using a preparation ke
sodium amytal, 02 gm (3 grans) every few hours In general I believe
that the use of some form of sedatives, especially bromides, has a distnct
place 1n the treatment of those pauents who have frequent attacks of
angma
Because of the importance of the psychic and nervous factor 1t 1s best
for the physician to avoud the term ‘angina pectors 1 talking to his
patients whenever posstble It carmies too great a dread the mind of the
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average lay person today When 1t 15 necessary to give explanations 1t 1s
less shocking to state that the artenies within the heart are not so fleuble
or patent as normal or that the heart 15 sumply tired
A sojourn to a warm chmate 1s often advisable when circumstances per-
mut this luxury It1s a common expertence that patients who can not walk
a block during the winter 1n New England without pan are able to walk
long distances 1 Flonda Not only 1s 1t warmer but the weight of the
clothes worn 15 less and the individuals are more relaxed
Dunng recent years there has come 1nto vogue a seres of new prepara-
tions that are supposed to dilate the coronary arteries and ncrease the blood
flow through the heart There 1s considerable expenmental evidence 1n
ammals to show that these drugs do increase coronary flow Whether
stmular effects are produced in human beings and especially 1n those who
already have atheromatous changes 1n the coronary artertes 1s another mat~
ter and more difficult to prove There 15 clinical evidence, however, although
not alf are agreed on this pomnt, that some patients are more comfortable and
can do more while taling the e drugs Of this group the common ones
employed are diuretin (03 to 05 gm three times daily) amunophylline
(01to 02 gm three umes daily), phylicin (025 gm three times daily),
qudine sulfate (02 to 03 gm three umes daily), theocalcin (03 gm
three times daily), theormunal (03 gm three times daily), theobronunal
{03 gm three times daily) erythrol tetranirate (003 to 006 gm three
tmes daily), theobromne sodium acetate (thesodate) (05 gm three times
daily), and others Physicians should employ those preparations that are
least expensive and should omut them entirely 1f their observations indscate
that no chincal improvement takes place It 1s well to try patients on such
a preparation for one month, then onutting 1t for 2 month, alternating 1n
such fashion and then deaiding whether attacks are more or less trouble
some on one regrmen or another
Intramuscular ijections of various tissue extracts have also been tned,
but there 1s ittle valid evidence of their value Cobra venom mnjections have
been employed, with some success, 1n stubborn cases when attacks were
recurring frequently Although numerous other drugs have been used at
one time or another they have generally proved disappomtng These few
which have just been discussed however, are worth a trial but great expec-
tations should not be entertamed from their admumstration Of these amino-
phyline, theobromune and their allied preparations and qumdine are the
most promusing
Very recently # new drug has been proposed by Anrep and his colleagues
for the treatment of angina The preparation 15 called khelhn which 1s
denved from a plant (dmm: visnaga) that grows wild m Egypt Exper~
mentally this has been found to increase coronary flow Only a few clnical
reports as to 1ts usefulness have appeared, but they seem to be favorable
It 1s thought to act beneficially 1n angma and also i bronchual asthma,
according to some observers I have had some experience wath 1t and feel
fairly well convinced that 1t 1s helpful In fact, 1t seems to do more good
than any of the above mentioned oral preparations It 1s given 1n oral doses
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(tablets) of 50 mg three tmes daily It can be grven intramuscularly,
expenence with this method 15 very hruted In a well-controlled sty
using placebos so that the observer did not know when the drug or ]
the placebo was bemng given, about 50 per cent of the cases obtamed defis
improvement m the anginal pain The reltef occurred within a day or 1
and persisted for as long as the drug was being taken and for a few d
thereafter The dufficulty was that 1n about one third of the cases the d
caused 1}l effects such as nausea and dizziness, and had to be discontinu
although m none were there any serious comphcations In some a sma
dose, 1, 50 mg once or twace daily, could be tolerated and proved he
ful Further observation will be necessary before final yudgment can
made, but at present it would appear that khellin (Eshell) has promus
value, especually 1f the toxic effects can be eliminated

As happens 1 anv chronic disease for which no spealfic effective tre
ment 15 available, many bizarre therapeutic methods are suggested s
often supported enthusiastically by their respective sponsors X-ray tre
ment over the adrenals has been recommended on the basis that epimey
rine acts as the trigger mechamsm responsible for attacks of angina T
tosterone propionate given intr Jarly has been heralded as a valua
cure I have tried all these medications and have failed to be convinced 1
they have any real speaific value The same may be said of vitanun £
has been clammed by some that this produces striking benefit 1n card
disease, especially angma pectons Most crtical observers have faded
confirm this view Finally it 15 thought by some that a snug abdommal b
apphed so that pressure 1s exerted npwards, elevating the diaphragm, c
prevent attacks of angina on effort This type of belt does help breath
1n cases of emphysema and possibly 1n cardiac patients with congests
failure, and also makes patients with enlarged lLiver more comfortable
therefore may mndirectlv be of some value 1n selected cases of angina
fact, more recent observations seem to confirm the ongmal view of Ke
that a defimste nunonty of patients with angina are helped by an appropria
abdomnal belt

Surgical Procedures

The recognition of the Iimutations of ordiary medical treatment f
many diseases, the lack of specific therapy and the rapid development
surgical techmue and newer surgical procedures have brought the gener
surgeon mnto contact with problems that not so long ago were entirely co
fined 10 the attention of the physician This has been true of pracucal
all the organs of the body The most recent spheres of surgical mntere
have been the lungs, the bran and, last of all, the heart We are now seekur
surgscal aud 1n the treatment of cardiac disease because of the falure to gy
our patients rebef usimng the older methods The problem of heart disea
sn this respect 1s difficult for many reasons The morbid processes are
the most part progressive The fundamental cause that 1s responsible fi
these changes 15 generally poorly understood so that further progress
the processes can be altered but very Iittle Finally the obvious technic
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difficulty of surgical manipulation of the 1ntersor of the heart has impeded
the kind of therapeutic progress that has taken place 1n the treatment of
disease of the kidneys, lungs and other organs Despite all this, attempts
which at first mught have appeared to be desperate have been made Early
1n this development sumple traumatic wounds of the heart were repaired
Some forty years ago Brauer mtroduced the operation of cardsolysis for
adherent pertcardtum Thus formed the stepping stone for further surgical
work that has proved of real value mn some otherwise hopeless cases of
pericardial disease Some years ago Cutler and Levine reported the first
case of valvulotomy for mutral stenosts Although the first patient survived
the operation and seemed to be somewhat improve ed, the great operative
mortality of the procedure rendered st ble The surg Like-
wise have been playmg their role mcmpts to relieve anginal pam
The first surgical attempts to relteve attacks of angina pectons consisted
1n removing the cervical sympathetic gangha Thus was first performed by
Jonnesco followng the suggestion made many years ago by the physiologist
Frangoss Franck At first the entire chain consssung of the supersor, mddle
and infertor ganglia including the stellate ganglia generally on the left side
was removed Later a simpler operation 1n which only the superior ganglhon
was removed was proposed by Coffey and Brown The results obtamned by
these operations were rather vartable It seemed that 1n about one half of
the cases some relief was obtaned but 1t was umposstble to predict who
would and who would not be improved I have had some patients thar
were greatly helped by this simple operanon, including one who was
enabled to walk miles without distress, and yet there were others who
seemed equally promusing subjects who were hardly reheved at all There
was much controversial discussion concerning the rationale of these opera-
tions as the sensory and motor pathways to and fro from the hyman heart
were not well understood The most recent potnt of view 1s that the logical
method of mterrupung the panful impulses 15 through the upper four or
five dorsal ganglia and not through the cervical gangha This has led to
of alcohol of the upper dorsal nerves or
exurpauou of these nerve roots The former type of operanon carries with
1t almost no surgical mortality but often results 1 uncomfortable pams
due to alcohol neuritis, whereas the latter 1s an elaborate surgical procedure
which when carried out on patients with angina will entad an appreciable
immedtate operative risk At present aleohol injections are very rarely per-
formed but mnterest 1 upper dorsal sympathectomy has been revived This
latter operation can afford satisfactory relief in a large majority of cases that
survive the operation Srmuthwick has performed a total dorsolumbar
sympathectomy 1n 2 small number of cases of hypertension who also had
angina, with no operative mortality and with very satisfactory chimcal relief
of the anginal pan It would seem that operation on the sympathetic
nervous system still has 1ts place 1n a imited well-selected group of patients
suffering from itractable angina with or without hypertension
T recall an instance 1n which 2 boy 16 years of age was suffering from
intolerable attacks of angina as a part of marked rheumatic aortic valvular
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disease The heart was markedly enlarged but there was no congestive heart
failure The boy’s condition was pitiful for he had terrific attacks of anginal
pawn accompanued by palpitaton Durnng these spells the blood pressure
would nse markedly The pan was very severe and would spread across
the upper chest, making the boy cry and beg for relief Nitroglycerin would
alleviate and shorten the distress These attacks occurred frequently even
while the patient was at rest m bed We contemplated surgical treatment
as all medical methods had failed The possible procedures that occurred
to us were a sumple decompressian of the chest as there was marked cardiac
hyperthrophy with a bulging of the precordim, a thyrordectomy or a
complete left-sided cervical sympathectomy It was decided to try the
latter The therapeunic result was most gratifymng  The pamnful attacks dis-
appeared Although the boy had spells, they conststed of palpitation and
the terrible agony that previously accomparued them was gone Instead of
being a most distressing, bedndden cardiac ctipple he was able to return
1o school, gammed weight and was happy Sumular favorable results 11 cases
of severe angina accompanying aortic valvular disease have been reported
following alcohol myections of the dorsal gangha T have had other 1nstances
m which, after such operations, patients who previously had been greatly
handicapped were mmproved and enabled to walk and carry on without
pamn The puzzling feature of all this 15 that the same operation often proved
to be a complete failure 1n cases that seemed promusing It appears, how-
ever, that these operations may yet be indicated m selected cases for the
relief of pam, although there 1s no evidence that they prolong life or that
they prevent the subsequent occurrence of sudden death or coronary
thrombosis
Another development in the surgical relief of angina 15 complete thy-
roidectomy Since 1932, when the operation was first performed, several
hundred patients have been similarly operated upon 1n various parts of the
world Enough time has clapsed to form some estimate of the results
obtamed The purpose of this procedure was to dimush the work of the
hearz and to ehminate any nervous or toxic effects that the thyrord gland
has been suspected of producing It was welt known that subtotal thyrord-
ectomy caused marked improvement tn cases of thyrotoxicosis associated
with angina ‘The operation was therefore applied to patients with a normal
thyroid gland
Observing the results obramned during the past years, I have come to the

following concluston In severe angma the operanon ehpunated ennirely
or reduced the frequency of attacks in the great majority of cases The
surgieal mortality was very small (2 to 5 per cent) There were sertous com~
phcanons followmng the operation in some 1nstances Postoperative tetany
or aphonia was extremely rare Qccasionally distressing psychoses de-
veloped The resultng muld but protracted myxedematous state led to
definite disabilities such as rheumatee pains, feeling of coldpess and fangue,
weakness, change 1n temperament and physical appearance, and other

complaints Al these sequelae detracted from the value of the operation

Despute this, many patents were considerably helped and were thankful
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for the relief of pan Others lived long enough to experience a return of
anginal pain which was difficult or impossible to relieve Because of the
frailies of human nature some of these latter forgot the fact that before
the operation their pans were msufferable and that they begged for relief
at any cost The final result 15 that at present I do not advise total thyrord-
ectomy for angina pectorts
Fmally different attempts have been made to increase the coronary cir-
culation by surgical measures Beck sewed the left pectoral muscle to the
pencardium overlymg the left ventricle O Shaughnessy anastomosed a
portion of the omentum through the diaphragm to the ventricle In both
instances elaborate expenmental work was first carried out in ammals
which seemed to show that new blood vessels developed in the heart mus-
cle Later a considerable number of patients with coronary artery disease
were subjected to these operations Also the left coronary sinus has been
hgated and the nerve fibers resected from the coronary artenies by Fauteux
1n a small group of patients with coronary artery disease Here also the
purpose was to encourage increased artenal supply to the myocardium
Another and simpler method of increasing blood supply to the myo-
cardiim has been employed by Thompson and Raisbeck They spray
powdered talc over the visceral pericardium to induce adhesions of the
two pericardial layers The report of their expeniences seems encouraging
Following the 1dea used 1n the surgtcal treatment of cyanosed congenital
cardiac patients, Beck has been trying to improve coronary artery flow by
anastomosing the subclavian artery to the coronary smus For the present
these surgical procedures must be regarded as stiil in the experimental stage
It 15 a heartening sign that numerous attempts at surgical treatment for
chromic heart disease are being made, for it 1s the last important organ for
the surgeon to explore

CORONARY THROMBOSIS

The clinical recogmtion of acute coronary thrombosis forms one of the
most wmnteresting chapters in the hstory of medicine Although there were
1solated 1nstances 1n which a climcal antemortem diagnosis of occluston of
a coronary vessel was made, such as that by Hammer 1n 1878, and although
there were other reports that touched upon the question 1 one way or
another, the first publication that discussed the chimcal features which
mught help us 1n differentianng an attack of coronary thrombosts from one
of angina pectoris was by Obrastzow and Straschesko 1 1910 A second
one by Herrick appearedin 1912 It only then became clear that there were
certam findings obtamnable antemortem which differentiated the two con-
divons In fact Herrick first emphasized that the condition need not be
fatal Before this there was a great deal known concerning the condition
from a pathologic pomt of view but the climcal findings 10 the living
panent remained entirely confused and obscured 1n terms like  status
angmnosus and myomalacia cordis It 1s dufficult to understand how the
great chmcians of the past many of whom had had abundant postmortem
expertence, could have overlooked this problem, especially when 1t 1s appre-
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disease The heart was markedly enlarged but there was no congestive heart
fature The boy’s condition was pruful for he had ternfic attacks of angnal
pan accompanied by palpitaion During these spells the blood pressure
would rise markedly The pan was very severe and would spread across
the upper chest, making the boy cry and beg for relief Nitroglycerm would
alleviate and shorten the distress These attacks occurred frequently even
whale the patient was at rest i bed We contemplated surgical treatment
as all medical methods had faled The possible procedures that occurred
1o us were a sunple decompression of the chest as there was marked cardiac
hyperthrophy with a bulging of the precordium, a thyroidectomy or a
complete left sided cervical sympathectomy It was decided to try the
latter The therapeutic result was most gratifying The panful attacks dis-
appeared Although the boy had spells, they conssted of palpitation and
the terrible agony that previously accompanted them was gone Instead of
being a most distressing, bedndden cardrac cripple he was able to return
to school, gained weight and was happy Simular favorable results 1n cases
of severe angina accompanying aortic valvular disease have been reported
following alcohol mjections of the dorsal gangliz I have had other instances
1n whuch, after such operations, patients who previously had been greatly
handicapped were 1mproved and enabled to walk and carry on without
pain The puzzling feature of all thus 1s that the same operation often proved
to be a complete failure in cases that seemed promising It appears, how-
ever, that these operations may yet be mdicated 1n selected cases for the
rehief of pam, although there 1s no evidence that they prolong life or that
they prevent the subsequent occurrence of sudden death or coronary
thrombosts
Another development 1n the surgical relief of angina 1s complete thy-
rordectomy Since 1932, when the operauon was first performed, several
hundred patients have been stmilarly operated upon 1n various parts of the
world Enough time has elapsed to form some esumate of the results
obtamed The purpose of thus procedure was to dimimish the work of the
heart and to ehmminate any nervous or  toic * effects that the thyroud gland
has been suspected of producing It was well known that subtotal thyroid
ectomy caused marked improvement in cases of thyrotowcosts assoclated
with angina The operation was therefore apphed to patients with a normal
thyroid gland
Observing the results obtamed during the past years, I have come to the

followmng conclusion In severe angma the operation eliminated ennrely
or reduced the frequency of attacks in the great majonty of cases The
surgical mortality was very small (210 5 per cent) There were serious com-
plications followmg the operation 1 some Istances Postoperative tetany
or aphoma was extremely rare O lly distressing psyck de-
veloped The resulting mild but protracted mytedematous state led to
definite disabilitres such as rheumatie pams, feeling of coldness and faugue,
weakness, change m temperament and physical appearance, and other

complamts Al these sequelac detracted from the value of the operauon

Despite this, many patients were considerably helped and were thankful
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to prostatectomy and 1 old debilitated individuals who are 1n a state of
shock for any reason Attacks of cerebral failure may occur as a result of
the same mechamsm that has just been discussed

Coronary thromboss 1s related to angina pectonss in much the same way
as an occlusion of a vessel of the leg with gangrene 1s related to intermttent
claudication The angnal state may be regarded as a transitory one, leaving
the heart in practcally the same condition after an attack as before When
a partal or complete occluston occurs, the muscle supplied by that vessel
suffers to a lesser or greater degree Sometime during the Lfe of those
suffering from angina a thrombosis of a coronary artery 1s apt to occur
Thus 1s the common cause of death 1 angina, although not a necessary one
There are a few cases of angina even among those 1 which death
imstantly, 1 which no acute thrombus can be seen Such hearts 1 m
expenence have almost always shown sigmificant atheromatous changes n
the coronary artertes In fact, T have seen but one case of angina in which
the coronary arteries were normal except when there was one of those asso-
crated conditions discussed above, hike aortic valvular disease, that ade
quately explamed the condition Also, there have been a few cases of angina
reported by others in which the coronary artenes were regarded as normal

1t has always been puzzhing to explain the precipitating causes of an acute
thrombosis There 1s both chmcal and paLhoIoglc evxdencc to make one
believe that 1t occurs at the site of a p or area
1n a coronary vessel The occluston, pamal or complete, then occurs rather
suddenly It 1s not due to an embolus dislodged elsewhere, for coronary
emboh are very rare and apt o be associated with vegetation at or near the
aortic valve Do further platelet thrombi develop on the roughened surface
of the vessel which lead to greater narrowing of the channel® This seems
reasonable but does not quite explam the extreme suddenness of some of
the attacks Or does the final occlusion result from the rupture of a miiary
subendothelia] atheromatous “abscess as some experimental studies of
Leary suggest? The latter hypothesis would explam the abruptness of the
symptorns better than the former Another possible mechamusm that has
been postulated 1s that minute hemorrhages first occur within the layers
of the wall of the coronary artertes and these are followed by changes 1n
the vessel wall such as narrowing and thrombosis Possibly all mechanisms
are involved mn different cases

A new method of studying the coronary artertes by 2 specux( type of
wmyection devised by Schl has thrown c on this
problem It has revealed that many thromboses occur that are not recog
nized 1n hife and that are not accompanied by the clincal features of an
acute attack to be described shortly It has also been found that thromboses
occur without infarction and that infarction can also take place without
thrombosts Most hearts have shown two or more occlusions, even as many
2s ten 1n rare mstances This technuc has revealed many new, mteresting
and important chinical pathologic correlations

Another perplexing aspect of coronary thrombosis 1s the frequency with
which a particular part of the coronary system 1s involved A common site
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1s 1 the descending branch of the left coronary attery about ! mch from
1ts onigmn Sclerotic changes and thrombosss are so common at thus particu-
lar spot as to make one suspect that a mechanucal factor 1s mvolved Is st
posstble that as the heart contracts there 15 a greater bend or torston of the
artery at this pownt? If this were so 1t could throw some ight on the hered;-
tary factor that 1s so striking 1n this disease We do inherit specific anatomic
characteristics such as the color of the s and configuration of the nose
May not those several members of a family with early coronary artery dis-
ease mhent a pecubar architecture of these vessels which puts them under
greater mechancal stram as a result of the normal twisting and bending
that goes on with the motion of the heart®> This presents an anatomic and
physical problem about which we have entirely too few data

The Clinical Prcture

Before taking up the chnical aspects of acute coronary thrombosis 1t will
be helpful to review briefly the pathologic process that 1s talung place
When a coronary vessel becomes parnally or completely occluded the area
of heart muscle supplied by that vessel becomes infarcted Early mn the
process there 1s extravasation of blood, then muscle fiber necrosis and finally
reparr by scar tissue If the mvolved area extends to the periphery a local-
1zed aseptic pertcarditis may develop, and if 1t extends inwardly the endo-
cardium may be mvolved, resulting 1n a large secondary ventricular mural
thrombus attached to the area of infarcion The local area of necrosts may
become sufficiently softened to perforate durmng the early days or the wall
may be weakened to such an extent that a localized aneurysm of the ven-
tricle results When satisfactory healing takes place due to the anastomosis
of collateral vessels, which 1s much more abundant 1n the heart than was
formerly thought, a healthv scar forms Thus sumple review enables one
10 picture some of the clinical events that occur

Attacks of coronary thrombasts seem to occur more frequently at rest
than during effort Furthermore, the patient may become restless and walk
around or pace the floor instead of remammng still In this respect 1t differs
from angina pectons It s a common experience to find that the patient 1s
aroused from sleep with the attack On close questiomng many will confess
that duning the preceding day or two they had not felt quite so well and
may have had more or less mulder discomfort 1n the chest Oceastonally one
may suspect that a coronary thrombosss 1s impending when a patent who
previously had ordmnary attacks of angina promptly relieved by rest or
mtroglycermn suddenly starts having attacks without effort, lasting a half

hout or so and not tesponding to rutroglycerin, also, 1f simlar severe symp-
toms occur without preceding angina, an outspoken coronary attack not
mfrequently follows 1n a few days

In ats typical form the pamn of coronary thrombosts becomes very severe
almost unbearable The location and severty of the pain vanes a great deal
1n dafferent cases just as there 1s a striking vanability of most of the clinscal
features of the disease Although no single sign or symptom 15 found m all
cases, there generally 1s enough evidence of one form or another to make a
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farrly defiite diagnosts The amount of pan may vary from none at all to
the most severe agony any mortal can suffer It takes the form of a pressure
or ternible crushing or squeezing sensation Its locatton most often 1s 1n the
muddle of the chest centenng around the sternum, or between the two
mpples It can exther begin 10 or even be limited to the upper epigastrium
near the enstform It often radiates to the upper mudback, shoulders and
arms It must be borne 1n mund that in some the distress 1s not very marked
and 1n fact there are a few who are not prevented from carrying on their
actnvities throughout an attack The duraton of the pain 1s also vanable,
lasung from an hour or two to several days In some 1t comes 1n waves,
cach lasting about fifreen munutes untl 1t becomes conunuous Generally
after six or twelye hours the seventy has abated although a mulder soreness
persists Not uncommonly after the pam has subsided it returns m varying
degrees for several days or longer

Breathlessness may be the presenting complaint partscularly 1n those
occastonal instances 1n which pan 1s very shght or absent Although
dyspnea 1 not present in most cases there are a few 1n which the clinical
picture 1s one of acute pulmonary edema Even when the respiratory symp-
toms are not so fulminating, orthopnea or other evidence of embarrassed
breathung may be apparent

In the great majonty of nstances there 15 a pecultar and rather character-
1stic appearance of the panent during the hesght of the attack He seems to
be 1n shock The skin 1s cold, morst and takes on a gray ashen color The
face 1s anxious and one 15 quckly aware that something profound has hap-
pened In the early hours and days sweating 15 often very marked, resulung
1n dehydration and a Joss of salt from the body In fact a very most skin
may persist for weeks and gives one the mmpression that the underlymng
process of myocardial infarction 1s sull actve or insecure In some atypical
cases a moist skin may be the first clue that the illness which was painless
and consisted mainly of weakness 15 due 1o an acute coronary thrombosis
Great weakness 1s often very striking even when there are but few other
complamts With this there 1s generally a fall in the blood pressure This
fall occurs 1n varying relation to the onset of the attact Sometimes the
first reading that the physician obtamns 1s extremely low or the pauent may
already be pulsefess Not infrequently the blood pressure s still elevated
dunng the first few bours and falls subsequently On very rare occasions
no sigruficant change takes place at all In the typical case the systolic pres-
sure that was around 170 mm gradually falls to 110 mm , although this
change may take place over several days With the progress of the case 1t
may return to its previous level or be permanently lower to a greater or
lesser extent Pracucally always the pressure returns approximately to the
ongmal level dunng the following year or two

1nal p are often p and may be troublesome

fmm 2 dragnostic or from a thcrapcuuc pomnt of view The abdominal pamn
and tenderness which occur 1n a few cases resemble an acute surgical con~
dinon Even slight icterus may be present Nausea, vomuting and distention
may be distressing and at times ble the p of acute 1
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obstruction Vomuung 1s very common during the first hours of the attack
and may become even more promunent after the frequent myections of
morphine are given whuch are necessary to control the pamn Occastonally
annoying hiccoughs develop Usually all these symptoms disappear after
one to several davs

A slight fever and leukocytosis are very common accompamments of
coronary thrombosis They both require some time to develop and are
generally present i twenty-four to forty erght hours, although they may
be found at tumes as soon s six hours after the onset The fever 1s often
overlooked 1f the temperature 15 taken by mouth as these patients are 1
shock and the periphery of the body may be actually cold in the presence
of a true fever This error will be avoided 1f a rectal temperature 15 taken
I have often found the latter to be =101 F when the mouth temperature
was only 98° F The shght fever lasts from three to seven days, rarely
longer The leukocytosis ranges around 15,000 to 20,000 and also lasts
several days The sedimentation rate of the erythrocytes 1s also mncreased,
probably as a result of the myocardial infarction Tlhus mcrease 1s apt to
occur a few days after the onset of the attack and may persist for two weeks
or more even after the fever and leukocytosis have disappeared Occasion-
ally the sedimentation rate may indirectly axd in differentiating an attack
of coronary thrombosts from one of angina pectors or other conditions or
may help 1n the decision as to whether an extension or aggravation of the
myocardial infarction has taken place

The findmgs on examymation of the heart are variable The sounds gener-
ally dumunush strikingly 1n intensity so that at tunes they are almost inaudi-
ble The rate becomes accelerated to about 100 to 120 and 1n many 1nstances
a definute gallop rhythm can be heard Just as 1s true of all these individual
features, there are numerous exceptions QOccasionally there 15 no accelera-
tion of the heart rate A small number of patients will show a transent
pericardial friction rub When thus occurs 1t 15 extremely helpful 1n diag-
nosts but 1ts development will depend upon the location and extent of the
myocardial infarcnon Almost any of the disturbances i rhythm with
which we are familiar may develop during the early days following an acute
coronary thrombosis When they do occur most of them are transient and
the normal rhythm returns Of the important arrhythmuas, transient auricu-
lar fibrillation 15 most common Auricular flutter 1s rare but ventricular
tachycardia 1s not Extrasystoles are also Some
patients will show partial and a few will develop complete heart block even
with Adams-Stokes attacks of syncope Conduction defects are more apt
to develop with postertor lessons The apex impulse disappears as a result
of the feeble contraction Although one mught think that with such a pro-
found snjury to the cardiac mechamsm dilatation would occur, x-ray studies
have shown no such change

The examunation of the lungs will frequently show some rales at the
bases, especially on the nght side Occasionally typical endence of acute
pulmonary edema will be found with moist or bubbling rales alt over the
chest In fact, an attack of coronary thrombosts may be ushered 1n by ths
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type of onset even without chest pain Sudden dyspnea may, therefore,
replace sudden pain as the presenting complaint Cheyne-Stokes breathing
1s very common even when there 1s no subjective respiratory distress The
abdi 1e 10n 15 g 1ly not remarkable, although in a few cases
the findings resemble an acute surgical condiuon for there may be tender-
ness and muscular spasm 1n the epigastrum or right upper quadrant In
some cases at least these findings are due to an acute passive congestion
and enlargement of the liver with the accompanying tenston on the liver
capsule In one case m which the abdomen was explored a5 a result of 2
mustaken diagnoss this was observed
The uninary findings deserve some mention Many patients will show
marked oliguria and some will void practically no urine for twelve to twenty~
four hours This 1s the result of the low blood pressure and the state of
shock The urne that 1s voided 1s concentrated and may show an appre-
ciable amount of alburmn and numerous cells and casts Glycosuna s very
common, first because so many diabetics develop coronary thrombosts and
because others who never had glycosuna before may temporanly show
sugar 1n the urine as part of the coronary attack Some of the latter are
posstbly mild or potential drabetics but 1t seems that 1n others, who tem-
poranly show glycosuria, 1t 1s entrely precipitated by the heart attack
What 15 important to bear in mund 15 that the unnary findings indicative
of renal disease need give us no great concern as they always clear up if the
crrculation 1mproves The same may be said of the glycosura It rarely 1f
ever requires insulin during the acute stages In general st 1s better to dis
regard the diabetes unless, as very rarely occurs there 1s a significant aci-
dosts as shown by a lowering of the carbon dioide combmung power of the
blood
Electrocardiography has been a most important ard in the diagnosts of
coronary thrombosis Although Herrick very early m his work suspected
that certain electrocardiographic changes mught possibly be the result of
coronary thrombosts, 1t was Pardee who first established the fact that during
the early hours or days after an attack, the ventricular complex may take
on a peculiar form Thus consisted of a high take-off of the T wave from
the QRS complex before the latter reaches the ssoelectric line m one or
another of the customary three leads This does away with the normal short
flat interval between the mitial and final phases of the ventricular complex
It has also been found that rapid alterations in the complexes occur durning
the succeeding days or weeks following an attack The T waves become
rounded and dipped (cove shaped) and finally pecularly inverted (Chap
21) Atany one partcular time these tracings may appear essentially normal
but 1f a senies of several electrocardiograms 1s taken during the first two
weeks, most 1f niot all will show defintte or at least suspicrous alteratons
The mtroduction of precordual leads by Wilson Wolferth and Wood has
further d the useful of el d hy, for there are some
mnstances 1 which the area of infarction 15 so located that the customary
limb leads fail to show any sigmficant aberrations while the chest lead will
bring forth defiute evidence of heart muscle mjury
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Electrocardiography has not only been valuable in diagnobis, but has
enabled us to predict i many mstances the exact location of the area of
mfarction Injuries to the antertor part of the heart generally occurring 1n
the lower lateral portion of the left ventricle near the apex and resulting
from a thrombos:s of the descending branch of the left coronary artery are
associated with one type of electrocardiogram  Simular injuries to the poste
nior part of the ventricle, erther resulting from a thrombosis of the circum
flex branch of the left coronary artery or of the right coronary artery, pro-
duce a different set of changes In the former the hugh take-off of the T
wave with subsequent mversion of the T wave and the appearance of a Q
wave occur m Lead 1 In the latter type these similar changes occur in
Tead IIT Wilson has indeed shown that whle the changes in the T wave
are often transient with even complete restoration of the normal appearing
upnight T wave, the changes in the mnal ventricular complexes, notably
the Q wave, are apt to be permanent In thus way one may be enabled to
suspect months or years after an attack that one previously had taken place
Further electrocardiographic details will be taken up 1n Chapter 21 All
forms of conduction disturbance are found, such as partial or complete
heart block and bundle branch block Also i some the ventnicular com~
plexes are of unusually low amphtude Unless the changes are quite charac-
tenistic, caution must be exercised i accepting alterations in the complexes
as unequivocal evidence of myocardial infarction, as they may oceur in a
vanety of other conditions such as pulmonarv embolism, acute dissecting
aneurysm, acute nephntis, urerma and rheumatic carditis

In an uncomphcated case of coronary thrombosts of moderate severity
the patient 15 apt to become free from pain after the first day and thereafter
to reman quite comfortable In other patients pain returns irregularly over
a much longer ume Those whose respiratory function becomes embar-
rassed may have marked dyspnea and orthopnea The various irregulanues
of the heart previously mentioned may suddenly change the clucal status
and require special attention At any tume during this iliness sudden death
can occur exther as a result of ventnicular fibrillation or rupture of the sof-
tened infarcted area of the ventricle or possibly from complete heart block
Ruptures do not usually occur until about the fourth to seventh day and
take place 1n those areas that have httle 1f any fibrosis It 15 more likely to
occur 1 those cases 1 which there has not been much of a fall in blood
pressure

When the mfarction nvolves the ventricular septum and 1s extensive 1t
may rupture The mam evidence of this 1s a sudden appearance of a loud
systolic murmur over the mudprecordium and near the apex With this
complication there 1s tikely to occur a sudden change for the worse with

collapse Bernheim’s syndrome may develop, 1 ¢ , right-sided heart farlure
with mereased venous pressure resulng from bulging of the interventricu-
lar septum into the nght ventricular cavity

Anotber type of complication 1s embolism In many of these cases a fresh
mural thrombus develops 1 one of the ventricles, generatly the feft, con~
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tiguous to the area of nfarction Portions of this thrombus may become
dislodged and occlude other vessels producing secondary embolc lestons
If they come from the left ventricle hemuplegia, renal, splenic or mesen-~
teric mfarcts may result or gangrene of one of the extremuties If they anse
1 the nght ventrcle, pul or occurs These are
most apt to take plave after the ﬁrst few days The pericarditss that occa~
stonally 1s found reqiures fio particular concern as it almost never results
m empyema or pencarchal effusion It 1s evident, therefore, that the exact
course which any individual case may take can vary greatly

Fartalities may take place with great suddenness even when everything
seems to be going most favorably In other patients there 1s a gradual weak-
ening of the pulse with a low blood pressure, marked v eakness and a quuet,
peaceful end In some there 1s a great deal of dyspnea and air hunger

When recovery takes place we also have different sequelae to be antici-
pated There are some who having suffered from angma pectorss, either
have no symptoms at all after an attack of coronary thrombosts or have
much less trouble than they had pror to the attack These patients are apt
to be the ones who previously had hypertension in whom the pressure
becomes permanently Jowered after an occlusion of one of the coronary
artenies In others anginal artacks retum with the same frequency and in
some angma pectors may appear for the first ime after a coronary attack
There 15 a large group which never having shown any dyspnea or con-
gestve heart fanjure, first begins to mamfest these symptoms after an attack
of coronary thrombosis Occasionally this occurs duning the first week fol-
lowing the attack but more commonly the panent becomes ambulatory and
only months or years later begins to have general arculatory faillure

A localized aneurysm of the left ventricle with thinming and weakening
of the wall occasionally results from a previons mnfarction Curously
enough rupture of the ventricle which 1s by no means rare during the
early days of an acute attack, rarely 1f ever occurs at the site of such chronic
fibrosed ventricular aneurysms They are present after recovery has taken
place and the patient 1s ambulatory, and the condition 15 compatible with
a fauly sausfactory state of the circulation The diagnosts of ventricular
aneurysm will rest on a previous hustory of myocardial infarction, the find-
1ng of a visible and palpable ape< impulse well nside the outer border of
dullness, 2 dumimshed first heart sound certam suggestive electrocardio-
graphxc changes (Fig 159) and x ray examunaton The latter will show a

hized bulge and on f picor k thus bulge

will be observed to expand outward with systole as the neighboring mu -
culature contracts nward

Prognosis

The prognosis for patents with acute coronary thrombosis with myo-
cardsal infarction 1s varable When large senes of these patients were first
studied 1t seemed that about 50 per cent recovered and the other 50 per
cent died during the acute attack The true figures are now much more
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favorable because n the former studies only classical, easily recogmzed
cases were mncluded Now, with more advanced methods of diagnosss,
many milder cases can be included and the immediate mortality will vary
between 15 and 25 per cent, dependng on the accuracy of the diagnosis
In an extensive review of the immediate mortality certam pomts of
mterest came to hght Anteror and posterior {esions were equally serious
‘The mortalitv was lower 1f fi electr o phic changes were
shight or absent, was slightly higher for women than men and was definutely
higher in older than vounger mdwiduals A previous histors of angma
improved the immediate prognosis, while a preevisting hypertension made
1t worse A marked fall in blood pressure, especially if the level was mam-
tained below 80 mm for some tune, made the outlook quite grave The
seventy of dyspnea was more omunous than the degree of pain In general,
the immediate mortality was greater if the customary clhinical features of
acute coronary thrombosts, 1€, a higher fever, more rapid pulse, greater
greater leutocytosts and more profound shoch, were more promment
After recovery from an acute coronary thrombosis had taken place the
duration of life was found to vary greatly, the average being about three and
one-half years There was hittle difference 1n the length of survival between
subjects with antertor and those with posterior mfarctions Those with only
munor alterations in the electrocardiograms ltved longer One fourth died
1n one year, one halfin two years, three fourths 1 five years and the remain-
der at varymg intervals up to more than twenty five years Two thirds had
angina some tme after the attack of coronary thrombosis and about one
fourth developed congestave falure The Iatter complication occurred more
frequently with antenor than with posterior infarcion About 30 per cent
resumed essentially full duties for varying lengths of time and the remam-
der were more or less restricted The survival peniod for women was much
shorter than for men and 1t was much longer for younger subjects than for
older ones
As an illustration of the difficulties 1n prognosis the following expertence
15 of interest A physician had a severe attack of coronary thrombosss at the
age of 45 During the subsequent fourteen years he had several more attacks
of coronary thrombosis and many attacks of paroxysmal ventnicular tachy-
cardia On more than one occasion he was m profound shock semiconscious
and pulseless, with a heart rate of 200 or more With the first attack and
durmg most of these years a defimte gallop rhythm was present He has
not shown evidence of sigmificant congestive failure and there has been no
dyspnea He 15 sull ambulatory but has frequent attacks of angma which
are promptly relieved by nutroglycerm Incidentally, he persists in smoking
ten cigars daily, eats two eggs every mormng and 1s quite happy
‘The knowledge that some can recover and carry on in good health for a
long time, even fifteen years or more, PELITILS US to encourage our patients
Furthermore, sansfactory recovery from a second and even multiple attacks
occurs but with mcreasing ranty In general the prognosts should be
guarded but always hopeful for even n the face of an extremely severe and
desperate attack satisfactory recovery may take place
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Dafferential Diagnosis

There are several condiuons that may at times become easily confused
with coronary thrombosis Of first importance are the conditions that
resemble acute surgrcal states of the abdomen such as gallstone cohe, per
forated peptic ulcer, acute pancreatitis, acute appendicitis and acute intes
tnal obstruction All the diagnosuc methods avatlable may be requured to
arrive at the correct diagnosts 1n such cases, and despite care there will be
rare mstances m which errors will be made The presence of dyspnea with
the attack and the radration of the pam to the sternum or to the arms may

be helpful in d 1on The el d may be the furning
pomnt on which a diagnosis will rest There 15 also the opposxte danger of
overlooking an acute surgical d requiring

operation m our enthusiasm to detect instances of coronary thrombosis,
for 1t must be borne 1n mind that patients with known orgamnuc heart disease,
as well as those who are only suspected of having 1t, may also have these
very surgical conditions that require an operaton Under certain circum-
stances, when the diagnosis 1s 1 doubt, 1t probably would be safer to
explore the abdomen even at the risk of an unnecessary operation rather
than to overlook a perforation of the stomach

Another condmou that may closely simulate acute coronary thrombosis
1s pul bolism or pul 3 infarction (acute cor pulmonale) In
both there may be sudden circulatory collapse dyspnea, a rapid thready
pulse and cyanosis Pain in the chest 1s less common with pulmonary em-
bolism, although 1t does occur and 15 partrcularly disconcerting when 1t
takes place on the left side On the other hand, pain may be absent 1n both
conditions During the early hours after 2 pulmonary embolism there 1s
no hemoptysis and exammation of the lungs 1s apt to be of no help 1n diag
rosts Both condittons may occur after surgical operations but 1t will help
to symphfy matters if a cause for pulmonary embolism such as phiebinis
can be detected Distention of the veins of the neck, althongh not an abso-
lutely distinguishing physical finding 1s more likely to be present with a
pulmonary than with a coronary attack In pulmonary embolism the pul-
monary second sound 1s often accentuated and there 1s 2 systolic murmur
m this area probably due to the dilated pulmonary artery and the mncreased
pulmonary pressure prowmal to the embolus Finally, the electrocardio-
grams may prove valuable 1 diagnosis Mmor changes m the ventricular

compl are 1o both, but poken alterations like 2 very high
take-off of the T wave or a sharp rounded mversion of the T wave occur
only with cardiac infz O lly the elect ol are suffi-

ctently distinctive to make 2 farly defiute dragnosis of acute pulmonary
embohsm (Chap 21, Figs 161 to 166)

Two expeniences, almost sdenucal 1 detaid, that had mmportant medico
legal umplications are of interest 1n thys regard A man about 45 years old
was accidentally it 1n the ankle while at work He limped around for the
rest of the day having muld pam in the leg A few days later an x ray revealed
a shight fracture The leg was put in a cast and the man put at rest Two
weeks later he suffered an atteck which was diagnosed acwte coronary
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thrombosis with posterior mvocardial mfarcuon He died a few davs later
and no autopsy was performed Three months later I recetved the above
mformation and was ashed by the widow’s attornev to help in the Ltgation
that was gomg on Not wishing to appear 1n court I was ready to express
an opion 1A wnting [ stated that af the man died of a coronary thrombosis
1t was questionable whether there was any relation between the onginal
accident and the death three weeks later However, I suspected that the
correct diagnosis was a sudden pulmonaty embolism from a thrombo-
phlebiuts of the rpht leg and 1f that were true death could be regarded as
a durect result of the accident In that case the trauma, the cast and the
immobility caused the thrombophlebitis and the dislodgement of a clot
caused the fatal pulmonary embolism 1 therefore urged that the body be
disinterred and an autopsy be performed This was done and the predicted
findings were confirmed The heart was normal, there was a large pul-
monary embolism and a thrombophlebitis of the leg was found The second
experience was exactly sumular to the above In both instances the widows
rightly obtamed the compensation that was their due, which otherwise
would have been dented them
The lessons to be drawn from these two experiences are (1) that the
physician should think, first of pulmonary embolism rather than coronary
thrombosts if some thoracic catastrophy follows a trauma, and (2) that
electrocardiograms of acute cor pulmonale may resemble those of posterior
myocardal mfarction Furthermore, it 1s apparently valuable at times to
perform an autopsy even months after bural
In reviewing the differential dragnosis I need but recall errors that have
occurred, some of whuich I have made myself In one mstance some years
ago I made the diagnosis of coronary thrombosis because of sudden suffo-
canon and collapse occurring 1n a man 60 years of age The pauent seemed
to be 1 shock with a rapid thready pulse Although there was very lirtle
pan 1 thought he had had a coronary accident It was not until the next
day that I realized that one side of the chest was not expanding with respira-
tion and there were pracucally no breath sounds on that side He had a
complete pneumothorax from which he recovered very sausfactonly
Another more difficulty m d 1s the 1ation of
s and coronary thromb The fairly acute onset of chest pam,
cough, dyspnea, cyanosss, the development of fever, leukocytosis, rapid
pulse and rales 1n the lungs occur 1 both conditions There are no sigmfi-
cant alterations 1n the electrocardiograms 1 pneumona, however This
differential diagnosss at times 15 very difficult and I recall ernng in both
directions, considering a case one of pneumomia when it was coronary
thrombosis and 1n another malung the opposite mistake Electrocardio~
grams may serve to differentiate the two No doubt many elderly patients
considered as having p really have suffered an attack of coronary
thrombosis
Diabetic acidosis and coma may be stmulated by acute coronary throm-
posts Inasmuch as the latter often occurs m diabenic patients glycosura 15
very common There may also be an associated acido 1s with diacenc aad
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sn the urme and a lowered carbon dioude combmung power of the blood
When such findings accompany a state of semistupor or complete uncon-
sciousness one 1s strongly tempted to regard the condition as diabetic coma
All this, however, can result from an attack of coronary thrombosis Inas-
much as sulin may be harmful to patients with coronary artery disease
great care must be diind 1ng the two cond If the
blood sugar 1s not high, nsulin should not be given and even when found
to be clevated only small doses should be used unless 1t 1s certan that dia
benc coma 15 present In general I have very rarely found 1t necessary to
wse insulin 10 such patents

Hamman has called attention to a conditton that may closely simulate
acute coronary thrombosts He called 1t * spontaneous interstitial emphy-
sema of the lungs Many of us must have confused these two conditions
1 the past Such panents are suddenly stricken with violent pain over the
precordium with radsation to the left shoulder and left arm and there may
be an acceleration of the pulse, a leukocytosss and slight fever All this
results from the rupture of an air sac in the lung that dissects 1ts way along
the bronchit and blood vessels and infiltrates the mediastinal tissues The
air may extend 1n the subcutaneous tissue to the neck or may reach the
pleural space, producing a pneumothorax The most important and charac-
tenistic finding 1s the presence of unusual clicking grunting or crunching
sounds synchronous with the heart beat These sounds may be influenced
by resprration and may be entirely absent with the patient flat on hts back
only to be brought out 1n the left lateral posiion In some, the x-ray will
show air in the left pleural cavity or in the anterior mediastinal spaces Thus

18 bemgn, as plete recovery 1s apt to occur The

only treatment necessary 1s sedation for the pan and a brief period of rest
Its importance hes in the fact that 1t needs to be differentiated from coro-
nary thromboss and st impels us to watch carefully for these unusual aus
cultatory findings It also must not be confused with nosses that are rarely
heard 1n cases of draphragmanic hermia  Such splashing  heart noises
result from the beating of the heart against the stomach or intestines, which
may lie 1n the chest

There ts a group of patients 1n whom the early symptoms of the acute
stage are so muld thar they are disregarded and the subjects present them-
selves as medtcal problems only after an embolus has occurred, particularly
when a hemiplegia results Some cases that are diagnosed cerebral hemor-
rthage fall mto thus group The possibility that a hemplegra may be due to
an embolus dislodged from a left ventncular mural thrombus following a
coronary thrombosis should always be considered when 1t occurs 1 a
pattent who has a low blood pressure Even i elderly patents cerebral
hemorrhages of the ordnary type, excluding thase resulting from aneurysms
of the cerebral vessels, rarely 1f ever occur without hypertension A consid
eration of all the diagnostic points may be necessary in order to arrive at
the correct diagnosts

There are atypical cases of coronary thrombosis 1n which extensve expe
nience will be necessary to avoid making erroncous diagnoses In particular
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1s this true of the occasional instances 1n which pan does not occur Here
there 15 apt to be sudden breathlessness and a feeling of exhaustion In such
cases the dyspnea will be found to be out of proportion to other evidences
of heart fallure When thus 1s the case, a low blood pressure, 1f known to be
Iugh before, together with other features such as changes 1n the eleciro-
cardiograms will give one the proper clue
When the coronary vessels are slowlv narrowing, infarctions of the heart
mav occur without any acute episode This mav take place n patients who
have progressive heart failure and are regarded as suffening from chrome
myocarditis Even here a proper survev of all the data, especially obtanirg
a hustorv of early angina pectoris and the study of the electrocardiog rams,
mav enable us to anticipate the true pathologic state
Constderable iterest has developed in the diagnosss of dissecting aortic
aneurvsm which 15 often confused wath acute coronary thrombosis The
pain 1n the fomer comes with even greater suddenness than n the latter
The pam 1n the chest 1s crushing may extend through to the back and at
umes even to the legs Hypertension 15 almost inyvanably found and 1t tends
to persist after the attack ¥ever and leukocytosis develop but there are
none of the irregularities of the heart or a friction rub that occur 1n coronary
thrombosis Although the electrocardiograms i most cases remamn un-
changed and fail to show sigmificant alterations in the ventricular complexes,
T wave changes resembling myocardial mfarction may appear as a result
of pressure on one of the coronary artertes by the aneurysm In fact, some
of the peculiar findings m this condition will depend on the location of the
dissecting aneurysm and the direction which the dissection takes After
splitting the wall of the aorta, the aneurysm and blood clot may extend
down the abdommnal aorta even to the iliac vessels In 1ts course 1t may
compress any of the arteries that are given off from the aorta and produce
a vanety of symptoms Giddiness and blurring of viston may result from
the effects on the caroud artenes, anuria or hematuria from 1nvolvement of
the renal vessels and pamn and numbness mn the legs from occlusion of the
common 1liac artery Paralysis of the imbs may develop from iy olvement
of the spmal cord The penpheral pulse 1n one or another of the imbs of
the body may disappear Sudden death frequently occurs from rupture of
the aneurysm Although the two conditions have many clinical features 1n
common, careful consideratton of the finer differential pomts wvolved,
especally the direct findings 1n the heart, will generally suffice to distin-
guish coronary thrombosis from dissecting aneurysm
Dissection and rupture of the aorta, often artertosclerotic 1n type, may
take place m its abdomunal porton The symptoms can then be quite
baffiing and resemble acute pancreatitis, perforated peptic ulcer or an acute
gallbladder attack There may be fever, a brish leukocytosts and pamn 1
the might upper quadrant and back The dissection may rupture 1nto the
pleural cavity
Incomplete tear or rupture of the aorta also occurs that may or may not
be followed by dissection It 15 extremely difficult to recognize this condi-
t1on chinucally Tt may account for attacks of choking or suffocation or mud
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chest pan occurring 1n patents with hypertension These tears are gener-
ally honzontal and when they are present quite close to 2 commussure of
the aortic valve, it appears that the valve may sag and result in zortic insuffi-
ciency Ths 1s thought to be the explanation of an aortic systolic and
diastolic murmur that may develop in some patents with incomplete rup-
ture of the aorta Healing of these tears can take place or dissection may
develop hours, days or even months later
With the great increase 1n knowledge concermng coronary thrombosis
that has taken place 1n recent years, the diagnosis 1s now bemng made too
frequently Whenever the evidence 15 not entirely convincing one should
search for other conditions Apart from gallbladder disease and gastro
mtestinal disturbances already mentioned, bleeding peptic ulcer and dia-
phragmatic herma must be considered The shock, weakness, raptd pulse,
and fall 1n blood pressure resulting from hemorrhage can resemble a pan-
less coronary thrombosis Simularly the pecubar distress 1n the chest that
may occur with a diaphragmatic herma, especially in women, may simulate
a coronary attack In neither case, however, will there be found reliable
evidence of myocardiel infarction Herpes zoster, arthniis of the spne,
carcinoma of the lung and syphilitic aneurysm of the aorta are other con-
ditions not to be confused with coronary thrombosis The list of diseases
that may enter into a differential diagnoss 1s almost endless, as 1s well illus-
trated by an expenence 1n which coronary thrombosis was confused with
the very rare condition called draphragmatic flutter
Frmnally the differentiation of simple angna pectorss and coronary throm-
bosis needs consideration Generally this 15 not difficult All the features
discussed 1n the preceding pages under these two headings help to disun
guish the one from the other Although most attacks of angina last only a
few mnutes, some contnue for fificen minutes or more It 1s not always
possible to detect evidence of coronary thrombosis when attacks last longer,
although some of these no doubt result i myocardial infarction In many
cases, on postmortem exanunation, there have been noted several 1solated
areas of fibrosts from old infarcuon, n which a corresponding number of
attacks cannot be distinginshed from a chmeal pomt of iew Furthermore
I see patients with typical angmna pectors 11 whom I can obtamn no evidence
whatever of an attack resembling typical coronary thrombosts who yet show
defimite evid 1n the efect d ofap dial infarc
tion The term acute coronary msufficiency may well be apphed to
attacks of prolonged coronary pam m which no evidence of myocardial
infarction appears The most careful observation of patients with so-called
attacks of severe angna pectorss, watching for a shight fever or for signifi-

cant al m the elect d will be necessary to arrive at the
correct diagnosis

Treatment

There 1s hardly any other condition 1n the general field of heart disease
1 whach 1t 15 more difficult to appraise the value of specific measures of
therapy than 1n the treatment of acute coronary thrombosts Events occur
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with such suddenness that one may be too ready to attribute the last pro-
cedure employed as a cause of the result, whether favorable or unfavorable
Notwithstanding this there are certam methods of treatment that for the
present meet with general acceptance and others that may be regarded as
sull 1n the experimental stage or at least open to doubt
Of first importance 1s the relief of pain This 15 best obtaned by the
liberal use of morphmme The amount necessary will varv from one dose of
0015 gm (] gramn) subcutaneously to many such doses When the pam 1s
very severe and persisting morphine should be repeated in one half hour
or 50 and at times a gramn or more will be necessary Morphine should be
given subcutaneously or mtravenously as oral admimstration will be en-
tirely mnadequate Demerolin doses of 100 mg may also be tried Papaverne
(005100 1 gm given intravenously) has been suggested for severe coronary
pan This may be admimstered every four to six hours for several days
There have been ssolated mstances of sudden death following within one
or two munutes after the intravenous use of papaverine in coronary throm~
bosis In fact, the mtravenous mjection of many drugs mn cases of coronary
dssease occasionally causes nstant fatality It does not appear to be a
speaific result of any one chemical compound, for the variety of drugs
responsible for such sudden and unpredictable disasters 15 great In this
group can be menuoned arsentc, mercunal duretics, amumophylime, papa-
venne and caffeme The exact cause of thus 1s obscure The abruptness of
the action makes one suspect that these chemicals act as a trigger i a sus-
ceptible heart in producing ventricular fibrillation or standstill of the heart
During the early munutes atter the onset, 1if the patient s condition seems
very critical, he should not be moved or even undressed unless 1t 15 ex-
tremely inconvenient to treat um as he 1s These changes are often better
made a few hours later When, as occasionally happens, the pauent quickly
becomes unconscious and pulseless the hypodermuc use of adrenalin (05
tolcc of a1l 1000 solution) 1s indicated and may help to restore con-
scrousness
It has been suggested that mnjecung a liberal amount of 05 per cent
novocan subcutaneously 1n the precordial region, particularly over the
pamtul area, may control the intractable pamn of coronary thromboss
Although I have had no extensive experience with this method of treat-
ment, 1t seems quite safe and may obviate the need of repeated injections
of narcotics with their nauseatng effects
Complete mental and physical rest 1s paramount The patient should be
spared all possible phystcal movements Frequent tiring examnations are
undesirable After the mutral pamn has subsided, sleep should be assured
the first few mghts, even ustng morphune if necessary [t 1s yust as well to
avord the use of enemas for one to several days despite the absence of bowel
movements There 1s very little food consumed during these days and 1t 1s
ot necessary that the bowels should move every day An enema on the
thard or fourth day will often be better tolerated Thete 18 very little that
can be done for the nausea and vomting that occur during the first day or
so They are partly the result of the attack and partly brought on by the
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morphine that 1s given, generally they subside after the first day, especially
1f narcotics become unnecessary
Constderable dehydration develops 1 some of these patients They often
lose a great deal of water and salt with the marked perspiration that occurs
and from the vomiting and 1nabrhity to retan fluds and nourishment taken
by mouth It sometimes 1s imperative to admnuster 1000 cc of normal salt
solution or 5 per cent glucose solution ntr
Some observers have been very favorably impressed by d\e results of mtra-
venous 1njection of 100 ¢c of 50 per cent glucose solutton T have not wit
nessed any striking 1mp! g this dure Another reason
for encouragng the imtake of flind 1s the olxguna that may amount to a
complete anuria so common after an attack There 15 also some ground to
believe that the adminmistration of sodmm chlonde would be destrable for
the state of sheck can certamly be aggravated by the great loss of salt that
takes place from excessive perspiration in some cases
Oxygen may be of use When there 1s marked dyspnea and pulmonary
congestion the mhalation of oxygen can improve breathing and cyanosts
In fact I have also seen instances in which severe and persistent pamn
seemed to disappear promptly after placing the patient 1n an oxygen tent
Duning the first hours stimulants like caffeme and adrenalin may be bene-
ficial, the former for respiratory distress and the latter for shock and a low
blood pressure It 1s difficult to be convinced of their nltimate favorable
effects but they seem to be helpful What 1s much needed 1s some method
of combatng shock and the low blood pressure that 15 often present, for
apart from other 1lf effects such as decreased renal flow and increasing
nutrogen retention, prolonged shack probably increases the area and sever-
1ty of the onginal myocardial infarct There 15 every reason to beheve that
plasma or albumn admunistered intravenously mught be helpful for the
profound state of shock Although my own etperience 1s limuted 1t seems
fauly certain that in some cases this method of treatment has been hfe-
saving From 2 physiologic point of view 1t 1s concervable that an increase
1n blood volume produced by plasma would be destrable at one time for
shock and a decrease produced by bleeding for pul y edema at another
ume, even in the same patent In a recent case 1n which the pulse could
not be felt, 250 cc of plasma given mntravenously and repeated in four hours
caused a dramatic improvement and seemed to save the patient s ife Possi-
bly some preparations such as paredrine (10 to 20 mg , intramuscularly)
or ephedrine (25 to 50 mg ) may prove useful In this connection 1t 15 of
mterest that paredrine has been shown to produce venous constriction If
thus 1s true 1t ought to be helpful in increasing venous return, which s much
to be desired m shock
The remainder of the treatment 15 expectant and directed at complica-
tions Of these, two are rather important from a therapeutic point of view
Furst 15 the development of complete heart block with or without Adams-
Stokes syncope This 15 an infrequent comphication but may be controlled
very satisfactorily by the hypodermme mjection of 0510 1 cc of 1 1000
adrenaln solution In some cases it will be necessary to give such injections




124 Crinicat. HeART Diseasg

frequently In several mstances I have given 03 to 05 cc of adrenalin
every two hours for forty-eight hours to patients who had thus condition
and thereby prevented the pauses of the heart that were otherwise occur-
ring, finally observing that the tendency to syncope had disappeared It
has seemed to me that 1n rare cases such treatment has been Life saving
The other complication to be considered 15 paroxysmal ventricular tachy -
cardia Thus occurs 1o about 3 per cent of the cases When 1t develops it can
quickly produce a state of collapse The heart rate becomes very rapid (180
10 200) and the blood pressure falls sull further The condition can often
be recognized by three features The rapid rate, although apparently regu-
lar, may show slight irregulanties which the ear can detect The first heart
sound may change 1n quality and mntensity mn different heart cycles and
carotid smus or ocular pressure never produces any slowng of the heart
These points can distinguish ventricular tachycardia from other forms of
paroxysmal tachycardia Quirudine, procaine amide and magnesium sulfate
are the drugs of choice i controlling thus irregulanty Digitalis will not
only fail to slow 1t but will tend to accelerate or to perpetuate 1t Quumdine
can stop 1t but the dose required varses considerably I have seen such an
attack promptly stop after one dose of 03 gm (5 grams) taken by mouth
In another case 1t required 15 gm (22 grams) to stop an attack and such
a dose five times a day for several days to prevent the return of the tachy-
cardia In two mstances 1t was found that even very large doses of quimdine
merelv slowed the ventnicular rate and faled to abolish the abnormal
mechanusm The rate would gradually return to the previously hugh level
as the effect of the drug wore off In these two cases the hypodermuc injec-
uon of 10 to 20 mg of atropine sulfate, one hour after a large dose of
qumdine had been given orally (while the temporary slowing had taken
place), promptly elimnated the ventricular tachycardia Quinidine may be
also given intr. larly or intr ly It would appear that the paren
teral method, especially the intravenous, would carry more risk A solution
of 5 per cent glucose or normal saline 1s made up so that 200 cc contans
12 gm of qumdme dihydrochlonide or lactate It 1s given mtravenously
atthe rate of 0 1 gm per five munutes Itis helpful to be takung electrocardio~
grams durmg the injections so that treatment can be stopped the moment
the desired result1s obtaned Quinidine merely restores the normal rhythm
of the heart and controls this complicatton It does not prevent the other
complicationss to which the same patient 15 still subject Sumlarly 201040
gm of magneswum sulfate, given intravenously, may stop these attacks (see
Chap 13
Trk)zere )1s a final use of qumdine that bears mention Evidence has been
advanced of both a clinycal and expersmental nature that qunidine sulfate
tends 1o mhibit the development of ventricular fibrillaton It s more than
likely that some of the instances of sudden death 1n coronary thrombosis
are due to ventricular fibrillanon I formerly advised gving 3 grams of
qumdine three tunes a day duning the first two or three weeks following
an acute attack, except when there 15 any contramdication 10 3ts use One
would want to give the smallest dose that 15 effective because the drug can
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have undesirable effects A dose of 03 gm (5 gramns) may be preferable for
1 saw one patrent who was takmg 0 2 gm at four hour ntervals About one
hour after the second dose he died mstantly and the autopsy showed acute
coronary thrombosts without rupture of the ventricle This 1s just the type
of sudden death which quimidine 1s meant to prevent In fact, I had another
experience sdentical with the above 1 which sudden death not due to
rupture of the ventricle, occurred while the patient was taking 02 gm of
quinidine three umes daily The question arises whether a larger dose
would have been effecuve The main 15 any evid of
defects 1 conduction, ke bundle branch block or partal or complete
aunculoventricular block Inasmuch as quumdine can further impair the
conduction apparatus 1t should be gwen with cautton under such circum-
stances It 1s difficult to prove that the routine use of quintdine as has been
suggested has any practical ment or that the dose 1s adequate to produce the
effect for which 1t 1s given Only much more estensive experience can
answer these questions

It 1s the custom of some physictans to give preparanons Like amino
phylline routinely duning attacks Although there 15 some expenimental
evidence to show that such a drug increases coronary flow and that 1t
duminshes the extent of myocardial infarction after coronary artenes are
ligated, 1t 15 dufficult to be certan that 1t ts useful 1n clinical cases of acute
thrombosis This subject, how ever, deserves further study Sucha drug has
been used even intravenously during the height of pam I have had some
expernence with this but 1t both requires and deserves further controlled
observation 1 clirucal cases to establish the usefulness of such medication

In addinen to some of the things the physictan s called upon to do there
are certain procedures he should not do When a syphilitic patient has an
acute coronary thrombosis 1t 1s mnadvisable to give any mntravenous ante-
luenic treatment In fact 1t 1s better to disregard the syphilitic aspects of
the problem entirely during the first two weeks or so In these cases it 15
not at all certamn that syphlss 1s directly related to the coronary thrombosts
for 1t 1s more likely that the latter 1s due to the same causes that are at work
m nonsyphifitics Reference has been made previously to the use of msulin
m cases of coronary thrombosis This should be avoided as much as possible
because for an hour or two after 1ts use the work of the heart s increased
about 20 per cent 1f the blood sugar drops too low, and this added strain
may be very senious It1s well known that attacks of angina can be precipt
tated by msulin and I have seen a rupture of the ventricular wall occur
about one-half hour after 10 umts were given Insuln may be given cau
tiously 1f the blood sugar 1s high and marked fall of the blood sugar can be
avoided

The same question of mnsulin admimstraton 1n other cardiac disorders
deserves a word of comment I have frequently seen patients with vanous
types of heart disease (congestive failure or angina pectoris) improve strik~
1ngly on decreasing the dose of insulin or discontinuing 1ts use entirely It
would appear that such patients were treating the diabetic state too thor
oughly, having a blue urmne test quite constantly One wonders whether 1t
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would not be desirable for cardiac patients to have a shight glycosuria The
sugar m the urme may act as a durenc In one case attacks of recurrent
acute pulmonary edema ceased on omutting insubn and pernutting the
urnmne to contan 2 per cent sugar The attacks 1 this case used to come
some hours after the msulin mjection, at a time when hypoglyceria may
have been present
If 2 patient bas an acute coronary thrombosis and some other surgical
condition, such as an obstructing prostate or an mfected kudney that needs
removal, 1t 1s advisable to delay operation for at least a month or two unul
a satisfactory recovery of the heart has taken place There 15 a final precau-
ton m the care of patients with coronacy artery disease It has been ob-
served that an attack of coronary thrombosis can occur directly after the
ntravenous 1njection of the jodine dye that 15 used for cholecystograms 1
have seen two pauents with angina pectoris 1n whom an attack of coronary
thrombosts was brought on a few after the mtr;
of the dye It 1s wiser, therefore, when a patient 15 erther known to have or
suspected of having coronary artery disease and 1t 1s desired to study the
condition of the gallbladder, that x-ray examunation should be made only
after oral admumstration of the dye
Finally, the question arises whether or not digitahs should be employed
1n acute coronary thrombosts There are many theoretical reasons one could
give for or agamst 1ts usefulness I have always felt that 1t 1s more likely to
do harm than good If persistent auricular fibrillation 1s present 1t should
be given but this condition 1s very rare, as when 1t occurs during an attack
1t 15 almost always transient Furthermore, when there 1s perspheral pithng
edema, engorged hver or hydrothorax, digitalis should be admumstered as
1n any case of congestive heart failure This 1s rare, however, except after
the first few weeks It 15 uncertain whether or not it 1s beneficial 1 those
cases showing rales 1n the lungs and dyspnea The drug should be helpful
for left ventnicular failure but mught be harmful for the penipheral failure
or shock, and both conditions exist ssmultaneously 1n the early days of acute
coronary thrombosis The lack of cardiac dilatation wonld make one hesi-
tate 1n using the drug Although much more staustical evidence will be
required before the question can be finally settled, at present 1t seems best
not to use digitahs routinely during the first two weeks of acute coronary
thrombosts
The general nursing care of the patient 1s very important Everything
should be done to make him comfortable The diet during the early days
should be confined to hiquids, gradually returning to more ordinary food
i small amounts Many of these patients are overneight and to obtain 2
loss of weight durmg this illness 15 desirable It has been advised that a low
caloric diet (500 to 800 calores a day) should be used n acute coronary
thrombosts and n fact 1s bemg advocated 1 the treatment of any severe
or stubborn case of congestive heart falure (Proger and Master) It has
been found that this semustarvation diet dimmishes the work of the heart
and produces other favorable effects on the curculatory dynamics Pauents
should be kept at rest for four to eight weeks Occasionally the period of
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rest or restricted activities needs to be longer, but sometimes three weeks
appear to be sufficient From a purely cliucal pomt of view the four to
exght week pertod has been found to be adequate and 1t 15 of mnrerest that
1n large anumals 1t has been observed that two to five weeks are required to
establish adequate collateral circulation after experimental higatton of a
majors coronary artery Itss a general biologic princyple that the man stm-
ulus for the development of collateral arteral crrculation 1s a Jocal need for
1t Inasmuch as the present evidence favors the view that there are anasto-
moses ffom one main coronary artery to another normally, even 1n infancy,
1t 15 not difficult to concerve of the mechanism of recovery from myocardial
infarcion  Econormuc and social factors often will determmne the exact
length of time of convalescence Whether nurses will have to be employed
1s also often a matter of the financal status of the pattent It generally 15
advisable that the patient should not be permutted to go to the bathroom
for either bowel movement or unmnation during the early days Often 1t
proves to be less of a hardship to permut the use of 4 commode than that
of a bed pan These details need to be worked out by the physician 1 inds-
vidual cases After the pertod of bed care the patient should spend a week
or two 1 the process of getting out of bed situng up m a chair for a short
wlule, then gradually increasing the period each day There 1s a growmg
tendency to permit many of these patients to be treated out of bed, n a
chair Tam inchned to endorse this view 1n many cases and feel ready
to permit greater activity of the legs in all cases than was the custom for-
merly When the patient becomes ambulatory, return to activitres should
be gradual and 1n most cases 1t will be destrable to urge that he should
permanently dumumush hus actiities to some extent

‘The a2bove program of rest 1s the one generally accepted by many phy-
sicians at the present moment Duning the past year or so I have been treat-
ing an mcreasingly large proporuon of cases by having them spend the
greater part of the day out of bed i a chair, even from the onset of the 1ll-
ness Just as soon as the mtial stage of shock and severe pam has passed,
the patient 1s allowned to sit 1 2 comfortable chair with his feet down for
as much of the day as he likes He 1s helped back to bed to sleep and 1s not
allowed to walk or permutted any other exeruon during the first two weeks
or so It 1s too early to offer stansucal evidence as to the validity of this
method of treatment, but so far it seems to be very promising and I suspect
that 1t will actually decrease both the morbidity and the mortality of this
1llness

New methods of therapy will necessanly be proposed 1n the future
Arternpts will be made to prevent further thrombosis of vessels Mural
thromboses of the ventricular cavities with subsequent artenal embolt are
the cause of some fatalittes One not infrequently sees pattents survive the
first week of the attack then while everything seems to be progressing
satsfactorily 2 sudden cerebral embolus occurs with hemiplegia that proves
fatal In such cases if the secondary mural thrombus in the left ventricle
could have been prevented from formung duning the first several days after
the onset of the attack fatalines would not have occurred These thrombs
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are found 1n about one third to one fourth of the patients dying m the acute
attack and therefore form a considerable group
Another frequent complication ts thrombophlebinis and secondary pul-
monary embohsm Embol of one type or another are a not uncommon
cause of death 1n cases of coronary thrombosts Primanly for these reasons
anticoagulant therapy has now come mto general practice At the ume of
the last edition of thus book (1945) I had begun 2 study of this problem but
the work was interrupted by World War II before suffictent expenence
could be obtamed Now, rather extensive studies by Wright and Nichols
have shown that the mortality from acute coronary thrombosts under anti-
coagulant therapy using Dicumarol dropped from 23 per cent 1n the control
group to 16 per cent 1n those treated, and the incrdence of thrombo embolic
episodes from 19 to 9 per cent
From the above figures one 1s led to conclude that anticoagulant therapy
1s valuable for acute coronary thrombosis There are several possible bene-
ficial effects of 1ts use The first 1s to prevent thrombophlebitis of the legs
and subsequent pulmonary emboli, a serious and frequent comphcation
There 1s very little doubt but that Dicumarol properly admmstered can
prevent or markedly dimimsh the incdence of this complicaton The
second purpose 1s to prevent the development of a ventricular mural
thrombus that 15 50 common, with the hazard of artenat emboly, especially
to the bram It 1s not so certan how effective Dicumarol therapy 1s 1n this
regard Inasmuch as these thrombs are known to form the first few days
(while the thromboses 1n the veins of the legs occur much later), therapy
mught have to be effective very early and promptly The thurd and more
doubtful purpose 1s to affect favorably the actual thrombus 1n the coronary
artery or to prevent secondary and further coronary thromboses
There are several courses of anticoagtlant therapy one might undertake
One 15 to use hepann, the second 1s to use Dicumarol and the third 1s to
combine the two drugs Tor the latter purpose Dicumarol would be started
and heparin would also be given only the first thirty six to forty-eight hours
(100 mg 1ntrasenously every six hours) until the effect of the former drug
became mamifest All these measures are difficult, expenstve and can hardly
be carried out unless the patient 1s 1n 2 hospital Sansfactory results com-
parable to those ot d with D: 1 have been ot d by giving
heparm/Pitkin menstruum, 300 to 400 mg every second day intramuscu
larly With this method the coagulanon time of the blood needs to be fre
quently checked, trymg to keep 1t at 30 to 45 minutes or about three times
normal If the effect of heparim 1s excessive or bleeding occurs, the antidote
1s protarmne, about 50 mg ntravenously This checks the bleeding tend-
ency n a fes, muutes The method most commonly employed, however,
15 to admunster Dicumarol orally
At the outset 1t must be realized that there are certain contraindscations
to anticoagulant therapy These are primanly severe renal or hepatc 1n-
sufficiency, jaundice, purpura or severe blood dyscrasias, postoperatively
1n brain or spinal cord cases, immeduately after any major operation, open
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wounds and severe nutrinonal defictlency These conditions rarely mnterfere
1n the treatment of coronary thrombosis Before treatment 1s started the
determnation of the prothrombin time 1s performed If thus 1s mn the
vicinuty of 100 pet cent of normal, 300 mg of Dicumarol 1s given Ifit1s
definitely lower the mnal dose 1s appropriately dimmshed The pro-
thrombin time 15 then tested every mormng and the subsequent dose
regulated accordingly The amm 1s to keep 1t around 20 per cent of normal
or about 35 seconds The second dose frequently will be 200 mg and the
daily dose thereafter 100 or 50 mg It may be necessary to omyt the Dicum-
arol entirely for one or more days 1f the prothrombin tume 1s excessively
prolonged It certainly should be stopped if the time 1s above 40 seconds
‘The treatment 1s continued for three, four or more weeks, preferably unul
the patient 1s at least partially ambulatory or until two or three weeks have
elapsed after the last thrombo embolic episode has occurred

Durning this treatment careful watch for evidence of bleeding should be
carred out, particularly from the nose 1n the unine or 1n the stools If
signtficant bleeding does develop or 1f the prothrombin time s very exces-
sve vitamun K, mm 50 to 100 mg doses intravenously should be given If
that 1s not effe whole blood tr should be used It has been
found that certain Iike hyk are
tor this purpose If this prograrn 15 carried out with care, serious bleeding
wall be very rare It1s obvious that this treatment 1s difficult and expensive
Tt would help greatly if some quick and rehable bedstde test for prothrom
bin actvity could be devised so that Dicumarol could be given m patents
homes On occastons I have carrted out this course of treatment at home
but 1t required a good deal of cooperation At present 1t appears that anti~
ceagulznt therapy has defimtely decreased the mortality of acute coronary

b mamly by d 3 the incidence of thrombo embobc
complicanions and should be started as soon as the diagnosts can be made
1f there are 1o ¢ 1ons In fact, anticoagul: ought to be valu

able as a preventive 1n those cases that present the premonutory symptoms
which occasionally appear a few days before the acute dramanc episode
One of the most common and harmful errors 1n the management of acute
coronary thrombosis 1s to outhne a lengthy penod of mnvahdism and con
valescence There are too many patents who are told to stay mn bed three
to s1x months or to spend a year away from work taking it easy When
there s congestive fatlure there may be no other chorce, but 1t the absence
of congestion, even 1f chest pam continues, such long mvabdism 1s not
only fruttless but often harmful It generally will be found that the degree
of pain will be no greater if the patient 1s ambulatory What 15 more aimless
1s to adwise restricted acuvities, or as 1s frequently done, confinement 1n
bed, merely because of weakness After the first two months, such weak-
ness will not be helped by a program of inactivity The entire 1llness,
coupled with the alarmung precautions taken by the physician and famuly
produces a state of fear, whxch often results 1n a profound neurasthema
and dep C k 15 necessartly part of the illness
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aself Thus 1s further accentuated by the immobility dunng the early weeks
m bed To this 1s then added a neurasthenic state that finally may condemn
the mndividual to a permanent useless existence

Sometimes these prolonged periods of ¢ convalescence * are the result
of wsurance considerations, for total permanent disability does not
begn to take effect until an illness has lasted over three months At tumes
one 1s led to beheve that this type of insurance has done more harm than
good for it has destroyed ambition and encouraged invalidism What 1s
needed to help this weakness 15 to encourage the patient to increase hus
activities and to assure him that us heart has recovered sufficiently to do
more If this point of view 1s stressed early 1n the illness, much unnecessary
invalidism will be prevented Many patents ought to be domng part time
work 1 two months and the majonty 1n three to four months What has
been said about prolonged bed care for pauents with coronary thrombosis
apphes to some extent to patients with other types of chromic heart disease
and to those with many other noncardiac conditions Not only 1s prolonged
bed rest frequently unnecessary but 1t may be conducive to the develop-~
ment of further complications such as hypostatic pneumonia, prostatic
obstruction, renal stone formation and phlebitis with pulmonary embolism

Finally, if a patent has had two or more attacks of coronary thrombosis
and has recovered, one nught be tempted to admumster Dicumarol! con-
stantly Thus 1s beng done by some phystcians and appears to be a reason-
able procedure The daily dose 15 likely to be about 50 mg, and careful
observation will be necessary One might need to perform a prothrombn
test weekly and try to keep the prothrombin ume around 25 to 30 seconds
This method of prolonged ambulatory Dicumarol therapy mght also be
applied to an occasional case of repeated artenal embolt 1n valvular disease



Hypertensiwe Heart Disease, Arteriosclerosis, *“Chrome
Myocarditss,” and Rare Forms of Heart Disease

HYPERTENSIVE HEART DISEASE AND ARTERIOSCLEROSIS

Hypertension has a most important bearing on the subject of heart disease
As a concorutant factor 1 heart failure 1t probably surpasses all others, so
that 10 most general surveys, hypertensive heart disease heads the List of
disabling forms of heart faillure The exact role that 1s played by the actual
elevanon of the blood pressure 15 by no means clear, for so often the same
degree of hypertension 15 well tolerated for many years by one patient and
results 1n severe cardiac msufficiency 1n another Even the causes of hyper~
tenston are difficult to understand for 1t seems to accompany a varety of
condions How much can be explamned on the basis of permanent struc-
tural changes within the body, especially the arterses, and how much on
the basts of an altered nervous or functional state always requires considera-
yon The marked and even sudden changes that bave been observed in the
level of the blood pressure 1n many individuals have necessartly resulred
1n the firm conviction that the emotions, the nervous system, the endocrine
glands and the vasomotor apparatus are all intimately related to this
problem

At the outset 1t must be recalled that there are a few distnct clinmcal
conditons winch, although not really related to the general problem of
essenttal hypertension produce or are accompanted by some elevation m
blood pressure It 1s of some importance to be famihar with these condi~
uons for in so far as they exist, physical examinavon will reveal certain
findings that will explamn why these particular individuals are hypertensive
In coarctanon of the aorta (Chap 11), for example, there 1s hypertension
1n the arms although the pressure 1n the legs 1s low Here the elevation in
the blood pressure that 15 found on routine exammnation 1s dwectly due to
a structural 2bnormality Sumularly one frequently finds hypertenston m
patients with prostatic obstruction In some, the pressure will remain ele~
vated until the obstruction 1s relieved eg by an indwelling catheter, and
then 1t will fall considerably Such 2 fall of the pressure has been observed
when all other factors, such as rest in bed, have been adequately controlled
At tumes ths fall may be excesstve and 1t will then be necessary to tem-
porize and delay the prospective prostatectomy until a partial recovery of
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the blood pressure has taken place There are many instances 1n which the
eventual prostatectomy produces a permanent lowenng of the blood
pressure
Other conditions that are assoctated with and m some way productive
of hypertension are polycystic kidneys, eclampsia, tumors of the adrenals,
prturtary basophthsm, occasional 1nstances of sudden intracramal hemor-
rhage, acute nephritis and polycytherma Hyperthyroidism 1s also com-
monly associated with hypertension but the level of the blood pressure falls
Lutle 1f any after the basal metabolism 1s brought to normal by operation
In additon, with certan cardiac dasorders there 15 an elevation of the
pressure which 1s the result rather than the cause of the disturbance in the
heart When complete heart block develops, the systolic pressure 1s apt to
nse and the diastolic to fall purely as a result of the very slow heart rate
Somewhat similar changes follow the development of free aortic regurgi-
tation Fmally, when hypertension accompantes congestive heart failure,
more often than not the pressure level falls as improvement takes place on
rest i bed and digitahs After a considerable expenience I feel convinced
that some of the fall 1n blood pressure 15 a direct result of cardiac therapy
and disappearance of dyspnea and congestion and not to be accounted for
on the basis of psychic influences or rest i bed In fact, 1f the blood pres-
sure does not fall while treating a pauent with hypertensive heart fallure,
1t generally indicates that improvement 1n the heart 15 not taking place or
will not be so great as when the pressure does fall Ths relationship 15
mentioned because there stll prevails the rdea that when the heart improves
1t manifests this improvement by an increase 1 blood pressure Although
this 15 often the case if the blood pressure 1s very low to begm with, 1t 15
not the general rule when congestive failure takes place with hypertension
There 15 one more peculanty of the blood pressure in relation to heart
disease that ments consideranon There 15 & group of patients having
hypertenston and angina pectors 1 which, following an attack of coronary
thrombosts, the blood pressure falls with a complete or partial disappear-
ance of the angmal attacks When such patents become ambulatory some
will thereafter have a low blood pressure, desptte the fact that their general
health remams even better than before the attack of coronary thrombosts,
as they no longer have anginal spells Under these circumstances a reduc-
tion m the blood pressure has taken place following an injury to the heart
Ths cannot be explaned on the basts of structural alterations 1n the persph~
eral vascular tree It seems more reasonable to assume that the previous
elevation 1 the blood pressure was caused reflexly from an wntable focus
1n the heart and after the coronary thrombosss, the local cause was removed
These expenences and those cited 1n the previous paragraph mn wiuch 1t
seems that digitahs may dummish the blood pressure by improving the
heart, make one suspect that apart from all other causes hypertension m
some cases may have 1ts ongn reflexly 1n the heart
Apart from the condinons just mentioned hypertension 15 regarded as
an accompamment of chromc nephritis or pyelonephntss, or as an adio-
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pathic or essential hypertension The Iatter type 15 most common One
suspects that to 2 large extent or at least 1n 1ts early stages 1t 1s functional
or neurogenic and not based on irreversible structural disease One cannot
explam the oscillations that the blood pressure level undergoes mn some
1ndividuals on the basis of orgaruc disease I recall seeing a woman 55 years
old whose pressure was known to be over 200 mm for some years After
three weeks rest :n bed there was a steady gradual dechine to 140 mm from
the 1mitial level of 240 mm Thirty minutes after reading a letter contamning
very distressing news the leve] immediately jumped 100 mm back to the
ongnal figures of 240 mm Such changes cannot be explained except as a
result of nervous or humoral influences

The expenimental work of Goldblatt has shown that the producnon of
renal 1schemua by constricting the renal artery causes mamtamed hyper-
tension 1 ammals It has also been shown that even after such hyperten-
stont has lasted many months removal of the 1schemuc kidney restores the
blood pressure to pormal Furthermore, thus type of hypertension was
tound to be independent of the sympathenc nervous system The nference
trom this work 1s that some product 1s iberated from the abnormal kidney
which circulates 1 the blood and causes hypertension This concept
appears o be of great promse affords a clearer understanding of the entire
question of hypertension, and may posstbly lead to practical therapeutic
advances In fact already 1n a few cases of umlateral nephrectomy for
hypertenston and chronic pyelonephnitis the blood pressure has returned
to normal

Etiologic Factors

Among the few known enologic factors the most important 1s heredity
There are families with strong tendencies to hypertension and others which
tend to hypotension It has impressed me that marked freckling of the back
of the forearms 15 unusually common 1 hypertensives and probably denotes
a vascular vulnerability The young nervous hypertensive or potentral
hypertepsive often has a slight fever (996 ¥) The females predomnate
over the males 1n the proporuon of about three to two The menopause
seems to be 2 common period 1n hife 1n which these changes become prom-
ment although earhier evid of this tend are generally available
The hypertenstve person will often manifest certam stigmata of neuro-
vascular vulnerability 1n earlier Iife Nosebleeds menstrual disturbances
flushing—especta’ly of the neck—mugrame palpitanion and nervousness
will frequently b ound Furthermore, 1t will be noted that they often have
a tendency to shght elevation m the blood pressure on emotonal provoca-
tion years before they become per ly hyp e An
examunanon or a visit to a consultant may raise the pressure to a higher
level than the one found by the patient s family physician In fact, the
one who 1s not prone to hypertension 1s not apt to show this nse even
on nervous tension It seems therefore that the pressure 15 unusually
labile in these vulnerable individuals and that they have transient hyper-
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tension for years before they develop what one mught call permanent
hypertension

Although hypertension and arteniosclerosis are frequently associated, 1t
1s unlikely that the latter 15 the cause of the former One may sece exten-
sive sclerosts of the large artenies without hypertension and very hrde
artenosclerosis with marked hypertension It 15 more plausible that pro-
longed hypertension eventually leads to sclerosis of the arteries, but that
during the early years spasm of vessels otherwise sound 1s gomng on
The fact that the first portion of the pulmonary artery 1s rarely sclerosed
except m cases of mutral stenosss or other condinions m which pulmonary
pressure 1s elevated, lends support to the role hypertension may play in
producing arteriosclerosis When the blood pressure has been elevated for
any considerable length of ume, although the radial and brachial arteries
may not show much evidence of sclerosis changes 1n the retinal arteries
will almost always be present Reunal arteriosclerosts can be judged from
the irregulanty of the caliber of the arteries on ophthalmoscopic examina-
aon and the mcking of the vemns at the pomts where they are crossed by
the artertes When the process 1s mote advanced, hemorrhages, exudate
and papilledema may be found

There are a few diseases that, 1n so far as they may affect blood vessels,
may eventually predispose to early hypertension, e g , typhoid fever, syph-
1lss, chronuc lead poisomng, gout and rheumanc fever There 1s some sus-
prcion that this last disease may be a more frequent precursor of hyper-
tension than has been supposed There 1s no evidence that focr of mfec-
uon 1n teeth or tonsils are of any smportance 1n this question In the
great majonty of cases of hypertension, however, none of these infections
has been responsible and for the present at least they are best regarded
as ‘essential or 1diopathuc

Effect of Arteriosclerosis on the Heart

Before discussing hypertensive heart disease the possible effect of arte-
riosclerosts on the heart must be taken up The term artenosclerotic
heart disease  has led to much confusion In the minds of some this
term sigmfies heart fallure resulung from penpheral sclerosis and 1n
others 1t means coronary artersoscl If 1t merely includes those cases
m which there 1s artertosclerosis of the coronary arteries then it should
be called by 1ts proper name, 1 ¢, coronary artery disease If the former
1dea 15 held then 1t 15 2 musnomer, for there 1s httle if any evidence to
show that sclerosts of the peripheral arteries has any apprecable effect on
the efficiency of the heart A study camried out at the Peter Bent Brigham
Hosputal analyzing all the postmortem matersal m which there was a hugh
degree of penpheral arteriosclerosts showed that when those cases were
omutted 1 which there was hypertension, significant coronary artery dis-
ease or other obvious causes of cardiac disability, such as valvular disease
i the remander there was nether chimcal nor pathologic ewdence of
heart disease The death of these patients was due to some surgical or
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noncardiac cause In a word, 1t was found that even an extreme degree
of peripheral artertosclerosts had no deletenous effect on the heart It 1s
suggested, therefore, that the term arterosclerotic heart disease’ be
given up

Blood Pressure Determunation

A word about the actual taking of the blood pressure seems worth
mentiomng  After the patient has relaxed, with the arm 1n a comfortable
position, the pressure 15 mcreased above the expected systolic level The
mercury or pressure should be permutted to fall slowly while ausculting
below the cuff Many physicians do thus too rapidly and inaccuracies of
20 mm or more may result Furthermore, 1t 1s important that the first
ume a patient 15 examuned, palpation of the radial pulse should be per-
formed to check the auscultatory determination If this 1s not done one
may lly start the jon with the pressure level at the

auscultatory gap  at which point ne sounds are heard and yet the true
reading may be 40 to 60 mm ligher It 1s obvious that such an error can
easily be avorded, for the radal pulse would be palpable even m this
silent zone and the observer would have had to increase the pressure and
then would have found that sounds return Although the auscultatory
method 1s more sansfactory than the palpatory, the latter at umes will
obwate mustakes I recall a case ;mn wluch the physician remarked that he
could not obtamn the blood pressure It was found that the diastolic blood
pressure 10 this young girl was 180 mm and the physician always started
hus readings at about 150 t0 160 mm If he had felt of the radil pulse
he would have known that the blood pressure must have been higher,
for the pulse had not been obfsterated Finally, there are instances in
which a violent or hyperdynamic pulse, such as 15 seen mn aortic regurgt-
tavon, produces a shock and notse with each beat as 1t strikes the cuff
and ths 1s audible m the antecubital space It may give a falsely elevated
systolic blood pressure In such a case palpation of the radial pulse will
mdicate the systolic level I have seen an mstance of thus type where the
actual systolic reading was 140 mm when 1t had been read as 250 mm
In ths case a definite sound could be heard with the pressure over 300
mm but 1t was an ympact transmutted from the top of the cuff

Clinrcal Course

In following the clinical course of a patient with hypertension there are
several definite things for the physician to bear m mind The exact level
of the blood pressure 15 by no means the important criterion of the
pauent s progress The pressure or the associated arteral disease wall
produce clinical disease 1 one of several ways Of greatest importance 15
what 15 going on 1t the heart Thus effect may become manifest n one of
two ways Angma pectons or coronary thrombosis may result from
1nvolvement of the coronary arteries or there may develop congesuve
heart fallure, especially left venmecular fatture with paroxysmal dyspnea
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Next m mportance 15 the possibility of cerebral hemorrhage There 15 no
method that enables one to predict which hypertensive patient will develop
a cezebral hemorrhage or when 3t may be expected The current opuon
1s that those with Iugh diastolic pressures are most prone 1o cerebral
acaidents I have had the suspicion that the reverse 1 true It has seemed
that most panents who develop a sudden hemuplegia have had pressure
levels of about 200 to 240 mm systolic and 100 ta 120 mm dastolic
Those with diastolic readmgs of 140 to 160 mm are more apt to have
general encephalopathy, cardiac or renal faslure but not an ontspoken cere~
bral hemorshage May not the hugh pulse pressure be the more important
factor 1 causing rupture of a large cerebral vessel
Another group will begi to show significant disease of the ladneys
and present the picture of chrome vascutar nephrius, eventually develop-
ing urerma A smaller number will have disabilities due to artenal disease
of the legs, suffer mtermuttent claud or even arter gan-
prene Finally there are some 1 whom the Irtenosclerosts of the abdom-
inal vessels 1s productive of symptoms  Many ifi-defined complaints, 1e,
ndigestion and abdommnal pamn, ate no doubt due to arterosclerosss of
the mesentenc vessels In thns same connecton the muld diabetes that 15
so common tn elderly hypertensives may well be due to arteriosclerotic
changes an the pancreatic vessels Frequently the same pauent with
hypertension may show several of these evidences of artertosclerosts He
may have a mild glycosura, shght dummution m renal funchon and
defimte mrermuttent claudication Another may have outspoken angma
pectonss, no 1enal impairment and more marked scleross of the arteries
of the legs Iimnally, extensie anenosclerosis may be present without
hypertension It 15 the function of the physician to try to esumate which
15 the major route that the vascular degeneration is taking, and i gencerat
1 will be found that the cardiac comphcations are the most smportant
Exactly when the heart will begin to fail in an individual wath hyper-
1ension s @ very vanable marter Nesther the level nor the duration of
the elevation in the blood pressure can entirely account for the develop-
ment of cardiac Lisl y In many 1t 1s clear that the mam
determinung factor 1s the mtegrity of the coronary arterzes Atheromatous
changes and narrowing of these vessels can account for the development
of cardiac embar 1n some individuals with only a mod hyper-
tension But thete are other snstances 1t which the gross appearance of
the coronary arienes 35 essentally normal and yet the heart muscle fails
“This unknown factor accounts for much that determunes the whole ques-
tion of congestive heart fajdure I suspect that this factor “X? 1s linked
up with the finer vascular bed of the coronary system It 15 well fnown
that throughout the human body there are a great many more capillanies
than are beng used under ordinary arcumstances A skeletal muscle or 2
glomerulus of the kidneys contans len times a3 many capillanes as are
functioning a1 any parncutar tme The others are closed and are resting
for the moment Under special arcumstances the number mcreases, the
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walls are opened and blood corpuscles begm to flow through Thus con-
sttutes the reserve function of the organ, and may not cardiac reserve
depend on thus very ability to open up new capillaries> When the heart
muscle fails and yet shows no obstruction 1n the man coronary arteries
may not the cause lie 1n some structural or functional defect that prevents
the opemung of these termunal reserve channels® It 1s concervable that 1f
these abnormalities do exrst, they mght yet be overlooked by the methods
of pathologic study customarily employed m postmortem examunation

In the course of nme an mdmidual with hypertension may develop
cardiac falure In some this may not occur unul twenty years have
elapsed, 1n others the downhill path begns after a short tme The heart
generally becomes enlarged but the degree of hypertrophy vares con
siderably 1n drfferent cases and 1s not directly proportional to the height
or duration of the hypertension What concerns us here 1s the develop
ment of congestive heart fallure and not of angina pectorrs The latter
condition can appear any time and suddenly alter the chmical course that
the particular case mught otherwise have taken Most commonly, in the
former, the first symptom 1s breathlessness This appears at the outset on
a degree of effort that formerly was well tolerated D)spnea on walkmg 15,
therefore, the most frequent early evid of
In many cases unwonted fatigue may have preceded this but because of
the numerous noncardiac causes of fatgue 1t does not serve so well to
1denufy the condition as heart falure There 1s a considerable group of
hypertenstves m which the shortess of breath appears suddenly, espe-
cially at mght and may even take the form of acute pulmonary edema
The term  cardiac asthma 15 often used to classify these cases The
term 1s objectionable because the word asthma has 100 closely assocated
with 1t a bronchial condition that has nothung to do with the heart and
1s comparatively bemgn It 1s better to designate the conditon by such
terms as  paroxysmal cardiac dyspnea  nocturnal dyspnea or acute
pulmonary edema as the circumstances warrant

‘When dyspnea develops, either of the gradual or of the acute form, 1t
ndicates falure of the left ventricle Examnation often shows cardiac en
largement m addition to the clevaton i blood pressure The rhythm of
the heart may be perfectly regular or arthythmias due to extrasystoles or
aurcular fibnllation may be present When the auricles are not fibrillating
a galiop rhythm and pulsus alternans are frequently present These two
signs are so common and so important 1 hypertensive heart disease that
they should always be looked for The former 1s detected by careful

over the d where the sounds have a peculiar qual-

1ty resembling a canter due to an extra thrrd heart sound m diastole
The latter 15 detected by palpation of the radial artery or better sull on
determimung the blood pressure While auscultation 1s carried out below
the blood pressure cuff, yust as the first sounds become audible, the pres
sure should be prevented from falling for a moment and the sounds will
be heard to alternate in mtensity This method 15 even more helpful
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than palpating the radial artery Occasionally the same mechanism of
alternation of the ventricles will produce an alternating intensity of the
heart sounds, murmuts or the apex impulse over the precordium Sim-
ilarly the gallop rhythm may result in a bifid apex mmpulse that can be
seen and felt

Gallop Rhythm

It 1s approprate at this point to discuss the cliucal sigmficance of
gallop rhythm This auscultatory finding 1s most ymportant, can easily be
detected but 15 often overlooked The extra sound 1s generally heard in
duastole, 1 e, between the second and first heart sounds at the apex (Fig
185) When the extra sound follows the second sound it 15 called proto-
diastohc, when 1t just precedes the first sound 1t 1s presystolic and when
1t occurs 1n mud-diastole 1t 1s called d Such ter logy 1s
difficult and unnecessary from a clmical pomnt of view Gallop rhythm
occurs most commonly m hypertensive heart disease and coronary artery
disease and less frequently m rheumanc valvular disease Occastonally 1t
15 present dunng acute infectons such as diphtherra and rheumatic
carditts Because 1t 1 rarely associated with aurtcular fibnilation, the con-
traction of the aunicles must have something to do with the production
of the gallop In fact, I have seen instances m which a typical diastolic
gallop disappeared with the onset of auncular fibnilation and reappeared
with the return of regular rthythm In dogs, gallop rhythm has been found
to be related to mcreased pressure 1n the left auricle In the nonvalvular
cases m which gallop rhythm 15 mamfest bundle branch block 1s also often
present It almost always denotes a farrly senous affection of the heart
muscle, carrying with 1t a hfe expectancy of one to three years, although
occastonally such patients do live longer I have seen exceptional mstances
m which a true diastohc gallop rhythm was detected on several different
examunations (once duning pregnancy) in the absence of any other evi-
dence of heart disease and finally disappeared, the patients remammng free
of any organic heart disease The third sound of a gallop rhythm must
be disunguished from a normal sound heard in mud diastole 1n some
healthy hearts Thus 15 not generally dufficult for the rate 1s slow 1n the
latter and somew hat accelerated m the former Furthermore, patients with
a normal third heart sound are apt to be young and show no other evi-
dence of heart disease Another confusion may anse when a patient who
1s developing mutral stenosis first shows a third sound in dastole (openmg
snap) This may resemble a gallop and subsequently 1t will be found that
the extra sound 1n fact was the early mamfestation of what later proved
to be the mid-diastohc or presystolic murmur of mutral stenosts A gallop
thythm 1n a patient with rheumatic carditis may be indicanve of delayed
conduction of impulses from aurcles to ventricles (increased P-R inter-
val) This finding may enable the exammner to preduct that there 15 a con-
duction defect The prognosis of the gallop need not be grave when 1t 1s
present 1n young rheumatic cases Even the ordnary gallop may disappear
when the clinical condition 1mproves, especially when 1t occurs mn con
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junction with acute coronary thrombosis or 1f the heart rate slows, for 1t
15 rarely present when the rate 1s around seventy

Finally a word must be mentioned about another type of gallop shythm
When the extra sound les between the first and second heart sounds 1t
1s called a normal mudsystohc gallop (Fig 184) It can be distingushed
from the serious diastolic gallop by the following procedure If the stetto
scope 15 moved from the apex to the base of the heart in rhythm with
the heart beat 1t will be found that the extra sound, which occurs i the
muddle of the three sounds, gradually dimumishes i mtensity and finally
cisappears, leaving the two normal first and second heart sounds The
1important pomt 1s that the midsystolic gallop rhythm 1s beugn and the
diastohc 15 grave

Cardiac Murmurs

The finding of cardiac murmurs i patients with hypertensive heart
disease 15 mnconstant In many of these patients there are no murmurs
More often a systolic murmur will be heard at the apex or base of the
heart Thus can be erther famnt or fairly loud When there 1s no additional
orgamc valvular lesion the louder apical systolic murmurs probably result
from a relauve mutral or trcuspid wsufficiency and the aoruc systolic
murmurs from diatation of the aorta The dilatation of the ventricular
cavities which sometimes 1s very marked can readily account for stretch-
ing of the rings at the base of the valves even when the leaflets themselves
are not partcularly diseased Occasionally even the aortic valve may
thereby become mncompetent 1n hypertension and result 1n the presence
of an aornc dastolic murmur Inasmuch as valvular lesions due to other
causes, such as theumatism or syphibs may coexist with hypertension the
corresponding murmurs from these valvular defects may be found

There 1s one unusual development 1n hypertensive cases that 1s called

Bernheim s syndrome  This may also occur 1 other mnstances of left
ventncular hypertrophy and stram It consists of the chmcal evidence of
night sided heart falure without pulmonary congestion due to displace-
ment of the interventricular septum to the nght, resulung from a large
left ventricle with increased left mtraventncular pressure This produces
obstruction through the nghr ventricle somewhat analogous to what
occurs 1n tncuspid stenosis There 1s increased venous pressure and there
may be 2 normal circulation time The nght auricle may also be enlarged

Involvement of Lungs

The lungs often show evidence of stasis In the mulder cases a few
most rales will be found at the bases of the lungs When the degree of
heart failure 1s more marked free flud 1n the pleural cavittes will develop
In the fulmmating cases of acute left ventnicular failure a generalized
pulmonary edema quckly appears with messt bubbling rales throughout
the chest, cough and frothy pmk sputum Such a dramanc storm may
come and disappear 1n an hour or two With the embarrassed respiration,
Cheyne-Stokes breathung ss frequently present This may not be detected
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than palpating the radial artery Occastonally the same mechanism of
alternation of the ventricles will produce an alternating intensity of the
heart sounds, murmurs or the apex impulse over the precordium Sim-
ilarly the gallop rhythm may result m a bifid apex mmpulse that can be
seen and felt

Gallop Rhythm

It 1s appropnate at this pont to discuss the chinical significance of
gallop thythm This auscultatory finding 15 most important, can easily be
detected but 15 often overlooked The extra sound 1s generally heard n
duastole, 1€, between the second and first heart sounds at the apex (Fig
185) When the extra sound follows the second sound 1t 1s called proto-
drastolic, when 1t just precedes the first sound it 1s presystohic and when
1t occurs 1n mud-diastole it 1s called mesodiastolic Such termunology 1s
cufficult and unnecessary from a chmcal pont of view Gallop rhythm
occurs most commonly 1n hypertenstve heart disease and coronary artery
disease and less frequently in rheumatic valvular disease Occastonally 1t
1s present during acute infections such as diphthersa and rheumanc
carditis Because 1t 1s rarely assocrated with auricular fibnilation, the con-
traction of the auricles must have something to do with the production
of the gallop In fact, I have seen instances i which a typical diastohe
gallop disappeared with the onset of auricular fibrilation and reappeared
with the return of regular thythm In dogs, gallop rhythm has been found
to be related to increased pressure 1n the left auncle In the nonvalvular
cases 1n which gallop rhythm 1s manifest bundle branch block s also often
present It almost always denotes a farrly semous affection of the heart
muscle, carrying with 1t a life expectancy of one to three years, although
occasionally such patients do Live Jonger I have seen exceptional instances
m which a true diastolic gallop rhythm was detected on several different
exammations (once during pregnancy) in the absence of any other evi-
dence of heart disease and finally disappeared the patients remawung free
of any orgamc heart disease The third sound of a gallop rhythm must
be disunguished from a normal sound heard in mud diastole 1n some
healthy hearts This 15 not generally difficult for the rate 1s slow in the
latter and somewhat accelerated in the former Furthermore, patients with
a normal third heart sound are apt to be young and show no other evi-
dence of heart disease Another confusion may arise when 8 patrent who
1s developing mutral stenosis first shows a third sound in diastole (opening
snap) This may resemble a gallop and subsequently 1t will be found that
the extra sound 1n fact was the early manifestation of what later proved
to be the mid-diastolic or presystohc murmur of mtral stenosis A gallop
rhythm 1n 2 patient with rheumatic carditis may be mdicative of delayed
conduction of impulses from aunicles to ventricles (increased P-R inter-
val) Ths fisding may enable the examiner to predict that there 1s a con-
duction defect The prognosss of the gallop need not be grave when 1t 15
present i young rheumatic cases Even the ordinary gallop may disappear
when the chinical conditton ymproves, especially when st occurs 1n con
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an advanced and rapidly developing form of the same process It 1s asso-
crated with a very high diastolic pressure the readings often being 250
systolic and 150 duastohic The course 15 a rapd downhull one, endmng
fatally 1n about a year or two Such patients complan a great deal of
headache, may have convul and show marked changes on ophthal
P 1on cluding papilled These cerebral features are

described by the term  hypertensive encephalopathy and may be con
fused with tumor of the bram This disease 1s not rare 1 younger indi-
viduals under 40 and even in those 1n the twenues, and 1s generally
refractory to treatment It has been of interest to me that whereas essential
hypertension 1n general 1s much more common in females, malignant
hypertension 1s more common 1 males Do the endocrine glands deter-
mune this difference®

A pyrogen method of treatment for malignant hypertenston has been
£ ded by Page Although vanous methods of tnd fever may
produce somewhat similar results he recommends a soluble bactenal
pyrogen called pyromen A dose of 05 cc (contamnmng 50 gamma of
solid per 10 cc) 1s gaven intravenously five to six days a week The dose
1s steadily increased as tolerance increases 1 order to obtamn a tempera
ture of 103 to 104 F The treatment 1s conhinued for several weeks and
even a few months Climical improvement and a fall of blood pressure 1s
generally observed 1n one to two months If the treatment 1s meffective
or not well tolerated 1t should be omutted for three to seven days and
then rewmnstituted, starting with about one half the last dose Should the
febrile reaction stself become distressing aspirin or amunopynne can be
used to counteract the effect Although I have had no personal experience
wnth this method of treatment the ordinary hopelessness of malignant
hypertension warrants the trsal of even such lengthy and troublesome
procedures

The surgcal treatment for hypertension 13 now 1n the process of bemng
mvestigated Many hundreds of patients have already been operated upon,
some type of dorsolumbar sympathectomy having been utilized The
operation devised by Smuthwick appears to have certain 2dvantages and
has gained some support It 1s still too early to arrve at a final judgment,
but at present 1t appears to be successful m an apprecrable number of
cases and can be r ded 1n selected individuals It would be well,
however, to perform a routine pyclogram examumation 1n all cases of
hypertension, 1f a complete study 15 deswred, for occasionally unilateral
renal disease may be detected by that method only On rare occastons a
unilateral pyelonephnus or aberrant renal artery or adrenal turnor will be
unexpectedly found It must be appreciated that tumors of the adrenal
not only cause paroxysmal hypertension but also permanent hypertension
The importance of these unilateral lesions 1s that, although rare, they may
be curable by surgical means

In the selection of patients for dorsolumbar sympathectomy there are
vanous factors to be considered The results are Iikely to be better 1n the
temale than 1n the male, 1f the diastolic pressure 15 over 100 mm and the
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pulse pressure 1s small, 1n cases of pyelonephritis than mn others with the
same functional state of the kidneys, and 1n patients under 50 years of
age than m older indwviduals The response to the cold pressor test 1s
more valuable than the response to sedatives

Because the clinical course of uncomplicated essential hypertenston 1s
so variable and unpredictable and so many may live m essentially good
health for two decades or more, 1t will be a long tme before the evidence
will be convincing that surgery has been worthwhile However, when
operations are performed on those hypertensive patients who already
show grave cardiac involvement such as angmna pectoris, coronary throm-
bosis, congestive failure, paroxysmal dyspnea or gallop rhythm, 1t will not
be necessary to wait ten or more years or to accumulate thousands of
cases for stansucal proof that the course of the illness has been altered
Even 1f a smaller number of cases with these cardiac complications are
operated upon and found to be well, improved or living five years after
operaton we will be faly certam of the beneficial effects of surgery
1 have already seen a small number of such cases markedly mmproved
and return to a useful occupation when 1t did not appear possible that
any such recovery would have occurred on medical management At
present, therefore, I am more interested mn advising sympathectomy
those hypertensive patients who already have senous cardiac complica-
nons (provided lkudney function 1s sausfactory) than as a prophylactic
measure 1n those who are sull in farrly good general health

Several years ago kempner introduced the rice diet as a treatment for
hypertension This has caused considerable controversy among many
physians This diet which consists only of nee and frut 15 extremely
low 1 sodum, contarning less than 500 or 250 mg daly Itis also very
low 1 protein, fat, total calones and vitamuns Patents therefore lose
some weight and require supplementary vitarmins There 1s no doubt that
thus nigad et lowers the blood pressure in a large number of cases What
1s disputed 1s whether the effect 15 entirely due to the low salt intake
Most mvestigators believe that the beneficial effects could be obtaned by
the use of a more general diet sf the sodium content could be reduced to
the same level that 1s contained i the rice diet As a practical matter 1t 1s
difficult to outline a general dietary regtmen that will contam as little
sodm as the Kempner diet When the strict rice and fruit diet ss fol
lowed there 1s also a marked fall 1n the cholesterol 1n the blood Occa-
sionally the chlonde content also falls and with 1t a nise m blood nitrogen
Thus then needs to be corrected by giving more salt

This diet 15 a very difficult one to tahe There are not many patients
who will continue on 1t Jong enough to be of value Physicians who are
enthustastic about 1t and who mmpart their enthusiasm to their patients
often succeed and claim very satisfactory results In mv hmited experi-
ence T have seen a few dramatic results, but 1n most cases the patients
rerurned to what they regarded 2s a more palatable diet It 1s unlikely
that the Kempner diet will eventually prove necessary In the meantime
1t has had useful results It reemphasized the tmportance of an extremely
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Tow salt intake 1n the treatment of hypertension and congestive failure, a
pomnt that had been well known for many years It has also taught us
that people can live comfortably for long penods of ume on a very low
protemn intake, even if there 15 a mtrogen defieit, and 1t has focused our
attenton on the great importance of diet 1n relation to health and disease

CHRONIC MYOCARDJTIS”

The term chronic myocardiis  has formerly been used 1o denote a
pomvalvular condition associated with heart farifure There has been much
discussion concerning this term and many substitutes offered Objection
has been made to the term because myocardrtis denotes an mflammaton,
and often no clinucal or pathologic evidence of inflammanon ¢an be found
At present, however as a result of the great advances m cardiac dragnosis
many of the cases of so-called chronic myocardins can be more accu-
rately named and what was once 2 waste basket for a vanety of condt
tions may now be reserved for only a rare occaston As one looks back at
the cases so diagnosed 1n the past one will become aware of seseral clinical
entitres that now can be well recogmized Some were instances of masked
hyperthyroidism that were overlooked Others were instances of cor pul-
monale or heart failure from chrome emphysema or pulmonary artersal
disease Still others were cases 1n which the heart failure was due to
avitamnosss (the so-called berbent heart ), or 1 which edema was
present because of a low proten content of the blood A few were cases
10 which there was actual valvular disease, exther mral or more frequently
aortic stenosts, m which the climical signs were not elicated or were mus-
iterpreted I know this has frequently happened in the past because
subsequent examination would uncover a systolic thnl] at the base of the
heart or x ray exammation later would disclose calaification of one of the
valves, and finally because m some there was marked valvular disease on
postmortern examunation A large group of cases that formerly were called
chronic myocarditis we now can recognize chimucally as due to coronary
artery sclerosis or coronary thrombosis The mncreased interest in angmna
pectons and the great advances 1n electrocardiography have enabled us to
make these anatomic dragnoses 1 many instances previously overlooked

There remams the large group that 1s now called hypertensive heart
disease This does not mean that the mechamism of heart falure that
develops m these cases 1s adequately explamed on the basts of the hyper-
tension The unknown factor % mentioned previously sull has a bearing
onthe problem but weare enabled to classify such cases under the heading
of hypertensive heart disease merely because there 1s or has been hyper-
tenston and there 1s heart failure without any other predictable anatomuc
abnormality When all these well recogmzed conditions and a few other
unimportant ones like syphilis and anemua are carefully sought for and
found absent, there sull remawns a very small group of patients i whom
heart faidure takes place There 15 no hyperthyroidism emphysema, val-
vular disease, coronary artery disease or hypertension and yet the heart
muscle fafed Such hearts on postmortem examinaton are generally en-
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larged and may show an apparently normal myocardm The present
methods of pathologic study fad to explam why the heart muscle was
madequate to mantam a normal crrculation Yo a few there are found
pathologre changes in the myocardnum but no saisfactory cause for such
changes These cases form the small remawnder of what was formerly
called * chronte myocardias

Some of these cases which do show mflammatory changes 1 the Yo
cardrurmn, are called Fredler s myocardins, although the pathologic find-
mgs 1 this condiuon are not distnctive They generally are not very
responsive to treatment and run a course lasting some months to a few
years, rarely longer Occasionally the process may be essentially confined
1o the nght ventnicle and present a pcture of nght-nided heart fafdure

RARE FORMS OF HEART DISEASE

Myxedema Heart
Wath prolonged advanced myxedema certain changes take place i the
1 that are designated as “myxedema heart  Such pauents not

only have the customary findings, such as a low merabolism, dry skin,
coarse, scanty ham, 2 feehng of coldness, puffy appearance of the face,
anermua and a hagh blood cholesterol, but show more than the usual edema
of the legs and marked dilatatien of the heart In most cases what s
thought to be cardiac difatation turns out 1o be pencardial effusion
Rarely there may be flmd mn the abdomunal or pleural cavsties In most
cases there actually 15 no true congestve fature despite the cardiac dida~
tation  Such patients complan of weakness and dsspnes but not of
orthopnea The electrocardiograms show ventricular complexes of low
amplrrude (Figs 131, 180) The diagnons is readily made, keeping the
above features mn mund

The ymportant pomnt regarding treatment 15 that patents with this
conditson do not respond to dagitals but can be cured by thyrod admn-
sstration Thyrotd medscarion should be gven slowly and caunously Too
rapd merease m the metabohic rate can bring on acute left ventricular
farfure or angna pectons A dose of 3 to 1 gramn of thyroid gland extract
admumstered daily ss often sufficrent If anginal pam develops 1t may be
est to accept only 3 partal recovery o myxedema, permttng the basal
metabohe rate to remain about ~10 per cent Under skdiful management
the heart returns to normai size, the electrocardiograms show normal
tracings and all symptoms disappear

Heart Failure from Artersovenous Frstula
There 1s one form of heart muscle fadure which may properly be
discussed i this connection, although 1t 15 an no way related to ewther
fe or deg s & , myocarcial fardure from a penp} arterio~
venous fistuls Here the heast dilates and dysprea and congestion may
develop purely as 2 result of the ncreased work of the heart consequent
to the short circusting of the blood All evidence of cardiac disease may
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promptly disappear after surgical removal of the fistula or aneurysm This
condition 15 generally traumatic 1n ongin and often follows a gunshot or
stab wound of a limb The continvous murmur over the fistula or aneu
rysm, the pulsating vemns distal to the leston, the high pulse pressure and
the prompt slowing of the heart rate that follows compression of the
fistula are diagnosuc of this condition It 1s one of the few types of heart
fatlure from purely mechanical causes that 1s readily amenable to curative
treatment

Not very long ago I learned of a case 1n which a nontraumatic arterio-
venous fistula developed 1n the pelvis of a hidney The patient had had
advanced heart fatlure for years and was bedridden Her physician, Dr
F B Camp of Missouri, made the diagnosis by heanng a continuous
murmur over the lomn Even after bemg refractory to all ordinary medical
treatment, the pattent was cured by a nephrectomy

Ruptured Valves of the Heart

Occasionally one sees nstances of rupture of the valves In most cases
this occurs m previously diseased valves After a sudden stram a free
aortic nsuffictency may develop, especially m a preexisting syphiliuc
lesxon, with a resulung Joud or musical diastolic murmur Without any

g effort this ¢ Lication may arise duning the course of bac-
xenal endocardms Likewse, 1nt old rheumatic disease of the mutral valve,
Tuptures may occur, but then they are more likely to take place 1n the
chordae tendineae This apparently 1s mote frequent than has generally
been appreciated, even when no previous disease was present In such
cases, either after some unusual effort or quite spontaneously, a loud
apical systolic murmur of mutral insufficiency and dyspnea suddenly
develop Cardiac symptoms may appear immedhately or msidiously only
after some years Males are more commonly affected than females All
these patients eventually die of congestive failure although some have
survived for months or many years The possibility of a ruptured valve
must always be considered when a loud murmur and cardiac symptoms
appear abruptly

Beriber: Heart

In the Orient 1t has long been known that heart farllure could result
from an madequate diet The condition was called beribers heart One
form of thuis dietary deficiency appeared as penpheral neuntis and the
other as congestive heart falure This condstion 1s now known to be due
to a deficiency of vitamun Bi It may take the wet or dry form or be a
combination of both Its occurrence 1n this country has been emphasized
by the studies of Soma Weiss It 1s most frequent 1 chrontc alcoholics
and 1n others who have abstamed from necessary foods for long perrods
of time There 15 reason to suspect that simular vitamun B deficiency with
cardiac complications may be present m pregnancy and hyperthyroidism
In the severe form the clincal picture 15 one of advanced heart failure,
both of the right and left ventricular type The heart 15 rapd, generally
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regular, but occasionally shows  transtent auncu!ar fibnillation and often
has a gallop rhythm Dilatation may be derable and yet compl
restoration to a normal size resuls with recovery Systohic murmurs are
frequent but drastohc murmurs are rare There may be a pustol shot
the penpheral pulse and an mereased pulse pressure In fact, many of
the features resemble those seen m thy or arter
ﬁsm]a There often are considerable pmpheral edema, engorged Liver and
Mural thromt of the cardiac chambers with
resultant emboh may be present The electrocardiogram may show a
dimnunon or shght mversion of the T waves m any of the leads, and
lengthening of the Q-T mterval The important pomnt 15 that this condi-
uon does not respond to ordmary cardise therapy or digrtalis whereas
recovery can be dramanc and complete following the admnsstration of
10 to 20 mg of trystalline Bs mtramuscularly three times 2 day (Fig
179) The subsequent diet should contan meat, flour and yeast

Heart Fatlure with Acute Nephrinis

Congestive heart faslure with dalatation of the heart and the picture of
either left or night ventniculer falure occasonally oceurs durmg acute
nephnus These cases will show hypertension, pulmonary rales and per-
tpheral edema, a5 well as evidence of actve nephrs Electrocardiograms
at this tune may show changes m the ventricular compleves, especialfy
the T waves, that superficially resemble those seen with myocardial snfarc-
tion A symilar suvation way develop during the foxema of pregnancy
The response to carchac therapy is hkely to be satsfactory and when
recavery takes place the heart may be expected to be normat ot essentially
so Restriction of flusd and salt, digatahs and occasonally mtramuscular
smections of 1 to 2 gm of magtestum sulfate may be helpfut

Cor Pulmonale
The nght ventucle may fad @5 a result of increased pressure i the
pulmonary arcwt This may occur scutely s following a Jarge pulmonary
bolus (acute cor pul le), or more slowly as sn chromc pulmonary
ph , sheoss o pul y artenal disease (chrome cor pulv
mcna!c) These conditions have already been discussed (see Chaps 6
and 16) ¥t must be emphanized, however, that great care 13 needed to
distngush the breathlessness that results from the pulmonary disease per
se from that which follows heart farlore The weatment and prognowis of
the two states are quite different

Scleroderma Heart

1t 15 now known that pathologic changes in scleroderms are not con-
fined to the slan and subcutaneous tissues Cardiac complications occur
consistng of disintegration of muscle fibers and extensn e replacement by
fibrous tissue This can resnlt 1 cardiac enlargement and congesuve
fatlure



HyPERTENSIVE HEART DISEASE AND ARTERIOSCLEROSIS 147

Auncular fibrillanon, gallop thythm and shght prolongation of the Q-T
1nterval of the electrocardiogram have been noted m different cases Ihave
seen mstances 1 which because of related findings one case resembled
chromic rheumatic heart disease and another thyrocardsac disease The
treatment 1s the same as that for any ordinary case of heart falure The
new Compound E and ad ticotropic hormone (ACTH) mught well
be helpful i this condition

Tumors of the Heart

Both malignant and benign tumors of the heart are very rare Metastatic
tumors of the heart are about ten times as common as primary tumors
The diagnosis of cardrac tumors 15 very difficult and most cases are first
recognized at autopsy Pecubar x-ray sithouettes of the heart and the
finding of bloody flud 1n the perrcardium not otherwise explamed may
lead one to arrive at a correct antemortem diagnosis Occasionally auric-
ular flutter or fibnllation, transient or permanent, may be present with
tumors of the heart, possibly as a result of involvement of the auricles
The most common primary ongin of cardiac metastases 15 carcinoma of
the bronchus or lung There 1s one type of cardiac tumor that has par-
ticular mterest This 1s a myxoma of the left auncle It 1s 2 benugn tumor
that may produce signs resembhing those of nutral stenosis Such signs
may change from nume to tme apparently owmng to alterations of the
position of the tumor which may be pedunculated The resulung events
are simlar to those seen in rare cases of ball valve thrombus 1 mutral
stenosts It 1s not too much to hope that someone may successfully diag
nose this type of tumor and attempt surgical removal

Cardiac Complications 1n Lupus Eryth D;
(Libman Sacks Disease)

A group of condivons that are closely related 1f not different mam-
festations of the same underlyng process, has come to hight and has been
described under a variety of terms Although there 1s still confuston 1n the
termunology and complete lack of kncwledge as m the etiology, the con
ditions we now g as lupus erytt and non
bactersal verrucous endocardins (Libman Sacks disease) are known te
mvolve the heart They are not nfrequently associated with a sterile type
of pericarditis and may show small nonbactenial vegetations on the valves
of the heart In fact Lh:rc are also rare mnstances in which the myocardim
15 d as d by a prolongation of the P R mterval m the
electrocardiogram This group of diseases appears to be closely related n
1ts pathologic findings to rheumatic fever, persartentis nodosa and sclero-
derma, from which it may be differentiated at tumes, only with difficulty
It also may be d with sut bacterial endocarditis because of
many features that are common to both diseases

It must be apprectated that Jupus occurs almost solely 1n females
during the years of menstruanion, may run a prolonged course of months
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or years, may show no lesions on the face at the start or for leng periods
during 1ts course and can display cycles of high fever with intervening
periods of quiescence There 55 generally a leukopenta or at least an absence
of feukocytosss and 1t may be d with an n the globull
content of the blood The heart may be spared but ofien 15 anvolved, as
2ee other serous lmings, resulong i pleursts, perirontss, pericarditss or

docarditis There lly 15 alb 13 and often pul y con~
sohidation The dragnoss 1s likely 1o be overlooked unul the charactenistic
butterfly rash appears over the nose and cheels The disease 15 almost
wvariably fatal

At present there is no known effective treatment, although spray < ray
rreatment 15 bemng toed for cases of lupus erythematosus dissermnatus
with what appears o be favorable temporary all of symp
Here also there 1s reason to believe that Compound E or adrenocortico-
tropsc hormone (ACTH) will favorably affect this condinon

The Heart in Addison’s Disease

With the discovery of effectave methods of treatment for Addison s dis-
ease by means of synthetic desoxycortice cortical extract and so-
dsum chlorde, a new type of heart fadure 1s now met with The ordinary
patent with Addsson’s disease has a small hearr, often much smaller than
pormal Under this new treatment, the heart returns to a more normal
size In some cases the heart 15 not able to make the necessary adjustment
to the rapid changes 1 dynanmics, and with the increase 1 blood vofume
and blood pressuse, the retentton of salt and undue dianon of the heart,
pulmonary edema, penpheral edema and even rapid fatality may result
Therefore, 1f any of the signs of hearr falure appear m 2 panent under
treatment for Addison’s disease the medication should be ortred for a
while and then remnsututed in smaller doses It should be apprecuated thatr
it 15 the syothenc desoxycorticosterone, which 1s the salt retaiming factor,
and the sodwm chlonde, rather than a preparation such as  eschatin,
which 15 the whole cortical extract, that causes the above cardiac come
phcanons

Farmufial Cardsomegaly

Recently Willam Evans of London described a small group of ca es
that seem to form 2 chimeal entty Such patients may have shight or no
symptoms 1n their early jears Later palpnation, giddmess and frank
Adams-Stobes svncapal attacks or wranuent suncolar fibrllation may
occur Death may take place suddenly withaut congestine fatture The
heart wall show very biyle except enlargement but the electracardiograms
may reveal vanous arthythmuas such as premature beats, paroxysmal
tachycardia, aunicaler flurter, auncular fibnilaton, sunculoventncular
black or wmtr ular block The cond 35 met with n chldren or
young adults, and what 15 parncularly charactenstic s that mare than one
member of the same famly are afficted The cause 13 unhnown and it 15
niot thought to be due to glycogen deposits
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Heart Failure from Deformity of the Chest

Marked deformuty of the chest, especially followng poliomyelitis or
tuberculosts of the spine, may eventually lead to heart fallure At first
only slight dyspnea on exertion or with change of bodily posiion may be
present The vital capacity of the lungs ¢ derably d hed.
while the residual air increases m proportion As the condition progresses,
less and less oxygenation of the blood takes place With thus there may be
attacks of palpitation, weakness, cyanosts, tendency to famtness or uncon
sciousness, and marked dyspnea Such patients quickly succumb to pul
monary infections The heart 1s not much enlarged, though there 15 often
nght ventricular hypertrophy The rhythm 1s generally regular and the
pulmonary second sound 1s accentuated The velocity of blood flow, the
venous pressure and the cardiac output per munute are within normal
Irmuts Once major symptoms develop the pauments activities become
markedly restricted and the downhill progress dees not seem to be nflu-
enced by cardiac treatment

Ordinary cardiac therapy 15 on the whole neffectine 1 this type of
cardiopulmonary fallure The only hope 15 prevenuve treatment These
chest deformuties produce harmful results if they occur during the grow-
g years of life Every effort should be made to prevent or relieve these
distortions of the chest when the child 1s young The orthopedic surgeon
should be called 1n to do whatever he can 1n order to lessen the deformty
When cardiac symptoms are already present, exercise should be greatly
restrcted and respiratory infecttons avoided as far as possible Oxygen
and ephedrine may be helpful, and morphine should be avorded

THE HEART AND ACUTE INTLCTIONS

It has become more and more evident that many acute infections are
assocrated with some mjury to the heart muscle In most infections what
ever damage to the heart may take place must be inconsequenual for
very little clinical evidence becomes apparent during the acute infection
and no residual cardiac defects persist afterwards However careful and
frequent electrocardiographuc studies during infections like diphtheria,
typhoud fever, p mumps, mono-~
nucleosis and many other infections have shown changes m the ventric-
ular complexes or the conduction mechamusm These are generally tran-
stent, with complete restoration to normal Likewse 1n the occastonal fatal
case of some of these infections, pathologic evidence of nflammatton of
the ventricular musculature (acute myocarditis) has been detected Inflam-
matory lestons in the myocardium have been found 1n virus diseases such
as scrub typhus poliomyelins, encephahiss, infectious hepantis and others
It has Jong been known that with diphthena, rheumaric fever and Chagas
disease the heart muscle frequently shows extensive inflammatory mjury,
and heart block and electrocard phic ab litses are gquite
It 15 now clear that although 1 most cases this type of acute myocarditis
has Iitle climcal or practical sigmficance occasionally it may be the
direct cause of death What 1s not known 1s whether some of the cases of
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subcliucal acute myocarditis which are even undetected mn ordinary prac-
tice form the background for subsequent damage to the heart muscle In
other words, can some cases of unexplained cardiac hypertrophy or so-
called chronic myocardius of unknown etiology be the end result of
early mjury sustamned dunng an otherwise harmless acute infection? There
15 more than a suspicion that this 1s true I am increasingly convinced that
diphthena, which frequently 1s assoctated with heart block during the
acute stage and 1s then generally fatal, may be the imitial cause of complete
heart block and Adams Stokes disease which occur many years later
There are probably other instances 1n whuch an acute myocarditis during
an 1nfectious 1illness tells 1ts tale many years later 1n some form of heart
muscle disturbance

As an illustration of the frequency of muld involvement of the mjyo-
cardium during acute infectrons one can cite the experience with mumps
Ordinanly httle attention 1s paid to the heart 1n this disease No one has
associated sigmficant cardiac complications with parotius However, 1n a
senies of 100 cases 15 per cent showed definite abnormalities 1n the elec-
trocardiograms, mainly T wave changes, and two showed complete heart
block All the abnormalities disappeared with recovery from the mfection
The jury to the heart muscle was apparently mild and reversible

The following 15 an mstance of acute myocardins accompanying virus
pneumorua A woman 34 years old who previously was well, never having
had hypertenston or rheumatic infections, developed ordinary nfluenza
The virus was 1solated 1 this case and found to be type A She quickly
developed alarmung cardrac symptoms She complamed of substernal
ughtness, showed pulmonary edema and weak pulse There was a leuko-
cytosis of 20,000 and the x ray of the chest was compauble with atypical
pneumonia The electrocardiograms displayed brzarre complexes resem-
bling potassum intosication There were slurred broad QRS complexes
and complete aunculoventricular dissociation with a ventricular rate of
about 90 Within one week she died Postmortem examination showed ex-
tensive mterstitial round cell infiltration and much degeneration of muscle
fibers The coronary arteries and valves were normal The heart wesghed
480 gm although she was known to have had a normal sized heart on
X ray exanunation two months before

Cases similar to the above must be occurnng ether 1n a fatal form or
with less extensie damage so that recovery takes place In the past the
virus ongin has not been idenufied and 1t 15 stll a difficult laboratory
procedure, so that absolute proof of the nature of the acute myocardius
will rarely be established Ttis ble to suppose that milder forms of
acute myocardinis frequently go unnoticed 1n virus and other infections

Unfortunarely therapy 1s likely to be of kittle value 1n this type of acute
myocardirs Obviously the early and adequate use of specific measures
when available, such as antitoxin for diphthena, pemcillin for pneumonia
and aureomycin for virus infections, will esther prevent or muumuze the
heart muscle myury It 1s doubtful whether dignahs preparations will be
helpful The state of shock may be combated with transfusions of blood
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Hyperthyroidism, whether due to a diffuse hyperplasia or to a toxic
adenoma of the thyroid gland, produces certain disturbances 1n the cir-
culation It has been the prevatling opinton that hyperthyroidism alone
does not cause permanent structural changes in the heart and that when
there 1s gross evidence of congesuve heart farlure or angna pectorss,
other independent conditions will be found such as hypertension, valvular
heart disease or coronary artery disease A recent review of 4 considerable
pumber of thyrocardiac patients, however, revealed many mnstances of
advanced heart fagjure 1n which no cause other than thyrotoxicosss could
be found and m which complete recovery occurred after approprate treat-
ment Frequently arrhythmuas occur that are very troublesome to the
patent which are purely the result of the towc thyroid gland, and it may
be expected that these will disappear if the hyperthyroidism 1s cured
There are many changes that result from hyperthyroidism, mdependently
of other conditrons, which are stmuar to those seen i ordmary forms of
heart disease Inasmuch as thyrord and other forms of heart disease fre-
quently occur together n the same mdividual and the evidence of an
overactive thyroid gland may be very obscure, 1t becomes extremely 1m-
portant to be farmliar with the methods of diagnosis that serve to differ-
entate the one from the other This subject 1s one of the most ynportant
aspects of all heart disease for 1t comprises the one large group of cases
mn which the difference between accurate and naccurate dragnosis and
treatment 15 the difference between chronic invalidism or death and
restorauon of health and life
SYMPTOMS

We are all farmliar with the typical picture of exophthalmic goiter
It 15 not the purpose here to discuss 1n detail but rather to mention these
features briefly The mam emphasts 1s to be directed at the group of cases
called “masked thyrocardiacs At the outset 1t must be appreciated, ust
2s 1s true 10 many diseases, that no single sign or symptom 1s invarsably
present but that even 1 the obscure cases the composite picture 1s suffi-
crently suggestive to enable one to suspect the proper diagnosis The
cardinal diagnostic points of hyperthyroidism are exophthalmos, thyrord

152
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£ nen, ss and palp When evophthalmos and a pal-
pable thyroid are absent, as 15 the case 1n thss parncular group of patients,
the other symptoms and signs of an oseractive gland become more impor-
tant because only by constent search nto these features wall the correct
diagnosss be made It must also be borne 1n mind that these pauents,
who are nevertheless suffering from hyperthyroidism, come to the phys
scsan complamng of 1he same symptoms 2s do other patients with heart
disease but without hyperthyroidism Thewr primary complaints will be
shortness of breath, palpnation weakness, chest pan coughing sweling
of the legs or abdomen Inasmuch as they ofien lack the obvious evidence
of thyroud disease and have evident orgamc heart dusease of one form or
another they are treated for the latter with lntle 1f any success and the
former 15 enurely overlooked

It 15 always necessary to have the g lity of masked hyperthyrod:
constantly m mmd when treatng cardiac cases Thas 15 especially true of
certam pecuhar clues are detected Of first smportance 15 transient aunc-
ular fibrillaen  Atthough this phenomenon occurs wm other conditions, of
none 16 3t 50 characteristic and m none does 1t octur so commonly as m
fyperthyrondism It, therefore, should be the invanable practce to suspect
2 toxc thyrosd gland whenever thus acthythmua is observed even when
other forms of heart disease such as mutral stenosis are also present
Undue loss of wesght, nervousness tremor of the fingers and excessive
P are frequently not gated with suffi e when
present i cardace patents They are woo oftes attnibuted to the custom
ary forms of heart disease wath which they are frequemly associated,
whereas 1 some cases 2 1atent hyperthyroidism proves 1o be the more
smportant cawse This ss particudardy so of the Joss of weighe takes place
i the presence of a far or good appete Other common findings
these patients aze wanstent ghycosuna and transient penods of Tdd diar-
rhea or hyperscuvity of the bowels These pauents, therefore are ar
times greated for drabetes or for some gastrowtestipal disorder The
duaberes here rarely 15 of much mmportance the pauents often staung that
they have had to pay very intle attentron to thewr diet and that 1t did not
seem to matter very much whether they followed a diet or not It 1s also
of some mterest that whereas the ordinary wnactive cardiac panents gen
erally peed catharues those suffermng from latent hyperthyroidism as &
rule do not

The general appedrance of the pauent often has given the first suspicious
evidence that 2 latent hyperthyroidism Jong overlooked, was present The
skin takes on 2 pecular appearance, rather difficult to descrbe, that 1
have called 2 salmon colored hme It 25 warm, moust, hyperemsc and
shghtly pigmented The eyes, 1 the absence of gross esophthatios, may
show a peculiar stare S thus stare 13 umlateral There 1s also a
certam quickness of motion, aq alertness and even an attracoveness to the
behavior of many of these pauents that one s 1ot accustomed 1o find m
the ordinary case with heart disease In fact most pattents suffering from
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heart failure, parucularly when more or less bednidden, are sluggish both
1n mind and body, whereas with the same degree of decompensation those
who also have hyperthyrordism often retain this peculiar alermess and
comehiness It 15 also common to learn that these pauents prefer cold to
warm weather In additon many bave premature gray hair Often this
has preceded by many years the development of the major circulatory
symp Incidentally the app of premature, rather stniking, gray-
ness of the hair has often been an important clue 1n the diagnoss of other
conditions Early graymg occurs m four mamn groups of mndividuals First
there 15 a group of perfectly normal people who begin to have gray or
even white hair in the twenties or thurties Often they have a famuly hustory
of a simlar tendency Among these wall be a considerable number who
al o have a tendency to premature artertosclerosis Then there are three
diseases with which 1t 15 not infrequently assocsated, 1€, asthma, hyper-
thyroidism and permcious anema Although the exact causal relatronship
15 obscure 1t may tum out that early graying of the harr 1s due to one
common abnormality of the endocrme system Needless to say, such
features will not be ascertamed or apprecated unless the physician has
already been suspecting the thyroid gland It 1s very stkeng m hospital
records how the history and physical findings change after the routine
admusston notes have been made, when the same observer 1» told that the
patient may have masked hyperthyrordism Only then do the observatons
appear that the skin 15 moist and somewhat pigmented and that the patient
has preferred cold weather or that there has been a hyperacuvity of the
bowels In other words, one has to seek the evidence, for the patient may
only be interested 1n his breathlessness

It 15 to be expected that patients with thyrotoxicosis would be prone
to avitanunosis Even with a normal dietary intake, which 1s not adequate
because loss of weight occurs, increased metabolism demands sull greater
amounts of vitamuns The result 1s that deficrencies are common Thus
may manfest 1tself 1n the form of a red sore tongue, skin changes or red
palms Possibly some of the cardiac at lities 1n hyperth dism are
actually the result of vitamun B, deficiency

The exammnanon of the circulanon and especially the heart 1s of the
greatest importance 10 these cases for not only are there peculariues 1o
be found that help 1n arnving at the correct diagnosts, but here are al o
the abnormahues that are associated with the common forms of heart
disease with which hyperthyroidism 1s confused It 15 necessary to repeat
that transient auricular fibnllanon 1s very common, but many pauents
even develop the permanent form of this rrregulanty The character of the
heart sounds 1s very apt to be hyperacve An accentuated first heart
sound 1s common 1o mutral stenosis, 1 anema, 1 some cases of hyper-
tension, 1n cases of nersous or unstable hearts but especially so 1n hyper-
thyroidisn With this hyperdynamic contraction, often detectable on
fluoroscoptc exammation, there 1s a diffuse and snappmg apex 1mpulsc
The wibration of the chest wall resuling from this hyperactve heart
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makes the impulse diffuse and often creates the smpresston that the heart
15 Jarger than 1s actually the case Furthermote a vibration 1s set up in the
chest wall which on palpation feels like a thnll
When 1n addition one appreciates the fact that in many cases of hyper-
thyroidism there 1s present a systolic murmur esther at the apex or base
of the heart, one can readily see how easily thus condition may be confused
with mutral stenosts This mustake has often been made by most com
petent physicians In hyperthyroidism the < ray may even show a shight
promunence m the region of the left auricle stnular to that which occurs
in early mutral stenosts, although the promumence 1s both the result of
dilatation of the pulmonary vessels and the left auricle In both condittons
symptoms of cardiac disease exist auricular fibnllation 15 common, both
have an accentuated first heart sound and a systolic murmur and 1 both
there may be a palpable thnll To be sure the thrill occurs duning diastole
mn mutral steposts and with systole in hyperthyroidism, but when the
heart rate 1s rapid 1t 15 often impossible to time the palpable thnil with
any accuracy The prec P that the Gl ought to be mitral
stenosts often leads the observer mnto the false iming of the thrll as pre-
systolie The one difference between the two conditions 1s that no murmur
will be heard dunng diastole m cases of hyperthyroidism Thus differential
pont 1s of the greatest importance The difficulty becomes greater sull
when both conditions exist 1 the same pattent as not infrequently occurs,
for one then finds ample evidence of nutral stenosis and has to rely on
other critera to make the add 1 d of hyperth 3
There are further pecubanities of the circulation 1 hyperthyroidism
that require mention It 1s often difficult and may be umposstble to slow
the heart rate by the use of digrtalis when auricular fibnllation 1s present
Ordinarily with auricular fibnilation, especially when there 1s no fever,
one expects a specific slowing to an essentially normal rate when adequate
doses of digitalis are admumstered In fact, when such slowing does not
occur one 1s Justified 1n suspecting that the drug 1s not of normal potency
or thar the panent has hyperthyroidism The failure to obtamn the expected
slowing of the apex rate of the heart 1n cases of aurcular fibnllation fol-
lowing appropriate digitahs dosage has been, 1 several instances the first
clue thar a masked hyperthyrowdism was present Slovang is promptly
obtained 1f the basal metabolic rate 1s reduced or brought to normal by
the use of 1odide medication or surgery
In some puzzling cases the determmation of the veloaity of blood flow
helps to decide whether the cardiac symptoms are due to thyrotoxicosts
or not In most cases of ordimnary congestive faiture the circulation time 15
slow; 1¢, over twenty seconds In hyperthyroidism the velocity 1s apt to
be fast, even mn the presence of congestive failure The only other con
dimons 1n which the veloaity of blood flow 1s rapid are benbert heart,
aunculoventricular fistula, anemia and fever If; therefore a cardiac panent
m farlure has a reading of twelve to fifteen seconds 1t 1s strong evidence
1 support of the diagnosis of thyrotoxicosis One other laboratory test
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may be helpful, 1e, the cholesterol content of the blood This 1s fre-
quently decreased to about 130 to 150 mg per 100 cc whereas most
ordimary cardiac patients will show readings of over 200 mg

Blood Pressure

Another aspect of the airculation i hyperthyroidism 1s the blood pres-
sure The systolic reading may be normal or shghtly elevated In the
cases that are occupying our particular attention at present, the so-called
¢ masked thyrocardiacs, the systolic pressure 1s frequently elevated This
1s due to an independent vascular hypertension for 1t remams essentally
unchanged when the hyperthyroid state 1s ehmunated What 1s more char-
actenstic 1s an ncrease n the pulse pressure, not so strikung but similar
to that observed in aortic mnsufficiency Readings of 160 mm  systolic and
75 mm dastolic are not uncommon There may be other features resem-
bling aortic msufficiency such as a capillary pulse, Cornigan pulse, pistol
shot 1n the femoral artery and even the Duroziez’s sign These are all the
accompaniments, 1f not the result of, the high pulse pressure and the
penpheral vascular dilatauon Finally the heart rate itself 1s generally
raptd At tumes 1t 15 difficult to distingwish the tachycardia of hyperthy
rordism from that of meurocirculatory asthenia One helpful disunction
lies 1n the fact that during sleep the rate 1n the latter condition 1s normal
while 1n the former the tachycardia, although less pronounced, will stull
persist It must not be expected that a rapid heart will be found n all
cases of hyperthyroidism The rate may be under 80 and even under 70,
especially 1n males, in the presence of a towc gland I have repeatedly
seen such cases where because of the slow heart rate hyperthyroidism had
previously been entirely overlooked

Basal Metabolism

When the possibility of hyperthyroidism has ansen the basal metabolic
rate should be determined Unless the patient 1s 1n great distress this can
B 1ly be lished 1ly The greater difficulty 1s to inter-
pret the readings If 1t 1s found to be dstinctly below normal an active
hyperthyroidism can be ruled out If the figures range from zero to 10
or 15 per cent 1t 1s extremely unlkely that the gland 1s tosic There
are rare mstances, however, 1n which an actrve hyperthyrordism 15 going
on, 1 the sense that cardiac disturbances take place as a direct result of
the thyroid gland, while the basal metabolic rate 1s perfectly normal I
know of two pattents 1n whom transient attacks of auricular fibnllation
were taking place who had a perfectly normal basal metabolic rate Dur-
g the course of the subsequent several months, while the attacks of
palpitation were recurnng, the rate gradually rose to 420 per cent and
later to over --40 per cent Then, after subtotal thyroidectomy, the
metabolic rate fell to normal and the paroxysmal fibnllation disappeared
It 1s evident 1n such rare cases that the thyroid was toxic, as far as its
effect on the heart was concerned, at 2 time when the metabolic rate was
normal May 1t be thar pauents such as these acrually had an onginal
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metaboh rate of ~20 per cent = (which many healthy individuals have)
and when an elevanon of 20 per cent occurred they were already * toxic
and yet showed normal readings®

When the readings are 420 per cent to 4-30 per cent, 1t may be no
simple matter to deade whether this shght elevation in rate 15 due to the
thyroid gland of 15 the result of the cardiac failure wself Sbight to mod
erate ¢l m the bolic rate has ly been found by some
obsarvers m cases of cardiac farlture These borderhne readmgs may be
very difficult to interpret When properly conducted and repeated metab-
olism d show an e} of +4-35 or more, m the absence
of fever or lenkemma, one can be faulv certamn that they indicate hyper-
thyroidism There 1s a small group of cases, especially assocated with
hvpertension, 1 which even this degree of elevanon o the basal metab~
olism will be associated with a normal thyrord gland An elevation of the
metabolism 1 a hypertensive panent should also make one think of the
possibility of an adrenal tumor (pheochromocytoma), especiallv 1f the
blood pressure falls and the pulse rate rises on standing In the ordinary
hypertensive pauent the p 18es hat on ding I have also
seen four patients with 2ornc steposis who had readings persistently over
+-20 to 40 per cent and yet had normal thvrod glands when examined
grossly and mucroscopically Tests need to be repeated since not infre
quently the 1unal elevanon disappears without specific medicanion when
a second or third test 15 made The specific reduction of the basal meta-
bohe rate following 10dine adnunistranion can .enve as a vajuable aid 1n
diagnosts Properly conducted and properly interpreted thus laboratory
test proves to be of mdispen able value in the diagnosss of many of these
abscure thyrocardiac patents Another test that would mdicate hyper~
thyroidism s the finding of an efevation of protemn bound iodine 1 the
blood

On very rare occasions hyperthyroidism may be associated with Ad-
dison s disease The diagnosss 1s then difficult It mav be suspected on the
basts of the following features The absence of hypoglycemic attacks,
which are frequent in Addison s disease, would make one thurk of thyro-
toicosss The heart will not be small and the basal metabolism will be
relatwvely elevated,1e, more than ~5 per cent Furthermore, the chinical

of hyp dism will be atypical and not promunent

The most recent tset for thyrotoxicosss is the radioactive 10dine vptale
determination of the thyroid gland This 15 performed by the use of a
Geiger counter which determunes the amount of sodine that accumulates
1n the thyroid gland dunng a few hours after the admmstration of a
given amount (0 I milicurie) of radicactive rodme Cases of myxedema
will show strikingly low figures and those of hyperthyrotdism will show
hugh uptakes This test 15 very belpful because it requires very bmle
cooperation on the part of the patent and the result 15 obtamed durectly
The test 15 mvahd and may lead to a false diagnosis sf the panent has
had sodine 1n tus food or as a medication before 1t was done In fact, I
recently saw a patent 1 whom the diagnosis of thyrotowicosts was made
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chinically which was confirmed by operation, and yet the 10dine uptake
test was normal If inorganic jodine such as potassium 1odine or an or-
ganic compound like Lipotodime has been taken some weeks, some months
should elapse before the test may be regarded as valid

TREATMENT

Until several years ago the choice of treatment for this group of patients
was a farly stmple matter It consisted of all the usual procedures em-
ployed 1n the treatment of the common forms of heart disease, but mn
additon giving 1odine After a period of ten to fourteen days on this

g a subtotal thyroidectomy would be performed and the pa-
uent would do well The detadls of this program will be discussed below
The situation 15 now changed because there are two new nonsurgical
methods that are available, 1e, thiouracil preparations and radioactive
1odine There 15 abundant experience with the earher type of treatment,
extending over a pertod of many years It will take some time before a
comparable expenence will be accumulated 1n order to determune the
relative efficacy of these newer methods of treatment

Radioactive 10dine has already been successfully employed 1n thyrotoxic
states The procedure 1s smple and mexpensive, would require very lttle
hospitalizavon and carnes no immediate nsk, but at present 1t 1s not
available except to a hruted number of centers The principle mvolved 15
clear The 10dine 15 taken up by the thyroid gland and only to a very
little extent by any other organ There the radwactivity takes place n
ntimate relation to the thyroid cells to produce their destruction or
decreased actuvity The result 1s similar to the effects of x rays, except
that no other organs are appreciably mnvolved It 1s too soon to apprase
the real value of ths treatment, but already cures haye been obtamed, and
i fact myxedema has been produced when the dose was excessive How
permanent the cures will be and what late complications 1n the thyroid
gland or other organs may ensue remamns to be seen We wait hopefully
for further development of this method

‘The other nonsurgical method 1s the use of propylthiouracd Since the
introduction of thiouracit by Astwood as a method of decreasing thyroid
function newer less towic preparations have become available These drugs
block the formation of thyroid hormone within the gland The one most
commonly employed at present 1s propylthiouracil With this drug serious

Lications such as agranul are very rare Furthermore, there
has been considerable expenence with 1ts use, though the ume vovered
1s still far short of that available from the older method, 2 ¢, 10dine and
operaton

Tt has also become clear that the underlying cause of hyperthyroidism
1s not likely withmn the thyroid gland itself The thyrotropic hormone of
the pitwtary gland has much to do with the thyrotoxic state It 1s also
thought that exophthalmos 15 determned by some control of the pituitary
gland Certan patients may be cured of hyperthyrordssm and yet progress
with malignant exophthalmos In these cases the admimstratien of thyroid
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gland extract and 1odine may be helpful Very recently adrenocortico-
tropic hormone (ACTH) has abo been used with some success It 1s
therefore not surprising that attempts at therapy should develop which
volve a direct attack at the production of hormones by nonsurgical
measures

After the diag has been estabhished propyltt 115 grven orally
The early doses used to be 50 mg three times daily, but more recently
this has been increased m most cases to 100 mg three times dally The
condmon 15 followed particularly by repeated basal metabohsm deter
minations Generally 1t requires several weeks and sometmes much longer
to lower the bolism to normal O lly the drug 1s meffective or
only partially so Medication needs to be contunued for some months If 2
satisfactory result 1s obtamned the question will then arise whether to
omut the drug entirely or to decrease the dose This can only be deter~
muned by trial and error In some cases, after 2 penod of months the
condition appears to be arrested even after complete withdrawal of the
medication In others symptoms recur

As years have clapsed some of the early enthusiasm has waned as more
and more of these cases have required ultimate operanions As I have
watched thus development 1t has appeared that many panents under pro-
pylthiouracil treatment have required more lengthy hospitalization and
observation than with the older method of treatment There can be no
doubt however, that a large number can be successfully treated 1n this
way, if careful observation 1s carrted out I have had patients with aunc
ular fibrillation and congestve fatlure regam compensation with restora
tion of a normal sinus rhythm Likewrse I have witnessed dramatsc relief
of angina from the use of propylthuouraci alone It 1s stnlung that m
scveral of such cases the angnal attacks, which were recurring as often
as ten or more tmes daily at rest, disappeared within a few days after
the onset of drug therapy This striking change took place therefore
before there was any appreciable fall in the basal metabolism This makes
one think that the effect was produced by a neutralizing action on some
toxic product rather than by decreasing the work of the heart In general
1t ts clear that propylt 1 or stmilar ds have great value i

a selected group of pauents suffering from thyrototicosts and even mn
thyrocardiac pattents, and will spare some patients the need of surgery

I now come to the discussion of the older method of treatment This
conststs of giving 10 drops of Lugol solution three times daily 1n addition
to the measures ordsanly employed m the particular cardiac case Digi-
talis and diurettcs would be used 1f there 15 auricular fibrillanon or con
gestive falure as well as thoracentests and other procedures as necessary
In most cases a petiod of seven to ten days will be required to prepare the
patent for a subtotal thyroidectomy Occasionally becaust of the severity
of the complicating heart disease, a longer period will be necessary The
diet should be abundant and 1t 15 well to add vitarnins, especally vita-
mn By The preoperative medical treatment should be conunued as long
as there 15 evdence of a progressive improvement as shown by a fall 1n
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the metabolism, slowing of the heart rate, and a dimunution 1n congestion
Tt 15 useless to wait for the auricular fibrillation, if present, to disappear
or to use quuudme predperatively The type of anesthetic does not seem
to be of any great importance Many of my patients were given a general
anesthetic although others had local anesthesia The surgeon should be
urged to take out more rather than less of the gland, as too frequently an
nsufficient amount 1s removed

The postoperative care consists of contnuing 1odine therapy for about
o weeks, and whatever other measures the cardiac problem requires
If the rhythm of the heart had been regular before the operation an
attack of transient aurrcular fibnilanon the first day or two after the
operation 15 not uncommon If there had been persstent auricular fibri
lation, 1n many instances the heart will be found to resume 1ts normal
rhythm spontaneously during the first week or two postoperative The
basal metabolic rate should be determined from tume to ume with the
hope that 1t will be normal within two weeks after the operation In most
cases 1n which sausfactory results are obtamed the metabolic rate 1s
already mormal by that ume, although 1n some 1t 1s stll appreciably ele-
vated only to fall to normal more gradually several weeks later If the
rate remams elevated the operation has not been a success and some of
the troublesome features such as auricular fibnillation may persist If the
metabolism has returned to normal and this wrregulanity 1s still present
one should seek for other causes of auricular fibnilanon, especially mitral
stenosis Sometimes the murmur of mutral stenosts or aortic insufficiency
may become audible only after the metabolism has been brought to nor-
mal after the operation On the other hand, a systolic murmur so freyuent
during active hyperthyroidism, often disappears with a return of the
metabolism to normal On several occasions I have found defintte evidence
of rmtral stenosss which was previously unsuspected 1n patients who had
been operated upon for hyperthyrordism, where auncular fibnilation per-
sisted despire a normal metabolism If this irregulanty has not disap-
peared by a fortmght after the operation one may give quumdine with the
expectation that a normal rhythm will be reestablished It 1s advisable to
do this, bearing 1n mund that 1f mutral stenosts 1s also present, quumdime
therapy will entail the same hinutations and same dangers that obtan 1n
cardac patients without thyrord disease

The results obtained by the above method of treatment are nothing
short of muraculous Patients previously mvalided and apparently hope-
lessly so have been restored to good health and frequently to a state of
complete recovery When 1t 15 appreciated that m many of these patients,
those ncluded by the term “mashed thyrocardiacs, proper dragnosis
could not even have been made up a few decades ago and that they would
finally have succumbed to heart falure, one can then fully sense the
progress that has been made i recent years Thus progress has been the
combuned result of the proneer physiologic work 1n bodily metabolism, the
wonderful development of surgical techmc, and finally the careful bedside
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clincal observanons that brought to hght thus hitherto unrecognized
group of thyrocardiac patents

The surgcal mortality 1 these cases since the mtroduction of the pre-
operauve use of 10dine has become almost ml There 15 practically no
cardiac patient too sick to be helped or too sick to undergo the operation
Npt only 15 the immedtate nisk very shght but the improvement obtained
1s quite lasnng Unhke other forms of chromtc heart fuilure, where the
improvement after careful treatment 15 apt to be only too temporary, here
permanent relief 15 obtamed and the patients often are able to carry on
full duty without further medicanon To be sure, they are left with what-
ever independent form of heart disease, be 1t valvular, hypertensive or
coronary, which happened to be present, but now the previously embar
rassed heart resumes 1ts compensated state and 15 able to continue so for
years In no other group of panents who suffer from chromc intractable
heart failure desprte good medical management have the members been
able to resume varying degrees of physical acuvines for as long a time as
those m this group under discussion It 1s this difference m outlook and
1n treatment that makes the problem of thyrocardiac disease so rmportant

One of the advantages of surgery 1s the detection and exurpatton of any
neoplastic process that might be present in the gland Occasionally one
finds such cancerous tissue unexpectedly One never needs to worry about
cancer of the thyroid m the presence of diffuse hyperplasia or classtcal
Graves disease Mahgnant lesions ocour exclusively in an adenomatous
goiter, most ly 1n a single d and only very rarely
with the touc type

There 1s no better way of crystallizing the above problem than to cite
briefly some personal experiences One of the first pattents of this type
that I had the good fortune to examine 1n 1921 was a woman 1n the sixtres
who had had progressive hypertensive heart faure for two and one-half
years, dunng the last six months of which she had been bednidden
Despite excellent care under the supervision of competent consultants she
had been progressively losing ground The clues m thus case were a tus-
tory of transient auricular fibrillation progressing into the permanent form
of the iregulanty a recurrent glycosurta and the failure of the rapid
1rregular heart to slow on adequate digitalis dosage In addition there was
a certam quickness of motion that the patient mamfested despite the fact
that she was orthopneic, showed free flud 1n the chest and abdomen and
had generalized anasarca The basal metabolic rate was found to be +71
per cent and eventually, after a subtotal thyroidectomy all signs of con-
gesuon disappeared, the rhythm of the heart became regular spontane
ously, the metabolic rate became normal and during a subsequent period
of twelve years she never had return of the heart failure After 2 long and
useful life she finally developed dyspnea and hypertensive heart failure
and died about fourteen years after the operation Her condition remained
long overlooked because of the absence of thyroid enlargement and
exophthalmos
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Another dramatic result was obtamned in the case of 2 man 60 jears
old suffering from angina pectoris During a period of six years there had
been mcreasing occurrence of the attacks so that finally they came very
frequently while the pauent was at rest, even awaking lum from sleep
every half hour or so The condizon remained refractory to all medical
methods of treatment although the attacks were always temporanly
relteved by mitroglycern In desperation the patent wanted to undergo
some form of surgical operation such as cervical sympathectomy or alcohol
ijection of the dorsal roots to obtamn relief He was 1o thrs state when
I first saw lum The phystical examunation revealed no abnormalittes The
heart rate ranged between 70 and 80 After a period of obsernvation of 2
week during winch ume I was at a loss as to what to do, for he was having
forty attacks of angma a day, 1t suddenly struck me that hus skin was
somewhat moist and shightly pigmented He also moved rather quickly
and jerkily 1n bed Ths Jed to the suspicion of masked hyperthyrodism
The basal metabolic rate was found to be +45 per cent and on Lugol s
solutron 1t fell to +5 per cent With this fall came a striking improsement
with no attacks at mght and only about four durmng each day No evidence
of an enlarged thyroid gland could be made out by palpation or x ray
evamunation Despute this a very small adenoma was found and removed
from behnd the manubrium This emphasizes the mportance of x ray
examinanon 1n searching for a medhasunal goier when none can be felt
1n the neck Often one can be discovered 1n this way which would other-
wise be overlooked All attacks of angina disappeared after operatron and
he was able to resume his normal activities for many years thereafter He
experienced angmal attacks only if he hurried up huil In other words, the
angmal state was actually present but was held in abeyance as the metab
oltsm was kept normal

The following expenence illustrates the difficulty of recogmzing hyper-
thyroidism 1 the presence of mutral stenosts This man 40 years old,
had a hystory of rheumatic fever and was known to have mutral stenosis
He gradually developed increasing dyspnea and over a penod of erghteen
months became bedridden wyth advanced congestsve heart farlure His
phystcian and the consultant in attendance had observed that 1t was 1m-
possible to slow the heast rate below 100 even when full doses of digitalis
were given When I saw um st was this raprd wrregular heart rate 1n the
face of constant admimstrauon of digitalis together with a  salmon-
colored skan  that first made me suspect a latent hyperthyroidism Whale
1n the state of advanced congestive heart failure with an apex rate of 170
to 180 the basal metabolic rate was found to be 440 per cent On the
same dose of digitalis (0 1 gm twice daiy) but with the addiion of 10
drops of Lugols solution three umes a day, the heart rate quickly fell
from 180 to about 60, the basal metabolic rate to +-6 per cent and there
took place an extraordinary diurests Within ten days the panent felt
perfectly well It was believed, however, that the mmprovement would
ouly be temporary 1f the tovc gland were not removed There was no
exophthalmos or palpable thyrod gland It was difficult 1 thus case, as
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n many others, to convince the patient that he should undergo an opera
tion In fact 1t was not stmple 11 some 1nstances to prevail upon the sur-
geons to perform the operation, for often they did not believe the gland
was diseased However after the operatton i this case the stking 1m
provement that had taken place on Lugols solutton was mamntamed
despite the fact that the patient sull had mtral stenosis and auncular
fibrillanon  He was able to resume his work which he had been forced to
give up two years previously

In another case a middle aged woman was seen 1n advanced congestive
falure She had been quite sick and bedndden for several months and
had had repeated tappmngs of the nght chest, each ime removing a hter
or more of flusd The findings strongly pomted to the diagnosis of mutral
stenosts The heart was quite rapid, grossly irregular, and the sounds were
hyperactive There was a slight aprcal systolic murmur and a questionable
famt diastolic murmur In addition there was a short vibration or thrll
at the apes, difficulr to nme because of the rapid rate The electrocardio-
gram showed deﬁmte night axs deviation and the left auricle was found
to be mod | d on x ray e One can see that all the
features of mutral stenosis were present except for a clear-cut diastolic
murmur After a week bad elapsed our studies revealed that the blood
cholesterol was low (140 mg ) and the crculaton time was fast {12 sec)
despite the presence of marked right hydrothorax and enlarged liver The
condition 1mproved somewhat on 10dine therapy and the metabolism fell
from 47 per cent to +12 per cent After a subtotal thyrodectomy further
improvement occurred, but auricular fibnllatton continued Two weeks
after the operation qumdine restored the rhythm to normal and the
pauent recovered completely Even the dilated left auncle and the nght
ax1s deviation returned to normal She has remained well and shown no
signs of heart or thyroid disease these past mne years

One could go on at great length and deseribe numerous other mstances
in which apparently hopeless cardiac invalids were resurrected by, first
the detection of suspicious evidence of masked hy perthyrordism and then
by the mstitution of proper treatment The important lesson from all this
15 constantly to suspect an undetected toxic thyroid gland when treating
patients with cardrac disease Although a very few such patients will be
suffictently improved by the use of 1odine therapy alone, the vast majority
will do better to undergo a subtotal thyrordectomy

The question of x ray treatment for hyperthyroxdism deserves a word
of comment I have had httle expenence with 1t because 1t 1s time-con-
suming and too often meffective The fact that operation 1s so safe nowa
days makes surgery the method of choice In a seres of mnety-mine
patients with thyrocardiac disease many of whom were cntically sick,
even still showing congestive failure at the time of operation there was
no surgical mortality whatever These figures speak for themselves

‘The reader may appear confused as a result of the above discussion of
the treatment for thyrocardiac disease The truth 1s that the author 1s also
somewhat 1n the same position Now that we have several possible methods
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of therapy the chorce 1s difficult Obviously, if a physicran works 1n 2
locabty where there 15 an appreciable surgical mortahity from thyroid sur-
gery or where aphoma, hoarseness or tetany are not mnfrequent comphca
tions or i1f mcomplete operations are performed and recurrent hyperthy-
rowdism 1S ¢ 1t would be preferable to advise nonsurgical pro-
cedures However, 1n these thyrocardiac patients, most of whom are
elderly, 1t has appeared to me that postoperative thyrord storms are almost
unheard of and that the fear of progressive exophthalmos 1s extremely
shght Furthermore, the cosmetic aspect of surgery 1s untmportant 1n this
group The chosce will also be mfluenced at imes by economic considera-
tons Hosprtal cases under propylthiouracil treatment have required more
lengthy penods of observations and were away from therr work for a
longer tme than those subjected to operation Fumnally, the therapeutic use
of rachoactnv e rodine 15 being explored Already many successes have been
achieved Only future expertence will clanfy the ulumate place this new
method will occupy 1n our chorce of treatment It must be said that good
results are not restricted to one method of treatment In the course of
the commng years, with mncreased experience, the cnteria for the selection
of one course of treatment or another will become established
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Syphilitic Heart Disease

Syphilis affects the circulation mn one of several ways There 15 a very
rare condition m which 1t involves the penipheral blood vessels, producing
a picture of malignant artertosclerosts and hypertension The more impor-
rant lestons are aortins and aneurysm, aortc msufficiency v olvement of
the coronary artenes and of the myocardium It 15 much more common 1
males than 1n females and m the colored race than in the white race

Aortitis and Aneurysm

Although the sprrochetes no doubt localize 1 the gorta a short ume
after the il nfection clintcal evadence of syphilitic disease of the aorta
ordinanily does not become apparent for many years (fifteen to twenty on
the average) after the primary sore However, there are occasional instances
1n which this does occur within one to two years The favonte site 1s the
first portion of the ascending aorta although any part may become affected
For many years therefore, a syphihitic process may be going on mn the
aorta without any impairment 1n health or any abnormalities on physical
examunation When syphllmc aortitis first becomes detectable 1t will do so
by producing a shght d of the ding aorta It will be dfficult
to eliat thus by percussion X ray examunation will be necessary and even
then 1t 1s no sumple matter to differentiate a luetic dulatanon from one
that accompames hypertension or one that 1s due to artertosclerosis

For the most part syphilinc aortitis of itself produces no symptoms
When 1t does so there 15 pan i the chest that resembles somewhat that
seen 1n disease of the coronary arteries The resemblance bowever, 1s only
superficial for the pam 1s not particularly brought on by walking and 1s
not so charactenstically constricting 10 type as 1t 1S m angina pectorts
Here the pamn 15 more bormng and more steady It 1s frequently more
troublesome at rest or at mght 1n bed or when the patient hes 1n certain
positions  Physical exammation for the most part reveals no essentral
abnormalines A locahized systolic pulsaton may be seen or felt at the
base of the heart, particularly mn the second nght interspace On ausculta-
tion there need be no murmurs or irregulanities whateser or only a shight
systolic murmur 1s present The aortic second sound often takes on a
peculiar accentuated or metallic quality When there are no other more
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definite evidences of syphibis 1t s extremely difficult to make a chmical
diagnosis As has just been menuoned the < ray may be very helpful but
often stiil leaves us m doubt It 1s now thought that the finding of cal
cification of the wall of the ascending aorta on x ray examunation 1s strongly
suggestive of a syphiliic process This sign has proved to be correct in
a few cases recently observed even when the serologic test of the blood
was negative Simular calcification of the arch or descending portion of the
aorta, however, does not have this same sigmificance The Wassermann
test will be found positive 1n only about 75 to 85 per cent of the cases so
that when negative it cannot satsfactorily rule out the diagnosis and when
positive 1t may not reflect a syphilitic process m the aorta

When the sy philiic process in the aorta produces a true aneurysm the
diagnosis 1s more readily estabhshed This takes the form of diffuse or
sacculared ddatation When the latter 1s present one can safely assume
that syphibs 1s the cause Aneurysm of the aorta produces symptoms
mamly by pressure on neighboring structures and this will n a large
measure depend on the portion imvolved and the direction that its enlarge-
ment takes It may press on the trachea or either bronchus and produce
cough (often with a brassy qualty), a tracheal tug, or atelectasts of the
lung It may expand backward and cause erosion of bone 1n the vertebrae
and nbs This then becomes quite painful On the other hand, 1t may
erode bone anterorly through the manubrium and clavicles and present
1self 25 a pulsating tumor mn the front of the chest Inequality of the
pupils and pulses or aphoma may result from pressure on nenes or large
arteries Aneurysms may attain 3 constderable size and produce no notice-
able symptoms merely because their growth does not happen to cause
pressure on any of these important structures

Apart from the findings just mentioned an aneurysm ofien produces
local pulsations 1n unusual sites Such pulsations are to be sought for by
mspection and palpation over the base of the heart and m the upper back
between the scapulae All the pomnts referred to should be gone inio
when an adult complains of a boning pamn in the chest and careful x-ray
exanunation should be made It has been sard thar there are two types of
aneurysm of the aorta—those with signs and those with symptoms One
should add =a third, 1 ¢, those with neither signs nor symptoms I have
seen panents with syphulitic aortic aneurysms the size of an orange when
there were no symptoms and no abnormal physical findings (escept 1n the
x-18y) even after the exact locatton of the aneurysm was known

The efficiency of the general airculation 1s not matenally affected by
syphiliuc 2ortitis with or without aneurysm If the valves, the coronary
artesies and the myocardium ate spared there will be no evidence of
congestive heart failure The largest syphilitsic aneurysm 1 ever saw oc-
curred 1n a patient who had a perfectly normal heart There never was
evidence of cardrac falure and on postmortem exammaton the weight of
the heart was less than 300 gm and the valves and myocardium were
normal 1n every way The aneurysm was almost as large as a football and
ongmated from a hole m the aorta I 5 cm m diameter When congestive
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heart failure 15 present with luetic involvement of the aorta some added
factor will be found which acts deleteriously on the heart

The syphiltic process may extend downward and mvolve the mouths
of the coronary arteres which open just at the root of the aorta This 15
not a rare complication and when 1t does occur all the possibilities exist
that attend an adequate coronary circulation Angnal attacks may occur
and sudden unexpected death result Syphilss, therefore, produces angina
pectons by narrowing the onfices of coronary vessels It hardly ever
mvolves the man course of the artenes as occurs in ordinary cases of
angina There have been a few cases reported 1n which the mouths of
both the night and left coronary artertes were completely occluded by a
gradual syphilitic process The circulation through the heart had appar-
ently been adequately mamntamed although no flow through the coronary
artertes was possible The work of Wearn has emphasized the possible
role that may be played by the thebesian vessels in mamtaiming the health
of the heart Compensatory arculation through these small channels that
open directly nto the ventricular cavines probably explams how such
patients could have carried on 1n Ife and may also account for the com-
pensatory mechamsm that goes on in nonsyphilitic cases of coronary
artery disease

Aortic Insufficiency

Of greatest importance 1s the effect of the syphilitic process on the
aortic valves, as thus accounts for most of the disability and mortahity 1in
syphilitic heart disease The disease often extends downward and destroys
the mtegrity of the aorucontfice It then produces aortic regurgitation just
as occurs tn rheumanc fever but, unhke the latter, 1t never results i
stenosts of the aoruc valve The appearance of the aortic cusps also duffers
m the two condiions In the syplulitic form the commussures become

P d while 1n the rl they become fused When aortic mnsuffi-
ciency 1s present the heart may become enlarged and 1n time congestve
farlure results Cardiac enlargement does not occur because of the aortitis
but as a direct result of the valvular insufficency When dyspnea and
other evidence of circulatory falure intervene the prognosis 15 apt to be
quute grave as response to treatment 1s on the whole unsatisfactory

The diagnosis of syphilitic aoruc insufficiency wall depend on eliciting
evidence of this type of valvular defect (Chap 4) It 15 most important
to apprecrate that during the early stages, the aortic diastolic murmur
which 1s so important may be very fant and only audible with the patient
upright and after a forced expiration At tumes 1t 1s difficult to determine
whether aortic msufficiency 1s part of 2 syphuhinic, rheumatic hypertensive
or artenosclerotic process and will require all the means available to help
1n the differentanon The difficulty may be particularly great because an
Austin Flint murmur resembling mutral stenosts rarely 1s present mn syph-
ihine aortic nsufficiency In general lueuc aortic mcompetency occurs at
about the age of 40 to 60, 1s much more common in males than females,
1s only rarely associated with auricular fibnllation and never results 1n
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stenosts of valves It 1s compatible with good general health and vigor for
many years but when cardiac decompensation first develops the down-
ward progress from then on 15 apt to be rapid Cheyne-Stokes breathing
and nocturnal dyspnea are common

Syphluhitic Myocarditis

Direct syphihitic involvement of the heart muscle 1s very rare When 1t
does occur 1t may take one of two forms There are 1solated snstances of
localized gumma of the heart When such a process tavolves the conduc-
tion apparatus, complete heart block may result There are rare mnstances
m which 2 myocardial gumma becomes calcified or causes a localized
aneurysm Under such cirq es, ¥ ray and ky iph 1010
may help m diagnoss The other form 1s a diffuse luenrc myocarditis
Ths 1s also quite rare and produces a rapid development of congestive
heart faiture that fails to respond to the customary methods of treatment
Syphulitsic disease of the heart muscle has been regarded by some ob-
servers as bemng quite common It used to be looked upon as a common
cause of angina pectorts, especially m younger people The opunton has
gradually changed and now 1t 1s thought that syphilis 15 a rare cause of
heart disease apart from ats effect on the aorra or the aoruc valves

TREATMENT

When congestive failure develops from syphulitic heart disease the
response to freatment 1s rather unsatisfactory The hope, therefore, hes
enurely m the preventive aspects of this disease All the efforts that are
bemg made to dumnish the merdence of the primary mfection wiil natu-
rally prevent the subsequent development of thus form of heart disease
Likewsse the early detection of syphilitic infection and the careful and
thorough treatment of syphuhs m 1ts early stages will do a great deal to
prevent these late comphcattons In fact it 1s already apparent, since the
mtroduction of the Wassermann test, the discovery of salvarsan and
pensctilin and the present public health campaigns agamnst venereal dis-
ease, that syphilitzc heart disease 1s becoming much less prevalent

If syphilitic cardrovascular disease 1s detected before erther angnal or
congestive symptoms have developed treatment 1s directed n the hope of
preventing or delaying such comphcations In the past, a course of potas~
sium 1odide and a heavy metal such as mercury or bismuth would be given
for one month and then followed by arsemic intravenously In general,
this would consist of 10 to 20 drops of saturated solution of potassium
1odwde three times dady and 0013 to 0026 gm (3 to £ grain) of mercury
sucammide intramuscularly three times weekly After one month, weekly
mjections of neosalvarsan would be given intravenously, increasing the
dose gradually from 02 to 045 gm Instead of mercury or as an adjunct
10 1t brsmuth salicylate (0 2 gm 1n 20 ¢c of oul) mught be employed iptra-
muscularly At present a course of pemcillin has become preferable
Because of the rare possibility of a Herxheimer reacuon one begms with
2 small dose and rapdly increases the amount It 15 too early to know
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what the 1deal program should be The following would seem to be a
reasonable course The first day 10 000 urts may be grven intramuscularly
six tumes daily at four hour mtervals The dose then 1s doubled each day
1ntil each dose 1s 160 000 wruts, then continued at that level The entire
period of treatment mught extend over ten to fourteen days The total
amount of perucillin would be about 7,000 000 to 10,000 000 umts This
program could be altered as to dosage or mtervals of mjectons, or one
mught see fit under certain circumstances to give single daily myjections of
long acting procame pemucilin It 1s not the purpose to push antiluetic
therapy to the point of making the Wassermann test neganve Although
one would welcome this reversal it often 1s 1mpossible to change the
reaction of the blood and contmued vigorous therapy may do more harm
than good After a pertod of treatment has been carried out as outhned
above, 1t may be repeated once or twrce a year

When congestive failure 15 present all the customary methods of treat-
ment are employed such as digahs and diwretcs (Chap 20) I have
seen pracucally no evidence that antiluetic therapy has been useful at thus
stage of the disease, except i a rare case of localized gumma of the left
ventricle with aneurysm which promptly disappeared on treatment How-
ever, pemcillin might be given 1n the hope of delaymng further progresston
It 15 particularly madwvisable to use arsenic intravenously if the coronary
artertes are involved and anginal symptoms are present for I know of
two mstances 1 which sudden and unexpected death occurred a few
mumutes after an intravenous mjection of salvarsan

When pam 15 due to disease of the aorta, especially when a defimite
aneurysm 1s present, antiluetic therapy can be very efficacious The pam
may disappear entirely This type of pam should be carefully distnguished
from anginal pam, for mtravenous therapy should be avoided in the latter
condition If aneurysmal pamn 15 very troublesome and refractory to med-
1cal treatment surgical measures mmght be considered

In a few 1solated and properly selected cases of sacculated aneurysm of
the aorta wiring has been performed apparently with some success The
cases 10 which this operation may be applicable are those mn which the
heart 15 essentially normal and the aneurysm both large and localized
The purpose 1s to produce a firm clot 1n the aneurysm and thereby pre
vent or retard its continued enlargement Quite recently the operation of
winng has been superseded by wrappmg the aneurysm with celiophane
Ths 15 more applicable to the descending arch and thoracic aorta The
purpose 1s to prevent further dilatation or rupture and to relieve pain
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Bacterial Endocardinis

There has been considerable confusion m the minds of physicians con-
cerung the term  endocardiis” and 1ts clhinical significance When the
valves are 1nvolved by acute rheumatic fever there occurs an acute endo
carditis which often leads to valvular deformuties and eventually to what
1s called chronic theumatic valvular disease of the heart The ongmal

docarditss under these es 15 nonbacteral If the heart 1s
evammned post mortem at the acute stage of the disesse the valves wall
show only shight alterations Pmhead vegetations may be found and shght
srregularities of the valve margms may be present Bactena wll be present
but rarely 1 the blood stream or on the valves In other words, unnl the
actual cause of rheumauc infection 1s discovered acute rheumatic endo-
carditis 15 regarded as a nonbactenal endocarditis Rheumatic endocardiis
1s therefore an affecnon from which chinical recovery takes place 1 the
great majonty of cases and as a result of wiuch chronic valvular deformities
develop years later which may lead to congestive farlure and other com-
plications of rheumatic valvular disease The condition which engages our
attentron 1n this discussion, on the other hand, is a bactenal affection of
the valves which was almost always fatal before the discovery of pentctlln
Therefore, when discussing ‘ endocarditis  two forms should be con-
sidered The first form 1s the nonbactersal endocardstis which 1s marmnly
rheumatic The second form 1s bacterial endocarditis which for purposes
that will become evident can be convenently subdivided 1nto two sub-
groups, acute and subacute

ACUTE BACTERIAL ENDOCARDITIS

Most of the clinucal features of acute bactenal endocarditis are sumlar
to those seen mn sut bactenal endocard: except that they occur
more rapidly, the whole illness 15 more violent and it lasts a much shorter
ume The cause of the brevity and the fulminatng nature of the disease
15 the type of mucroorgamusm that 1s concerned and the parucular disease
of which the endocarditis 1s only a part The more common orgamsms
responstble for acute bactenial endocardins are hemolytic streptococct,
pneumococcr staphylococet, gonococer and influenza bacilh  There are
rare instances 1n which other bactersa cause this same disease Occaston-
ally an infecnon with one of the above may run 2 prolonged
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course and would nightly belong to the type designated as subacute
Thus 15 particularly true of Bacillus abortus infection (undulant fever)
The subacute type, however 1s so common and so disunct that for prac-
ucal purposes 1t deserves to be distinguished from those designated as
acute endocarditis

Acute bactenial endocardiuis 1s a part of an overwhelming general infec
tion with involvement of the blood stream It 1s always secondary to some
other primary disease process The patient may have an acute or subacute
gonorrheal nfection and dunng a phase of bacteremia, if the valves of
the heart become mnvolved, acute bactenal endocarditis due to the gonro-
coccus develops Another has an ordinary lobar pneumoma, and 1n a
stmilar fashion a pneumococeus infection of the valves develops In ths
way almost any nfectious process can at times become the pnmary cause
of involvement of the valves

It 15 often difficult and at times 1mpossible to diagnose thus condition
The evidence of endocardial 15 apt to be hadowed by
the severe sepuicemnra and underlymng discase A patient 1s very ill with
pneumoma or with streptococcus septicerma and the fact that the valves
are affected may be overlooked unless significant murmurs develop or
embolic phenomena occur These are not mvanable, however There 1s
present a constderable fever with or without chulls, rapid pulse and the
general appearance of a severe acute mfecuon The spleen becomes en-
larged, petecliae and embols are common and menngiis 1s not rare
Many of these features merely mdicate a severe infection and do not
necessanly posmt to a disease of the valves The finding of a posinve blood
culture establishes the fact that there 1s a septicermia but does not prove
that tactena are lodged on the valves This accounts for the fact that
many such cases are first detected on postmortem examination

It 1s of some 1nterest that although preumococcus endocarditis 15 quite
common among fatal ¢ases of pneumona, 1t cannot be regarded as a cause
of chrome valvular diseases I have seen only one case 1n which 1t seemed
that an attack of pneumona was the cause of a chrontc valvular disease
In ths nstance there were no murmurs or other evidence of heart disease
before the illness and defimite signs of zortic msufficiency appeared directly
after the pneumorua When the physician 1s inquiring 1nto the past history
of his patients and 1s told that there was some leak 1 the heart ever since
an attack of pneumoma he has reason to doubt the assumed relationship
On closer scrutny 1t may be found that the murmur antedated the attack
of pneumorua and was due to a previous rheumatic mnfection or that the
alleged pneumoma was 1n wself theumatic in type or actually an instance
of rheumauc pericardstis wath signs of compression of the lungs which
cannot be distinguished from the signs of pneumoma However, i the
future the situation may be different As some recoveries may now be
‘expected following the use of the newer drugs we will undoubtedly see
cases of chromec valvular disease resulting from cured instances of acute
pneumococcus endocarditis

Unltke subacute bacrenal endocarditis the acute form frequently affects
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valves that were previously normal Both sides of the heart are vulnerable
to this mnfection Although the aortic and mutral valves are more com-
monly myolved, the pulmonaty and tricuspid may also be affected The
disease runs a course of several days to a few weeks and was formerly
almost always fatal

Treatment

In the past, many chemucals and sera have been used without success
With the discovery of sulfonanudes some cures were obtaned and with
the mtroduction of pentcitiin and relared drugs many more recovenes take
place The actual details of ths treatment will be discussed under sub-
acute bactersal endocardius for 11 15 essentrally the same 1n the two con-
dions Suffice 1t to say that because the illness may run a short and stormy
course, the exact mucroorgantsm should be 1dentified as quickly as possibl
and the dosage of the drug employed should be larger rather than smaller
than mught have been needed However, 1t would hardly be wise to delay
treatment 1n a suspected case merely because 2 defimitne diagnosis had
not yet been established or the blood cultures were still stertle As a result
of this point of view we may now see recovered cases with compensated
chronic valvular dicease, not rheumatic 1 origin, that we have never seen
before Furthermore, at present bacternal endocarditis 1s being prevented
as g result of the liberal use of these preparations during tebnle tlinesse
before the valves have been involved, as well as bemg cured after such
mvolvement In fact, cases are being cured that have not and could not
have been diagnosed

The entire problem of treatment has changed smce the discovery of the
new antibacterial agents, 1¢e, sulfonamudes, penscillin and streptomycin
Physicians are so prone to use these drugs for febrile illnesses, even 1f
the exact diagnosts 1s not established, that no doubt many cases that
formerly would have ended up m a bactersal endocarditis now recover
The result 15 that at pre ent thrs disease 15 seen more rarely and when
already present need not progress to the full blown chinical picture formerly
seen Both the acute and subacute types of bacterial endocardstis are now
so rcsponsx\c to treatment that 1t 1s becommg rare to observe all the

phicauons and deyelop that previously eccurred which
were so dxsasrrous and fatal The sttuation 1s not unhike the disappearance
of the ravages formerly witnessed m the course of pernicrous anemia
before the discovery of Iiver therapy

SUBACUTE BACTERIAL ENDOCARDITIS

Predisposing Causes

As a result of constderable accumulated expenience 1t has seemed that
there are certamm mdividuals who are more prone to develop this disease
and others who are much less so As a rule patients who develop subacute
bacterial endocarditss kave had some sort of heart murmur for years but
otherwise have been farly well The heart 15 only slightly or moderately
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enlarged, the rhythm 1s regular and there 1s no hypertension They have
had little 1f any dyspnea and have been able to carry on usual activities
When the ongmal mnfection was rheumatic fever, they are apt to have
had one or only two bouts of thus, thereafter remaming free from recur
rent theumatism In other words, those patients with valvular deformines
who on the whole are mn comparatively good health are most vulnerable
In contrast to thus, 1t 1s rare indeed to see the disease develop mn patients
who have had chronic persistent auricular fibrillation or who have pre
viously had congestive heart failure or hypertension In fact it 15 not very
common 1n outspoken cases of mutral stenosis, particularly i those m
which there 15 marked comstriction of the valve It s frequent in patients
with well-compensated aortic msufficrency or stenosis or mutral suffi-
ciency It practically never develops m a previously normal heart but
rather 1n those which have some abnormality of the valves or endocardium,
either theumatic or congemital 1n ongiz In general 1t may be said that
20 to 25 per cent of all patients suffermg from valvular disease formerly
bed to bacterial endocardity

In an analysis of 111 cases of subacute bacterral endocarditis 1t was
found that a past history of rheumatc fever was obtamed n forty-two
mstances of chorea 1n three, and of both i s1x cases There were eleven
other patients who had a Iustory of scarlet fever There 1s an mndirect
assocration between scarlet fever and rheumauc fever m that the latter
may follow mn the wake of the former Some patients who develop a heart
murmur after an attack of scarlet fever will be found on close scrutiny
to have had mild hmb or jomnt pans dunng their convalescence and 1t
can be surmused that they actually had an attack of mild rheumatic fever
which was precipitated by the scarlatina infection  Recently 1t has been
found that those children who had cardiac involvement supposedly as a
result of an attack of scarlet fever have had the same hugh familial incidence
of rheumatic heart disease as occurred 1n ordmary cases of rheumatic
fever This leads one to believe that scatlet fever produces a chromic
endocarditis only 1n those suscepuble mdividuals who are already poten-
ually rheumanc Of the entire group of 111 cases, 1n only one could no
ather cause but a luetic aortic msufficrency be found to account for the
previous valvular mjury There were erght other cases in whech there was
2 positrve Wassermann reaction 1n the blood but in all there was stenosis
of the aortic or mitral valve or a past history of rheumatic fever which
made 1t Iikely that a rheumatic mather than a syphiliic lesion was the
predisposing cause Congenital lesions were the site of the bactenal endo-
carditis in five cases

Bactental endocardius 15 rather rare during pregnancy but 1s more
likely to develop during the first few months after delsvery in those women
who have the approprate cardiac background This may be due to the
increased amount of dental work done i these months or to the presence
of bactena n the uterus and vagina Streptococer have been found m the
uterus 1n many cases for some days after delivery Prophylactic pemeithin
would therefore be advisable for several days after the beginning of labor
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The ume elapsing between the orsginal injury to the valve and the
development of bactenal heart disease 15 difficult to ascertam accurately
In a group of sixty cases the average nterval between the first time the
patients knew they had © heart disease and thss final disease was about
twelve years The shortest interval was one year and the longest was
forty-five years

Incidence

Males predomunate over females m the proportion of three to two
despite the fact that among all cases of mmtral stenosis the proportion 1s
wwo to one m favor of females This reflects the relative antagomsm be-
tween mutral stenosis and subacute bacteral endocardiis The most prev-
alent decade 15 20 to 29, although the disease occurs i mdividuals at all
ages from childhood to old age It s curtous that although males strongly
predomunate after the age of 30 the reverse 1s true under the age of 20

Clinical Features

Subacute bactenal endocarditis or endocarditis lenta 1s a fairly common
conditon and 1s maimnly due to the Streptococcus tirtdans The 1nfection
becomes implanted almost 1nvaniably on previously injured valves Gen-
erally there has been some rheumatc valvulins from which 2 satisfactory
recovery had taken place or much less frequently there has been some
congenutal defect like patent ductus artenosus, ventnicular septal defect or
bicuspid aoruc valves Even when evidence of an early rheumatic infection
cannot be elicited 1t will be found that some sort of heart murmur was
present before thus final infection developed

The onset of the disease 1s rather gradual It generally 15 intnated by a
so-called “simple cold or sore throat or not infrequently by the extraction
of a tooth or the removal of tonsils Rarely a local septic infection such as
15 seen after a simple abrasion of the skin may be the precipitating cause
Bacteral endocarditis due to B colr and staphylococcus has occurred fol
lowing urethral mampulation such as the passing of a sound It may occur
post partum or postoperatively if there has been some munor secondary
infection When these causes usher in the disease 1t must be borne i
mund that i1f the heart were ongally 1z a normal state subacute bacteral
endocarditis would less likely have developed It 1s because the patient
already has some old abnormality of the endocardium, especially if he
belongs to the vulnerable group, that 2 few stray bactena mn the blood
stream start growmg on the valves Very frequently the onset 1s griplike
or may resemble typhoid fever The patient may have complamed of a

cold and state thar since then he has not felt well Malaise, anorewia,
sweats and chulls gradually develop There 15 a slow loss of strength and
weight, although duning the early few weeks many are able to do and
some actually contiue at thewr usual work Fever 1s practically always
present and generally 15 of the swinging type, about 98 to 99 I in the
mormung and 101 to 103° F 1n the evenung Occasionally the fever 1s very
shight, hardly nising above 99 I for some ume
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Although many of the clinical features commonly seen m previous years
are now often lacking because of early treatment, 1t 15 helpful to describe
them n some detail as they may appear in an untreated case They will
sull occur m neglected cases or 1n those that do not respond to therapy
"The various important features of this dsease occur 1 no constant erder
In some, only the symptoms lsted above develop for a long ume m
others, complications that ordmanly come late may be the mnitial event
calling attention to the gravity of the situation I recall an mstance
which a young dentist suddenly developed blindness 1n one eye due to 2
retinal embolus Although he had not felt exactly well for a week or two,
he was at work when the visual acaident occurred The significant points
to bear 1n mnd are petechiae, splenic enlargement, red blood cells 1n the
urine, clubbmg of the fingers, panful finger tips, emboli and a postuve
blood culture These are parncularly important because they help to dis-
unguish this disease from an active rheumatc infection of the heart or
1ts valves

‘The petechiae are small oval hemorrhagic areas about 1to 2 mm 1
length which on close inspection will show a gray or white center They
are commonly found 1n the conjunctival sac, the mucous membrane of
the mouth or on each stde of the neck, although they may occur anywhere
over the body They are almost pathognomonic of a bacteral endocarditis
The spleen gradually becomes enlarged so that at first the change may
be suspected by percussion and finally by palpation The enlargement 15
due both to embolic nfarctrons and to the general septic process A pal-
pable spleen 1s rarely found 1n theumatic fever itself or m valvular disease
of the heart even when there 15 congestive heart falure The Liver often
becomes markedly enlarged during heart failure, but not so the spleen
When the abdominal viscera show evidence of passive congestion splenic
enlargement only occasionally reaches the pomnt at which this organ
t palpable on abd 1 10n

The finding of 2 considerable number of red blood cells 1n the urne
1s also distinctive because 1t does not occur m ordmary heart disease
unless there 1s an active nephrins as well, and only very rarely durng
simple rheumatic fever Acute penicardins 1s common with rheumatic -
fections and very rare with bactenal endocardins Clubbing of the fingers
1s cemmon after the first few weeks of this disease It 1s not seen 1n rtheu-
matc fever or 1n ordmary heart falure It does occur 1n congenital heart
disease when there 15 chromc cyanosss, 1 chronic pulmonary nfections
and 1n some other cardiac states associated with cyanosss Its presence as
2 consututional or hereditary condstion at times makes 1ts interpretation
difficult Apart from the clubbing there 15 also a peculiar type of pamn m
the finger tips that deserves attention Pattents often complamn of sudden
pam 1m the balls of their fingers It comes lasts a few days and then com-
pletely disappears Dunng tlus ume one may see a somewhat purplish
spot at the tip of the fingers or under the nails which gradually fades
entrely Because of the unusual location, pamns of this type are highly
disunctive of 2 bactenal endocarditts Simular pans and discoloration of
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the skin can occur elsewhere, of course, but then their interpretatton 1s
not so sumple, although splinter hemorrhages anywhere in the shin are
fairly distinctive
The recovery of bactena from the blood stream by cultural methods 1s
the most important evidence of bacterial endocardiis The ease with
which thus 1s obtamed varies considerably 1n drfferent cases and does not
necessarily depend on the height of the fever At tumes repeated blood
cultures may be negatve although other aspects of the case wmdicate a
severe infection, whereas i some nstances i which the afternoon tem-~
perature s Jess than 100 F 2 postuve culture 15 readily obtaned The
orgamsm that 1s found 1s generally the Streptocaccus viridans or the non-
hemolytic green producing streptococcus These bactena may be slow to
grow 1n artificral medra so that the cultures should be saved for a week
or two A positive blood culture 1s very rare dunng rheumatic fever and
will be found m most cases of subacute bacterial endocardrus if repeated
search 1s made
Fnally one of the characteristic features of the disease 1s the occurrence
of emboli They are common 1n the spleen, productng acute sharp pamn
over the lower lateral aspect of the left chest, 1 the kidney causing pain
1n the loin or 1 the abdomen with radration to the groins, 1 the hmbs,
or 1n the bram with the necessary consequent complications Embolr to
the intestines sufficient to produce significant symptoms are rare, aithough
occastonally gangrene of the intestines may result The ussues involved
1 these various wmnfarctions rarely break down or suppurate When the
vegetations mvolve the nght side of the heart pulmonary embolr occur
In a small group of cases, as the disease progresses, the active stage,
as expressed by fever and chills, quets down and a picture of chrome
progresstve renal insufficiency develops These patients appear to have
chronic nephrius with nitrogen retention and marked anema  They may
have Iittle or no fever for long pertods of tme, show no bactersa n the
blood stream and die a renal death The clinical diagnosts will then have
to rest on the presence of cardiac murmurs, clubbed fingers, anemia and
other general peculianities of the illness
Rarely one may see what can be called “silent bacterial endocarditis
I recall overlooking such a case which I regarded as having erther neuro
arculatory asthemiz or mild rheumauc fever This young soldier had a
mutral systolic murmur from a previous rh bout and lained
of weakness and ruld atypical discomforts in the precordium There was
no dyspnea or evidence of cardiac nefficiency For many weeks there was
no fever, leukocytosis or increased sedimentation rate No clubbing,
hematuriz or embolic phenomena developed Only during the last days
of hts lfe was 1t apparent that he had any infectton, when he rapidly
went downhill and died At autopsy bacterial endocardius of the mutral
valve was found
There 15 a type of case in which the vegetatons may be confined fo the
nght side of the heart and 1 which peripheral arterial embolt are striking




BaCTERIAL ENDOCARDITIS 77

by thewr absehee and the blood cultures prove neganve for most of the
course of the iliness Small embol, however, become dislodged and pro
duce muluple pul y infe Such cases may resemble pnen-
moma 2nd be wrongly diagnosed as such This state of affas 15 apt to
occur when a bactenal endocardinis develops on the defect of 2 parent
yventnicular septum or patent ductus arteniosus I have seen an wstance
which on p a nng of veg fed the
aperture of the septum on the mght ventricle while there were no vege
tations sn the left vemtnicle Tt seemed that the flow of blood from lefi
to right ventricle presentad the growth of the bactersa agamst the stream
"The presenting symptoms 1n thys case were pulmonary, and the perspheral
artenal phenomena were lacking

The course of the sliness, if ungreated, 1s 3 gradual downlull one It
may be suddenly altered or d by pecubar acadents such as rup-
ture of a valve, the venmcular septurn o the ventmondar wall, or by a
gross cerebral embolus There 15 even a recorded mstance 1 which an
embolus 1nto the coronary artery from a vegetation of the zortic valve
occurred with mstant death i an mndividusl who was well enough to be
playing golf when he was stricken Ordinanly however, the disease lasts
several months or longer with slow wastng such as one mught expect
with 2 prolonged septic process The symptomanc complaints may be very
few for long penods of tme In fact some would hardly think there was
anything wrong and wonder why they are regarded as sick and kept m
bed Dunng the eatly weeks or even for months there may be no dyspaea
or evidence of cardinc fadure These do cccur later 1 the disease and
beart fadure may be regarded as the final cause of death n a considerable
portion of cases Other pauents merely waste away with mncreasmng anemma
In a small number a majer embolus brings to a close ths hngenng
disease In a very few the end result 1s 3 glomerclar nephrits with wermc
manfestations

The Valves Involved
It 15 frequent to find on postmortem that the

of subacute bactenial endocardsts mvolve more than one valve When they
are confined to one valve they are almost as common on the mutral as on
the aortic leaflets Much more rarely are the pulmonary or trcuspsd
valves affected A correlanon of postmoriem findings with the presence of
heart murmurs enables one to predicr faly accorately the locaton of the
vegetatiye process When the ongmal defect 15 2 congenutal lesion the
vegetations will be centered about that arez wnwvolved Ia acquired heary
disease (almost always theumanc and only rarely luenc), of thers 15 an
apical systolic murmur and no diastolic murmur the vegetatons will be
confined to the mitral valve Occasionally there 1s only a s) stolic murmur
but one that s best heard at the base of the heart due to aortic stenosis
without evadence of aoruc msufficiency Under these arcumstances there
will be vegetanons on the aoruc valve When an aoruc diastolic murmur
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15 heard there will always be found an active bactenal endotardius of this
valve either alone or with extensions on the mitral valve When there are
typical signs of mutral stenosts without evidence of aortic insufficiency the
growths will be found on the mitral valve, but when an aortic diastohe
murmur 1s also present 1t will be difficult to draw any conclusion for the
murmur at the apex may prove to be an Austin Flint phenomenon In
this way one can fairly well predict the location of the vegetative process

Differential Diagnosis

During the early days this disease offers considerable difficulty 1n drag-
nosis The insidious onset with vague nonlocabizing symptoms may lead
to a diagnosis of grp Later as the fever continues and sweats develop
tuberculosis will be suspected or because of spots on the skin and enlarged
spleen typhoid fever will be considered More frequently because of the
presence of a heart murmur, fever and some vague patns, the condition
will be regarded as theumatic fever The absence of any murmur 15 a
very relable clue 1n el g the d of sut bactenal endo-
cardiis T have seen only two instances of this disease i which either a
systohic or diastolic murmur was not heard on careful auscultaion Gen-
erally the murmur 1s of more than very shght intensity and 1n most cases
does not change over long pentods of tune The sudden development of a
new murmur or the accentuation of 2n old murmur occurs but rarely
This indirect method of ruling out the dragnosis has proved helpful on
several occastons I recall two instances 1n which the dragnosis of subacute
bacterial endocarditis was made by competent physictans on the basis of
some of the clincal features discussed above In the absence of any mur-
murs I expressed the defimte opimon that some other cause would be
found for the fever and sweats In a few days tubercle bacilli were dis-
covered 1n the sputum

‘The presence of a murmur, on the other hand, does not necessanly
mean that there 15 an active bacteral endocarditis It obviously 1s a com-
mon finding 1n rheumatic heart disease, and the new mfecuon with fever,
sweats and varrous aches and pans may be a recurrent rheumatic bout
with or without rheumatic cardins This differentiation between rheu-
matic fever and subacute bactenal endocarditis 1s sometimes very difficult
and always most important No matter how il the patient suffering from
the former condition may be we are hopeful of a recovery, and no matter
how well one wath the latter condition may appear we fear a fatal outcome
unless treated vigorously with spec:fic drugs Apart from the speaific and
more ct 1stic features p 1y d d there are some more gen-
eral differences betw een the two diseases The heart rate 1s apt to be more
rapid mn relation to the degree of fever in rheumatic than in the bactenal
infecuon Although both may show a moderate degree of anerma 1t be-
comes eventually more marked 10 the latter condivon Although both
show a slight leukocytosis this may be absent in the presence of fever
more often 1n subacute bactenal endocarditis Salicylates do not alter the
fever or the symptoms mn the one and generally do so i the other Pen-
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carditis, arrhythmuas and alterations 1n the electrocardiograms (especially
prolonged P R time) are common in rheumanc and rare m bactersal
mfections

The presence of a distinct murmur and 1ts proper interpretation, how-
ever, may be the main clue to the diagnosis T recall an instance when a
man was taken while at work with severe pamn 1n the left lomn radiating to
the genitals He also noticed grossly bloody urme It seemed like 2 defi-
nute case of stone m the left hedney or ureter and was so regarded by all
the physictans who saw hum There was a moderately loud aprcal systolic
murmur which he had known about for many years On close questioning
I learned that while at work be had not felt really well for several weeks
Although there was no fever at this ume, to explain both the murmur and
the sudden pain 1n the kidney, a diagnosts of subacute bacterial endocar-
ditis with left renal embolus was made This was confirmed by the finding
of Strepto occus tirdans in the blood stream, although the culture was
made when the pauent s temperature was only 992 F This evencuality
1s by no means rare i patients who have had a so called bemign systolic
murmur for many years

Finally, skin tests may help to differentiate rheumanc fever from bac
tenial endocarditts In 80 to 90 per cent of cases of rheumatic fever, 1f
dead cultures of Streptococcus hemolyticus or Streptococcus viridans (01 to
001 cc) or the spht proten products of these germs are myected infra~
cutaneously, a positive reaction consisting of a definute wheal will result 1
twenty four hours In a faurly large sertes of cases of subacute bacteral
endocarditis such tests have proved ecnurely negative except in rare
nstances Ths 15 a simple test and the reading can be made 1 twenty-
four hours With our present expenences 3f the skin test 15 posiuve, one
may mcline to the opimon that the conditon 1s not a bacterial endocarditis
If 1t 1s negative one may suspect this dragnosis but st must be remembered
that 1 about 50 per cent of normal mdmviduals and 10 per cent of rheu-
matic patients the reaction 1s also negative These differences m skin reac
nons and other suggestive chnical evidences of a certam incompatibality
between the rheumatic state and bactenial endocardius have led me to
think that those mdviduals who lose therr rheumatic predisposttion or
altergic type of response are the ones who become more susceptible to
the development of bactenial endocardiis The more immune they become
to the one, the more suscepuble to the other It 1s knawn that patients
who already are suffering from Strep wirtdans endocarditis are
highly immune to streptococes Thus 1s evident from the skin test and
from the presence of immune bodles m their blood In fact I have mlected
living varulent str derable quantities, sub

y, In
such patients without producmg any local reaction or only a very shght
one The stmultaneous presence of rheumatic carditis and bacterzal endo

carditts on postmortem examnation 1n a few cases 15 not i conflict with
the view that there 15 an antagonusm between the two dweases The bac-
terial infection, just ltke any mnfecuon, may stir up rheumanc fever and
the bactenal may have ded rather than followed the rheu
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matism In any event, the skin test has proved of some value m differen-
trating doubtful cases

It 1» generally regarded that embolr and a positve blood culture are the
two outstanding and determining evidences of a bacterial endocarditis
This really needs some qualificaions Emboli occur 1n rheumanc and
other types of heart disease mn which there 15 no vegetauve endocarditrs
In such cases, sterile mural thrombs are generally present in the auricles,
from which bits may become dislodged producing peripheral embols
erther 1nto the systenmc circulation or to the lungs When such embols
occur, recovery 1s likely to take place Likewise, occasionally streptococc
may be found n the blood stream by cultural studies when there 1s no
reason to believe they are comung from the valves of the heart It follows,
therefore, that although these points are extremely 1mportant the rest of
the clinical picture 1s essential to vahdate the diagnosis of subacute bac-
terial endocarditis Because of the grave prognosis that the diagnosts of
subacute bacterial endocarditis entarls, most careful constderation must be
given to other possibilines Iike tuberculosts, undulant fever, rheumatic
heart disease and the Iike

Prognosis

Thus used to be one of the most fatal of the common types of cardo-
vascular disease Its duration varies constderably from a few months to a
year or more Recoveries, however, have been very rare mn the past, 1f the
diagnosss 1s reserved for those cases that display the complete clmical
picture  Very likely in muld cases 1n which the fever does not nise above
101 F, 1n which one mmght hesitate to make a posiuve diagnosss, spon~
taneous recovery does take place On the other hand, if a fatal outcome
1s regarded as essennial to the diagnosts there obviously can be no recover-
1es ‘There have been 1nstances of spontaneous satisfactory recoveryin which
a careful review of the data forces one to accept the diagnosss It 1s curtous
that on very rare occasions a pauent may recover sympromatscally and yet
conunue to harbor the streptococc 1n the blood stream for a long time
Treatment

When sulfonamudes came into general use the first real therapeutic
advance took place The mortality fell from 99 or 100 per cent to about
90 per cent Definite recovertes resulted, especially with preparations ike
sulfadiazine when combmed with fever therapy The entire outlook
changed dramatically with the discovery of pemucillin and other drugs like
streptomycm and aureomycmn Now one can expect an overall recovery
rate of 75 per cent or more The results will depend on how early treat-
ment 15 mstituted and how carefully the exact therapy 1s chosen for the
particular mucroorganusm 1nvolved There have been reports of small
series of cases numbering twenty or more 1 which no fatalines at all
occurred

A search of the older lirerature and a glance at the eathier edstions of
this book will quickly reveal an variety of therapeutic p dure:
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that were formerly tried 1n the hope of obtaiming cures Varous chem-
1cals, dves, vaccmnes, sera, transfusions and other more fanaful procedures
were emploved None of them met with any success Tormerly there was
no advantage, except an academmc one, 1n making an early diagnosss of
bactenal endocardits, for treatment was then no more effective than of
1t was made Iate 1n the course of the disease Now 1t 15 imperative to make
as eatly a diagnosis as posstble, for 1t too long delased not only may cures
be fess attamable but yrreparable damage such as congestve falure or
hemplegra may result

Once the chmical disgnosis 1s suspected the patient should be sent to 2
hospitat The care, both dlagnosuc and therapeutic, of such a case 1s too

nvolved o be carmied out adequately at home Ch herapy should not
be wstitnted immediately, not untd &mc and pr:fcmhly cveral blood cul

tures have been taken I h as the p nvalves
a fong aud exp course of 1t 33 very desurable to be on
certam ground and iy to d what b 1s the

cause of the mfection There will be times that much delay may be dis-
astrous Thus may not permit more than one or two blood cultures bemg
taken If a physician has alteady given chemotherapy for a few days when
the diagnosss 1s stiff obscure, 1t may render blood culture studies unrelable
for some whale thereafter Inasmuch as at this nme the case 15 1n 15 early
stage, one may properly besitate to embark on a long course of treatment
and prefer to awatt developments for a short while In the long run much
confusion and trouble may be avorded at umes, by patence and inteffigent
observation

Another advantage of blood cuitures 15 that when the orgamsm s xdcn-
nfied 1t will be posstble 1o choose the approy type of ch h
and its dosage Whenever possible the laboratore should derermmne thc
concentration of the anubionc reqmred o mhbir the growth of the
speafic germ  Likewnse, the concentraton of the drug in the blood stream
on a partucular counse of treatment can be measured In that way the
physician can feel more certan that the infecnon at hand will be con-
trofled, that the dose needs to be mncreased or the type of drug changed
At umes even frequent blood cultures prove to be negatve, but if there
1s sufficient chiucal evidence (o render the diagnosss Iikely or of there 1s
a fair susprewon of 11, a regular course of treatment should be carssed ont

In most cases of bactertal endocarditis, atute or sub: dn 15
the drug of choice at present There are dxffer:nca of opmmn 2s 1o the
dosage and the method of admumstrauon No doubt n future years the
accepted procedures will change At one tme constant itravenous dnp
was used Others employed repeated of p
n Pulun menstroum Sttt others tred connnuous mntramuscular myec-
tion The m:(hod n most commnn use and the one 1 emplov 1s repeated

thn at three or four hour mtervals

throughout the day The dosc will vary, but a sansfactory one to start
with 1n the average adult x5 1,000 000 to 2 000,000 wts dady In many
cases 1t will become apparent 10 4 few days that therapy 15 effectve The
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fever will quickly subside, the general well being and appearance of the
patient will improve and blood cultures will become sterle The latter,
though comforting, 15 not altogether reliable, because under chemotherapy
the cultures may be negative even while the infection remams active A
positive blood culture 15 more decisive m indicating that the treatment 1s
not effective It 1s very rare for bacterial resistance to develop durng
active treatment, particularly when the infecton 1s due to the alpha
hemolytic streptococcus Development of resistance to pemtaillin of en
terococcr dunng therapy 1s not uncommon If the chinrcal progress 1s
favorable the same dose 1s continued for a mummum of four weeks and
possibly one or two weeks longer If the cultures remain positive or fever
and symptoms persist, the dose probably needs to be increased or the drug
changed

Now, as these preparations have become less expensive, 1t 15 wiser to
err on the side of excessive rather than inadequate amounts Furthermore,
laboratory studies may show that a sufficient concentration of the drug m
the blood stream has not been reached It has seemed that some cases of
well iy d free aortic msuffi with 2 hyperactive heart beat
have required Jarger doses than would be expected One wonders whether
under such crrcumstances, with a rapid velocity of blood flow, more of
the drug 1s washed out of the blood stream through the kidneys Some
have advised contimung treatment for six to eight weeks, even if every-
thing appears favorable It 1s difficult to be dogmanc about this Practical
consideratrons will inevitably influence the deciston, such as the cost of
medication, the expense of hosprtalization and the discomfort of the pa-
tient fiom such prolonged mtramuscular ijecuions Others have felt that
simular results may be obtained by giving the peaillin three umes dady
rather than six or eight mes The suggestion that simultaneous admins-
tration of hepanin 1s valuable has not generally been accepted I not only
do not advise 1t but fear that 1t adds further risks

After treatment bas been carnied out for four or six weeks and the con-
ditton 15 app ly satisfactory 15 omutted If all gaes well
nothing untoward develops Further blood cultures should remam sterile
and fever should not return O« Iy embolic ph occur dur-
g these earfy subsequent weeks which are wornsome They do not
always mdicate that the mfecton 1s sull active At tumes even wathout
further treatment 2ll goes well and we conclude that they were stenle
emboli The streptococcus skin test which generally was negauve o the
early stages of the disease often becomes posiuve as recovery takes place
In fact, 1t 1s supporung evidence that the infection has been controlled 1f
this change 1n skin reaction takes place Occasionally a bout of fever occurs
during the periaillin therapy that 1s due to the drug itself It may be
difficult to differentiate this from fever due to the underlying disease

In the case prog; favorably the temp will remain normal,
the blood culture negatise, the white blood count and sedimentation rate
will be normal and the patient will grve evsdence of a sense of well being
If the climcal and laboratory features pomt o 2 persistence of the mfec-
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uon further treatment 1s necessary At this pomnt the dose of peaillin
may need to be doubled or quadrupled If the onginal orgamsm was gram-
negative or as ncwsmnally happens 1f a muxed 1nfectron occurs or a second
muere n, about 0 5to 10 gm four
times daily intramuscularly or aurcomycm 05t0 10gm four umes daily
by mouth would be indicated Sometimes 1t 1s appropriate to admumster
more than one of these antibiotics stmultaneously

Methods have been used to mcrease the blood level of pemctthn For
this purpose benzoic acid, 20 gm four tmes daily, has been employed
Another and more preferable drug 1s caronammde 20 gm four tumes
datly These procedures are generally not necessary and may upset the
patent s digestive tract However, at umes they may be useful adjuncts
to pemicillin therapy, cspec:aﬂy when one 1s foreed to give very large doses

The most m this cond 1s the alpha
hemolytic streptococcus (vmdans) Other organisms 1solated 1 different
cases are the enterococcus, Staphylococcus albus, gamma streptococcus,

cus brucella or; B col: group and para mfluenza

Thmughout this period of treatment there 1s very hittle else mn the way
of speaific medication that 1s necessary The patient may be kept 1n bed
during the early days but 1f he appears farrly well and essentrally symp
tomless, as many do, he may be alloned out of bed during the latter part
of this pertod There are no restrictions 1n diet, with the possible excep-
tion of salt if there 1s any fear of congestive heart falure If the latter 1s
present treatment 1 given as one would with any case of heart failure
In a few cases heart failure 15 present as 2 result of the prolonged mnfec-
non before chemotherapy 1s effective It also may appear during the early
weeks or months after the mf:cnon has been controlled It appears that
m some cases the actual end 1on of rheu-
matic fever In other cases the prolongcd 1llness, the possible mcrease m
the mechamcal deformuty of the valves or myury to the coronary arterial
tree by small embolt results i a deterioration of myocardial function and
definite congestive heart fallure

It 1s wise to mvestigate the condition of the teeth wiile the patent 15
under actve penscillin therapy X-rays should be taken and 1f any mfected
teeth are found or even if 1t 1s suspected that a tooth may need to be
removed at a later time 1t 15 best to do all the operatve work then Because
of the sk of remnfecuon following tooth extractions there 1s no better
tme to do the necessary operative work on the teeth than while the patient
15 on full doses of penrcillin

Prevention

Now that we have effective chemotherapy and know fairly well which
patients are most likely to develop bactenal endocardutrs, preventive meas—
ures should be taken whenever possible It has been found that m about
20 per cent of cases subacute bactenal endocardiss was observed to
follow within one to several weeks after a tooth extraction 'There 15 ample
bactenal evidence to show that in 2 considerable proportion of normal
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mdividuals the simple extraction of a tooth 15 immediately followed by a
bacteremua, generally due to alpha nonhemolytic streptococcns  Stmular,
but less frequent, bactererma has been found after other dental ma-
rupulation such as filhng a cavity or prophylactic cleaning of the tecth
Unfortunately the same bacteremua has occastonally followed massage of
the gums or the ordmary act of chewing Therefore 1t 15 1mperative to
adwise all patients who have rheumanc valvular disease or congenital
heart disease to recerve prophylactic pemallin treatment

It 1s not certain as yet what routme to adopt for thrs purpose Because
of the many thousands of dental extractions and the fact that the con-
dition one 1s trymg to prevent occurs only rarely when no precautions
are taken, the entire program of prevention will break down 1f the pro-
cedure 15 too comphcated and expensive At first I used to advise 300,000
units of peniciilin 1n beeswax intramuscularly about one hour before any
dental manspulaon  However, I have already seen a patent who followed
thus direction and even had a second 1mjection several hours after tooth
estracton and yet developed subacute bactenial endocarditis, which for~
tunately was cured by ordinary penicillin therapy At present I adwise
an intramuscular mjection of 300,000 units of procame pemeilhn G and
100,000 unsts of sodum penteillin twenty-four hours before, one hour
before and twenty-four hours after any tooth extraction or dental ma-
nipulatton This prophylaxss 1s not imited to the extraction of teeth, as I
have recently had a case that developed subacute bactertal endocarditts
after a simple filling of a tooth The above program may need revision
Oral tablets, 200,000 umuts four times daily before and a few days after
dental work may be preferable Stmilar prevenuve measures are indicated
when vulnerable individuals undergo operations that entall the possibiliry
of spreading infect.ons, such as lancing a boil, tonsillectomy, appendec-
tomy or termunauon of pregnancy The prompt treatment of sore throats
and “colds with pemcillin will also help to prevent vulnerable individ-
uals from developing bactesal endocarditis

It 1s premature to tell what the ultimate outcome will be mn treated
cases of bacterial endocardiis The immediate mortality should be not
more than 25 per cent This figure can be improved if cases are recog-
mzed early and treated adequately The mamn causes of death after recov-
ery from the bacternal mfection are cerebral embolism, congestive failure
or renal mmsufficiency The great majonty of recurrences of mfection (80
per cent) appear within the first four weeks after treatment has been
stopped Generally, bactenal evidence of this appears before chmcal maru-
festation It therefore 1s wise to perform weekly blood cultures for a while
after cessation of specific treatment If positive cultures are obtained
further treatment 1s indicated

When the pauent has done well and convalescence has progressed
favorably he should gradually resume whatever duties hus cardtac status
will permut Many appear to be quite fit and abour as well as they were
before and able to perform essentally normal duties 1 have had a pauent
who has smce gone through two pregnancies without mushap Others,
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although 1 satisfactory health, hase not been quite so well as before the
infecuon It 15 reasonable to suspect that the valvular dci'orrmty may be
greater after than before the inf Tortt all the

that predisposed the pauent to the onginal bactenal cndomrdms remain,
so that securrences of the same type of disease 1n the funure are not
unltkely So far I have not seen an mnstance of a second bout after a sans-
factory recovery from a first attack, With more extensne expenence we
may learn that recovery from thus mfccmsn entails 2 change 1 the heart
that may make him less vulnerable to In an ap
preciable munority of cases progressive congcsuvc fardure has developed
dunng the first year after recovery
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Congenital Hearr Disease

GENERAL CONSIDERATIONS

Congenytal defects of the heart are by no means rare 1n mfants, but
because many such abnormalittes are not compatible with 2 normal devel-
opment, the madence 1n the general population with mcreasing years
dimiushes very rapidly Probably not more than 1 or 2 per cent of all
those having orgamic heart disease over the age of 12 years are suffering
from congenital abnormaliies Thus figure will naturally be much greater
for children under 12 years of age Until a few years ago there was very
Iittle known as to the fundamental cause of these defects except that
there 1s some hereditary factor Recently 1t has been shown by the studies
of Austrahan physicrans that an attack of German measles 1n the mother
during the first three months of pregnancy may cause certam forms of
congemtal heart disease, especially septal defects, n the child Congemtal
atnormalines of other organs such as the eyes and feet may also come
about mn this way The question now arses whether other virus infectons
of the mother may also act 1 this unhappy fashron

There 1s a defimute, but not very promunent, heredirary factor 1n con-
gental heart disease In the great majonity of cases the parents of chuldrea
with congemtal heart disease are normal However, there are emough
mstances where the reverse 1s true to mahe one believe 1n a famylial tend-
ency The following reported expenences are sigmficant A father and son
both had night aortic arch A mother and fetus had Rogers disease
Three members of one family had patent ductus artersosus It would be
difficult to regard these expeniences as accidental

During the first days, weeks or months of Ife the diagnos:s of the exact
type of defect 1s extremely dufficult and often impossibie to make The
abnormalities of the heart are much more often muluple than single and
the physical signs are not sufficiently disunctive As months and years go
on and the child survives, the chnical prcture becomes more definite so
that m older children combinations of physical findings occur that lend
themselves to more accurate analysis The result 15 that i those over 12
years of age 1t 1s often possible to make a correct diagnosts of at least the
major defect, 1f there 1s more than one, and not mfrequently of all the
congenutal abnormahiies

186
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Inasmuch as some of the evidence of congemital heart discase may be
apparent at brth or shortly afterward, physicians should always note the
presence or absence of heart murmurs or cyanosis when a child 15 born
Such exammations should be repeated a few weeks and a few months
after birth as the signs may not be detectable immediately after burth Iris
more difficult but also important to elicit evidence of cardiac enlargement
during the first few months of life If proper notations are made at this
wme much confusion that often anses 1n later life as to whether a certam
murmur developed after an nfecuon or was there from burth, will dis-
appear

pIt 1s not the purpose of this discussion to take up the numerous ranties

of congemtal cardrac abnormaliies Attention will be focused on several

conditions that are met with 1n older children and 1n adults which are
enough and ly discrete to ment emphasis

Tt 15 well known that cyanosis 15 often a strkung feature 1 congenttal
heart disease This cyanosss has a different mechanusm than that which 15
scen 1n acqurred heart disease In the former the cyanosts 1s due to venous
blood reachmg the artersal blood m the chambers of the left heart or
aorta without gomng through the Iungs It indicates 2 right to left (venous-
arterial) shunt through one of the septa of the heart or a malformation of
the large vessels (aorta, pulmonary artery or vena cava) If there 1s a defect
m the auncular or ventcular septum, some of the venous blood may
pour mnto the left auricle or ventricle from the nght chambers and become
admixed with the artenal blood This then 1s expelled through the aorta
to the general circulation and if there 1s a sufficrent amount of unaerated
venous blood, cyanosis will be present Whether cyanosis does develop in
ca es of a septal defect will depend on the size of the aperture and the
pressure relations in the two sides of the heart Inasmuch as the systohc
pressure 1n the left ventnicle 1s greater than mn the nght, the flow of blood
through a ventricular septal defect will be from left to right and there
need be no cyanosis If however, the septal defect 15 great there 15 an

ble flow and ad: of blood from nght to left during the
duastolic filing of the ventricle when the intraventricular pressure 1s il
or very slight Furthermore, if for any reason the pressure mn the nght
side becomes greater, as during violent coughing, or the pressure 1 the
left side falls, as 1n Jeft ventricular faulure the balance may favor a flow
of blood from the nght to the left and one may see cyanosts develop
Finally, venous blood may be expelled into the peripheral arculation
because the aorta comes off completely or partly from the nght ventricle
Therefore 1t must be clear that cyanosts i congemutal heart disease does
not anse because of congestion 1n the lungs with a slow pulmonary cir
culation and the £ 10n of the blood as occurs
t0 some extent 1n ordinary congestive heart falure, or because of penipheral
venous stasts, but 1s due to the failure of some of the venous blood ever
to reach the lungs When heart falure develops 1n patients with con-
genital cardiac disease both mechanisms may be at work

There 15 another mechanism nvolved 1n the production of cyanosts 1y




188 CLINICAL HEART DisSEASE

congenital heart disease recently invesugated by Cournand, Dexter and
others They have found that 1n many cases assoctated with increased
pressure 1n the pulmonary artery (atrial septal defect, patent ductus and
Ersenmenger’s syndrome) progressive disease of the finer branches of the
pulmonary artery may deselop This may be the cause of part of the
cyanosts present 1n these cases, Just as occurs 1n chronic cor pulmonale
If pattents with cyanosis breathe 100 per cent oxygen and there 15 no
change 1n the arterial oxygen content, the cyanosss may be regarded as
enurely due to congenital nght to left shunt If the arterial oxygen
mncreases, the mference 15 that improved diffusion took place 1n the lungs,
and a certam part of the cyanosis was due to pulmonary pathology If the
arterial oxygenation rises to normal, the cyanosis could not be due to
right to left shunt at all, as that defect would have been unchanged and
must have resulted from the pulmonary alteration Thus, of course, does
not apply to cases like methemoglobinemia
It 15 of some nterest to note at thus pomnt that cyanosis has been con
fused with argyna I have seen a considerable number of mstances mn
which pauents were treated for heart disease because of prolonged “cy-
anosss,” 1n whom the discolorauon of the skin was the result of long
continued use of siver-contaung nose drops One was a boy 9 years
old who had been regarded as a congemtal cardiac since mnfancy The
mother had instidled nose drops once or twice a day smnce the age of 3
months because of a2 ‘rhimnis and smusius  The skin had the typical
slatelke discoloration of argyria The differenual diagnosis was quite
simple Apart from the fact thar the heart was not enlarged and showed
no murmurs, the tongue, the mucous membranes of the mouth and the
comjunctivae were all normal 1n appearance In a congenital cardiac with
such a degree of discoloration of the skin these tssues would also have
shown marked cyanosts Another case was that of an adult who had also
used nose drops for many years and because of the supposed cyanosts was
given digitalis and treated for some bizarre form of heart disease
Confuston may rarely anse between meth glob and ¢

heart disease 1 once saw a young man 1n the early twenties who had been
markedly cyanosed smce birth Although he had fair health he gradually
developed weakness and dyspnea on effort, especially on chmbing stairs
Physical examnation mcluding that of the heart revealed no abnormal-
ities Cyanosis was very striking and of the kind typically seen i classical
tetralogy of Fallot The absence of clubbing of cardiac murmurs or
abnormahues d rated m elect dtog made the case very
puzzling The resident physician at the Peter Bent Bgham Hospital, Dr
C B Favour, suspecung the proper diagnosis, bubbled oxygen through
some venous blood withdrawn from the arm It was found that instead of
turnng red the blood retamned the blue color This pointed to the diag-
nosts of methemoglobinerma which was confirmed by chernical and spec-
troscopic tests Withu one hour after the intravenous wyection of 1 0 mg
of methylene blue per kilogram of body weight the col(:r of the skin was
normal The pauent’s symp all quickly disapp This extraordi-
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nary cure was sut Iy d by
capsule of mcthylene blue by mouth daily

A more common type of cyanoss in infancy that may be mistaken for
congemtal heart disease 1s methemoglobmemua that results from dunking
polluted water In some rural areas blue babies ’ have been seen when
breast feeding was stopped and the child was put on a formula made up
with water trom a polluted well The cyanosss which developed from the
utrates contamed 1n the water would quickly disappear 1n a few days if
pure water were used Some such cases have even been treated by x-ray
for assumed thymus enlargement

The second striking feature 1s clubbing of the fingers and toes This
accompames the prolonged cyanosts and does not come merely because
there 1s a congemtal defect One naturally ascribes the clubbing to the
anoxemua 1 the artenial blood attendant to the cyanosis The exact rela-
uonship, however, 15 not clear for clubbing of the fingers 1s found m a
vanety of conditions, 1 many of which there 1s no cyanosis or anotemsa
It occurs 1n subacute bactenal endocarditis when there 1s no hearr faslure
whatever It 1s common 1n abscess of the lung when cyanosis and anoxemia
are absent It does occur in other condimons with prolonged cyanosis such
as chronic emphysema If there 15 a single cause for the clubbing 1t has
not as yet been discovered

Furthermore, congemtal heart disease 1s often but by no means nvari-
ably, productive of Jond murmurs When such murmurs are heard i
nfants or chuldren, a congenital defect must be suspected unless there 1s
some other obvious cause such as anerma or an active rheumatic infec
ton Pulmonary tuberculosss 1s a not nfrequent development 1n those
suffering from congenstal heart disease It 15 of some interest that ac-
qured rheumauc heart disease 1s farly common among congemutal car-
diac panents who reach adult hfe Of greater importance 1s the fact that
bacterial endocarditis 15 a frequent complication and cause of death n
many persons with congemital abnormalities The bacterta have a pre
ddecuon for any abnormality of the nternal himing of the heart or great
vessels Stunted or retarded bodily g'rowlh may also resuk from ccn-
geniral heart disease when 1t 15 d by an apy
outflow of blood through the zorta Finally, 1t 15 commonly associated
with other congenttal abnormalities and with mental retardation or rdiocy

tng about a2 0 2 gm

IDIOPATHIC HYPERTROFHY OF THE HEART

Occasionally 1diopathic hypertrophy of the heart may be congemtal
Such patents merely show cardiac enlargement without any valvular or
septal defects They rarely ive longer than a few years and present the
picture of cardiac embar with dyspnea The cause of
the enlargement 15 not known but one might suspect that a careful study
of the coronary circulation would reveal some defect either 1n the larger
or the very fine branches m some of these cases In a few cases con
sidered as congenital cardiac hypertrophy there 1s reason to beheve that
the condition was due to faulty metabolism, since extensive glycogen de-
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posyts were found m the heart muscle Others probably were the result
of profonged anemua or av and possibly 1o paroxysmal ramd
heart action, all of which can cause cardiac difatation There 15 reason ta
suspect that if all posstble known factors assocated with cardiac hyper-
trophy could be studied there would reman very few if any of the so-
calted 1diopathuc hypertsophy of the heart

.~ COARCTATION OF THL. AORTA

4 much more common congenutal anomaly 15 coarctation of the aorta
Although there are different degrees and Jocanons for this narrowng the
most comumon site 15 at the arch of the aorta just beyond the left sub-
clavian artery at the pont where the ductus artenosus develops This
ductus often remams patent 1 cases of coarctation, and frequently the
foramen ovale 15 also open The constrction of the aorta leads to a
definite sequence of findings, more or less extensive, depending on the
degree of narrowang The ascending zorta prowsmal to the coarctation
becomes dilated and although there may be a shight diation of the sorta
for a short way below the constniction, beyond this the thoracic and
abdomunal zorta 15 much smaller than normal Extensive and enormous
anastomonic artenes develop which bridge the blood stream from the fisst
portion of the aorta proxumal to the constriction to the Jower part of the
body The internal mammary, the intercostal and other artenes ncrease
tremendously 1 stze Two other concomutant abnormalities are common
1n cases of coarctanon of the aorta, 1 ¢, bicuspid aortic valves and apen-
rysms of the cerebral vessels ‘The former may become the site of bac-
tenal endocarditis and the latter may result in cerebral hemorrhage

As a result of these abnormaliies definite objecnve findings become
mamfest that enable one to make a sansfactory chmeal diagnosis Not so
long ago all cases of coarctation of the aorta were first detected on post-
mortem examination, then later on, except on very rare occasions, the
roentgenologist would first make the diagnosis, now it can readily be
made by the chmoan  Adults with this condion develop hypertensioa m
the arms, although the blood presspre 1n the legs 1s lower than normal
Normally the pressure in the legs should be hugher than in the arms
Inasmuch as deternunanions are not made routnely of the blood pressure
mn the legs, this discrepancy can easily be overlooked It should become
the habit of all physicians to feel for pulsations over the abdomnal aorta
and femoral artenes, if these pulsations are aheent or markedly dimin-
1shed, especially if the pauent has hypertension and if there 15 a basal
systolic murmur, coarctation of the aorta should be suspected and meas-
urements of the blood pressure in the legs should be made If the pressure
1n the legs 15 less than n the arms, a presumpnve diagnosis can be made~
A second feature 15 the finding of pulsaung superficial artenes over the ~
back, around the scapulas Wormbke pulsating subcutaneous arteries may
be found there Exammnanon of the heart may show some enlargement
and murmurs at the base of the heart of the type seen mn hypertension,
aortic valvular disease or patent ductus arteriosus, 1¢, there may be



CoNGENITAL HEART DISEASE 191

systolic with or without dtastolic murmur The systolic murmur which 1s
always heard at the base of the heart may be as loud or louder 1n the inter-
scapular region Finally the x-ray of the chest generally can establish a
conclustve diagnosts This will show a promunent ascending aorta and an
absence of the aortic knob of the descending aorta A swallow of barum
may 1dentfy dilanon of the thoracic aorta below the constrction The
x-ray occasionally may show calcified aneurysm of an mtercostal artery
coming off this aneurysmal dilauon of the zorta It will also show a
peculiar notching or scalloping of the lower margmns of the ribs due to
the eroston produced by the enlarged pulsanng mtercostal artenies These
changes are pathognomonuc of coarctation of the aorta and are most com-
monly found 1 the fourth to the seventh ribs They rarely appear before
the age of 4 years but have been seen mn an 1nfant 9 months old

Tt was just mentioned that an aortic diastohe murmur may occasionally
be present This may be due to a concomutant rlieumatic aoruc lesion, to
a pheating bacteral ends ditss of the aortic valve, or to dynamuc or
relative aortic wnsufficiency The following 1s an example of the latter
type A man 20 years old had 2 huge heart with signs of coarctation
There was a grade III systohc and grade III aortic diastolic murmur
There was no past hstory of rt e The blood p
was 225/70 mm 1n the arms and 140/0 1n the legs Postmortem examina-
tions confirmed the diagnosis of coarctation of the aorta The heart
weighed 900 gm but showed no valvular disease and no cause for the
dastolic murmur

When 1t 1s appreciated that about 0 05 per cent of the entire population
have this abnormality 1t becomes important for the physician to be
famihiar wath 1t These patients often survive to adult hie and may even
reach old age, but the average age at death 15 35 years Thewr difficulnes
are those that accompany vascular hypertension 1e, myocardial fadure
and cerebral hemorrhage Besides this they are prone to two other pecubar
complicattons, rupture of the aorta and bactenal endocarditis

There 15 no medical treatment for this condition apart from the gen-
eral advice given to patients with asymptomatic hypertenston and those
subject to cardiovascular accrdents The discovery of surgical methods
designed to correct this defect has been a great advance It 1s now pos
stble to resect the constricted portion of the zorta and make an end to end
anastomoss In cases where the length of constncted aorta 1s too great
for this operation a graft of another human aorta approprately pre
served, may be transplanted Gross has performed such operations with
excellent results and 1t appears that aortic grafts of this sort will function
perfecdy Even the subclavian artery has been hgated to the distal end of
the area of constriction to by pass the obstruction These vanous opera-
tions have resulted in many cures The operation 15 best carried out before {
the age of 20 years and preferably at the age of 10 to 12 years The opera
e mortality 15 now about 5 to 10 per cent The reason for early surgical
treatment 1s that mn the course of time the aorta distal to the constriction
may become thin and dilated It then may not be strong enough for
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surgical mampulation, Or rupture majy occur postoperatively when nor-
mal blood flow and normal pressure returns

DEXTROCARDIA

Congenutal dextrocardsa 1s of two types In the first type the apex of
the heart pomts to the night but 15 formed by the nght ventricle The
heart 15 essentally rotated more to the right so that the left ventricle lies
more anterior than normally but yet to the left of the nght ventncle
This condition 1s due to a 1 arrest 1n develop and therefore
1s generally associated with other cardiac abnormalities such as absence or
defects of the septa or transposition of the arterial trunks Such patents
are apt to suffer sertous handicaps The second type 1s called the ‘murror
prcture  dextrocardia and 15 practically always associated with a complete
transposition of the other viscera (the hver and appendix being on the
left, the spleen on the night, etc) Here the apex of the heart posnts to
the right, 15 felt near the rght nipple but 1s made up of the ‘left ven-
tricle * (the one receiving blood from the lungs) The nght ventricle and
auricle Lie to the left There are no other defects 1n the heart and such
pauents have no symptoms referable to the arculation This conditton 1s
often overlooked unul accidentally found on routine exammation It can-
pot be regarded as an arrest 1n the development It suggests rather an
mversion of the embryo 1n 1ts relatton to 1ts prunstive yolk sac The elec-
trocardiograms in muror picture destrocardia are absolutely pathogno-
monic Lead I will show wverted P and R waves just as would result 1f
the lead wires 1n taling a normal Lead I were accidentally reversed (Chap
21, Figs 126, 127) Panents wath tius condition have a normal life expec-
tancy and need not be restricted 1n their activises

PATENT FORAMEN OVALE AND ATRIAL SEPTAL DEFECT

Patency of the foramen ovale 1s probably the most common of all con-
gemal cardiac anomalies In intrauterme bfe this openung in the mter-
auricular septum permuts the blood to flow from the right to the left side
of the heart wathout going to the lungs, for the latter are compressed and
functionless During the first few months the foramen ovale normally
closes but 1 a considerable number of indviduals a greater or lesser
patency persists When the foramen ovale 1s small 1t produces neither
signs nor symptoms of heart disease When 1t 15 large 1t may result i
enlargement and diatation of the rght aunicle and ventricle and the
pulmonary artery There may or may not be any murmurs and con-
gestve heart failure due to stramn on the night side of the heart may result
Paradoxical embolism may occur mn thus condition as mn apy nstance 1n
which defects m the septa of the heart are present Under such circum-
stances a thrombus from a penpheral vein or from the nght auricle on
becomung dislodged may go through the septal defect and produce an
artenal embolus (to brain, kudney, spleen, etc)

There are other defects of the interauriculac septum which are siomlar
1n many respects to patency of the foramen ovale The Jower part of the

7/
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septum (persistent ostium primum) or the upper portion (persistent 0s-
twm secundum) may be patent The entre aunicular septum may be
absent, productng a  cor tnloculare biventriculare Al these auncular
defects produce simular changes, the degree of which depends to some
extent on the size of the patency The nght auncle and ventricle may
become enormously dilated and hypertrophied and the pul y artery
considerably enlarged while the aorta 1s actually smaller than normal

Shight cyanosts 15 common and clubbing 1s rare These cases of atral
septal defect may show no murmurs, or there may be a shght to moderately
loud basal systolic and 1y a pul y drastohe murmur Both
the first and second heart sound in the pulmonary area are often accen-
tuated This may occur m other conditions m which the pulmonary
artery 1s dilated and there 1s mcreased pulmonary pressure or flow In
fact, pulsation may be felt mn this area under such circumstances Right
aus d 1 the el diog; 15 I have seen two
mstances 1n which the pulmonary artery was so dilated that 1t compressed
the left recurrent laryngeal nerve causing paralysis of the left vocal cord

The ¥ ray will show shght, moderate or marked spherical enlargement of
the heart, di: of the pul y artery and d hilar p
and pulmonary vascular markings Some patients with interauncular sep-
tal defect also have mutral stenosis (Lutembacher syndrome), and they
then may also have auncular fibrllation Whenever a patient 1s known to
have mitral stenosis and fals to show a dilated left aurcle, one should
constder the possibihity of L t d It 1s thought that the
early development of acquired rheumatic mitral stenosis with the resultant
ncrease 1n left auricular pressure tend to enlarge the foramen ovale which
was already present in these cases The septal defect acts as a release
valve and often enables such panents to carry on fairly well In general,
pauents with atnial septal defect almost never develop bacterial endocar-
ditis and may live fairly long and useful hves Although a few attempts
have been made to operate on auncular septal defects, 1t 15 too early 1o
judge their value

. /PATENT VENTRICULAR SEPTUM

Interventricular septal defects are quite common 20d rank next i fre-
quency to auricular defects They are generally associated with other ab-
normalities such as nght-sided position of the aorta or pulmonary sten-
os1s, but may occasionally occur as the only leston (Roger s disease) The
patency 1s usually small measuning 1 t0 2 cm 1n diameter and 1s most
often located 1n the upper or membranous part of the septum just below
the aortic valve This condinon generally produces no symptoms of
cardiac embarrassment but despite this only a few live beyond the age
of 30 or 40 Probably this 15 because subacure bacteral endocarditis occurs
1 about 40 per cent of the cases Now wath the ard of chemotherapy,
cases may be expected to ive much longer When bactenial endocarditis
does occur the vegetatons are apt to be located mn a circular fashion
around the right ventricular aspect of the defect or on the nght ven-
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spicuous or tn an abnormal postuon The most distinguishing sign 15 the
finding of left axis deviation or left ventricular enlargement mnt the elec-
trocardiograms In very early infancy the tracings may show no prepon-
derant hypertrophy of either ventricle, when normally s the first months
of life electrocardiograms always show right ventncular preponderance
Ths 1s the only type of congental heart disease with marked cyanosts
that shows electrocardiographic evidence of preponderant hypertrophy of
the left ventricle, the electrocardiogram therefore serves as a valuable aid
1 differenual diagnoss

The Blalock-Taussig operation 15 indicated 1n properly selected cases of
this type

EISENMENGER COMPLEX

The Ersenmenger complex 1s a rare conditson that resembles the tetra-
logy of Fallot It conststs of a ventricular septal defect, dextraposition of
the aorta, but no stenosis of the pulmonary valve although there may be
pulntonary msufficency Csanosss 1s apt to come late and 15 slhight or
moderate and clubbing may be shght or absent A moderately loud sys-
tolic murmur will be present over the midprecordium, and possibly a
pulmonary diastolic murmur The electrocardiogram will show right axis
deviation Cardiac arrhythmias are common and the x-ray shows an en
larged heart and pulmonary artery and increase in the size of the smaller
pulmonary vessels Effective surgical treatment 1s as yet unavailable for
this condition

PULMONARY STENOSIS

Pulmonary stenosis as an 1solated lesion 15 not so rare as was formerly
thought The physical findings are a loud systolic murmur at the base of
the heart, best heard in the pulmonary area, and a systohe thnll There
1s also marked electrocardiographic evidence of nght veptricular enlarge
ment In mfancy and childhood the pulmonary artery 1s not likely to be
P on x-ray but during the second and later decades
it almost always b c derably enlarged Pul y vascular
markings are normal or decreased It 15 compatible with a fair state of
health Attempts are bemng made to enlarge the stenouc valve by mncising
1t through the nght ventricle Some success with this operation has been
obtamned by Brock of London and Amerscan surgeons

PATENT DUCTUS ARTERIOSUS (BOTALLL)

Durnng fetal hfe blood leaving the nght ventncle 1s expelled through the
pulmanary artery, then by way of the ductus artertosus 1nto the aorta and
1n thus way to the placenta where st becomes oxygenated The blood obvi-
ously does not go to the lungs, whuch are compressed and atelectauc
Dunng the first week of Iife the ductus arteriosus, having lost 1ts function,
normally disappears when venous blood begins to flow to the lungs
When this operung between the pulmonary artery and the aorta fals to
close the condition called patent ductus Botall results Although this s

ly acc d by other ! abnormalities 1t often 1s

<
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present as the sole or the major defect Thus does not produce cyanosis or
clubbing because the flow of blood 15 from aorta to pulmonary artery
(astensl 1o venous) and there results no adrusture of unotygenattd blood
1 the systemsc crrculation

There need be no symptonts of credatory distress from patent ductus

and sts p 15 often iy on routine exam-
mation  The systofic blood pressure 15 normal bug the dwstokc 1s low,
just 8% ofCwrs in 8orhc v or any arter fistula The

mam diagnostic findmg 15 8 pecubiar murmur heard best i the second
left smnexcostal space and often just o the nght of the left mudscapular
region The murmur when ty pical 1s contmous throughout systele and
diastole and has been called a machinery murmur because of ws quabity
Tt may rarely last only through systole and 15 often accompamed by a
systolie thnll m the pulmonary area The typical murmur seems to envelop
the pulmonary second sound and 1s loudest during the lattes part of sys~
tole (Fig 191) X-ray examumation may also id m the diagnaosts s show-
g 2 marked prosunence of the pulmonary artecy wiuch becomes dilated
Other roenigenclogc findings 1 the order of frequency are shight cardiac
enlasgement, shight dilstation of the left suncle, engorged pulmonary ves~
sels and exaggerated pulsauens of the left ventucle and pulmonary artery
The electrocardiogram esther shows nermat teactngs or may ndicate
shght left ventricular prepond The 4 15 patible nath
good health and 15 often seen n young adults In some, however, bodily
development 15 stunted because of the dummashed outflow of blood to the
penpheral artenies and there may also be weakness and dyspnea on effort
Pulmonary wberculosts 1s not wnfreg and b 1 endocarditss 1s a
quute common comphcation of this defect
In 1938 the first successful higauon of a patent ducws arterzosus was
reported by Gross and Hubbard Swee then many patents wath thug
anomaly bave simlarly beeq of A upon The op 1 sumple and
effecttve "The Joud musmurs promptly disappear and the low diastohe
pressure due to the shuat of blood from s0tta to pulmonary srtery 1m
medsately returns to normal The pulmonary artery may remain difated
and a basal sysolic murmus may persist for some months after a suc
cessful operation The purposes of the operation are (1) to prevent the
subsequent developiment of bactersal endocardius whach has been a co
pheation 1n about 25 to 40 per cent of the cases of patent ductus attenosm
{2) 10 prevent the retardation of mental and physical development and “35’
w mnprove the efficiency of the eirculation when therg 55 any evid ¢ 2,
cardsac msufficency The lanter tho objectives are vbraed B o,
the consederable Toss of astersal blood that leaks back ynto the Y:I:P o
araunt A successful operation. also will dumnish the work fp thy poid
burdened left ventricle and thereby defay or prevent heant fa?l e e
less 10 say, n the selection of cases the diagaosts must be mn:;eu}gcefg;
:;:‘ 5}:3::{:21, subjects having other congenttal abnormaliyes should not be

In exp d hands the op

TROrAlY at present 55 about 1 to
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2 per cent and very Itkely will be further reduced before long Inasmuch
as the average age at death of a large group of pauents with patent ductus
arteriosts has been found to be only 35 years, successful operations
should lengthen Irfe expectancy considerably The optimum tume for sur-
gery 15 1n childhood, from the age of 4 1o 8 years With the present low
operatve mortality I would advise section or higanion 1n all young cases,
parttcularly 1f there 1s stunted growth, heart fature or marked pulmonary
engorgement Even if there are no significant symptoms, I now advise
operation m young adults s the twenties It 15 debatable whether ndi-
viduals aver 30 years of age who are doing well should be subjected to
surgery The presence of cyanosis should be regarded as a countraindica
tion to operation

The presence of bactenal endocarditis with patent ductus offers a
special problem Both the congemtal abnormahity and the bactersal nfec-
tion have been cured by surgery without the use of antibacteral medica-~
tion It 1s amazing that 1n some cases blood cultures, which had been
repeatedly positive up to the time of operation, became negative withun
munutes after dision of the duct In others, cultures continued positive
some days or even weeks after operation and yet finally cures were ob-
tammed It appears that once the locus for the infecuon was obliterated on
which further vegetauons could grow, the bodily defense mechamiem
could gradually overcome the remaining decreasing bactererua Sl other
cases have been cured of the endocarditis or endarteritis by chemother~
apeutic measures, particularly perucillin, but would be left with the patent
ductus

At present the most sausfactory plan to follow 15 to treat the mnfection
with pemcillin or sumular anubiotics as 1s done 1n ordinary bactensal endo-~
carditss and 1o follow thus 1n three to six months with surgery The diag-
nosts should be made as quickly as possible before the valves of the heart
become mvolved by the bacteremia A spread of the vegerations from the
duct 1tself or 1ts mouth to the valves 15 by no means rare and increases
the difficulty of obtaiung a cure The occurrence of arterral embol wiil
mndicate such extension to the valves or aorta, but nether such mani-
festattons nor hematuna or splenic enlargement need dum the expecta-
nons of obtaiung an ulumate cure by surgery If the patent responds
satisfactorily to medication, operation may then be performed In many
cases satisfactory results have been obtamed, but occastonally the tssue
1s still so friable that disasters have occurred It now seems wiser to watt
several months, when the operation will be safer However, 1if the mfec-
tion 1s not respondmg well to chemotherapy or if there are other reasons
to regard delay as precarious, operation should be performed promptly
In summary, present day surgery and medicine have entirely changed the
outlook of paunents with patent ductus with or without bactersal endo-
cardits CONGENITAL VASCULAR RINGS

There 1s one congental abnormahiry that 15 of some 1mportance because
of the peculiar associsted climical findings, 1€, nght aoruc arch Very
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rarely the arch of the aorta 15 directed to the night and 1s formed by the
prummve fourth nght aornc arch The aorta then passes over the right
bronchus to the night and behind the esophagus and trachea The pressure
on the esophagus or trachea may cause difficulty in swallowing ( dys-
phaga lusoria ) or resprratory symptoms like cough and wheezing dysp-
nea Esophagoscopy may then reveal a constriction and the x ray exam-
inaton following a barium meal will show that the arch of the aorta turns
to the nght and lies behind the esophagus, compressing 1t forward, to
the might or to the left In additon there may be remnants of the con-
gemtal cords which formed the left aortic arches, thereby fornung a nng
around the esophagus and trachea

‘There are many different types of congenital abnormahties of the arch
of the aorta and the mamn artenies that leave therefrom They mamly
1nvolve aberrant formation or direction of the subclavian artery In many
cases the nght subclavian artery starts from the left side of the arch of
the aorta The important pomt to bear 1n mund 1s that 1f infants or chd
dren have recurrent respiratory infectons or have difficulty mn breathung
or swallowing, the possibility of congerutal vascular rings must be con~
sidered Faurly accurate diagnoses can mow be made by a well trained
roentgenologist even without the use of angiocardiography About 80 per
cent of such cases have symptoms, and the others are symptomless Most
of these cases are now amenable to surgical cure

BICUSPID VALVES

Congemtal brcuspid aortic or pulmonary valves are chincally of impor-
tance only 1n so far as they are the frequent site upon which acute or
subacute endocardins develops Such lesions may account for some of the
nstances 1 which bacterial endocarditis develops 1n patients who previ-
ously showed no murmurs mn the heart When bactenal endocarditrs de-
velops 1 patients who have not suffered previously from a rheumanc
1nfection careful search of bicuspid sermilunar valves should be made

Although there are numerous other congenrtal cardiac abnormalities
either occurning singly or 1 varted combinations they are not sufficiently
1mportant to deserve discussion in this review

CATHETLRIZATION STUDILS, ANGIOCARDIOGRAPHY AND
SUMMARY

The ntroductson of the technic of cathetenizanon of the heart and the
X ray 1 of the cardiac chambers and great vessels by the use
of an opaque medium (ang; diography) have pletely changed the
status of diagnosss of congemtal heart disease Many conditions that
formerly were mysufymng now can be accurately diagnosed By means of
angiocardiography certain anatomic abnormalities can be visualized
Catheterization studies 1n many ways are even more wmformative By
measuning the pressure 1n the vemns, nght aurncle, nght ventricle, pul-
monary artery and  pulmonary capillanes, mmportant physiologic data
are ob d that freqt ly are d of one cond; or another or
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that indicate the seventy of a given condition The determnation of the
oxygen content of samples of blood removed at various powts durmg the
procedure often affords decisive evidence that there 1s a left to nght shunt
of blood and may help to establish or to rule out varous dragnoses The
catheter may shp from the nght to the left side of the heart, thereby
giving proof of an aunculer septal defect It 1s evident that this new
informatton has become invaluable 1n the study and care of cardrac prob-
lems, especially in those suffering from congenital heart disease

Catheterization of the heart, however, 1s a complicated procedure re-
quiring the cooperation of several tramed workers and 1s quite tume-
consurmng It mught appear hazardous, but with care the nsk 1s prac-
ucally negligsble In Dr Lews Dexter s chnic, at the Peter Bent Brigham
Hosputal, about 1000 exarnations have been carried out wathout any
serious complicanon It 15 hoped that before long careful correlation of
thus mformation with more simple clmeal or bedside data will enable the
physician to do without thus more elaborate method of study For the
present, whenever the diagnos:s 1s uncertam and pamcularI) 1f the ques-
tion of surgery 1s bewng considered, these elab gnostic procedures
will need to be carned out

There are some useful general considerations that are applicable mn ap-
prassing congemtal heart disease If cyanosis i1s present and the smaller
pulmonary vessels appear prominent or engorged on X ray examunation,
a Blalock Taussig operation 1s not mdicated However, 1f the pulmonary
vessels are famnt or less promunent than normal a shunting operation,
increasing blood flow through the lungs, 15 ikely to be helpful Whenever
left awss deviation or left ventricular hypertrophy 1s found 1n a cyanosed
case that may resemble tetralogy of Fallot, the diagnosis 1s Itkely to be
rudimentary night ventricle with tricuspid atresta The electrocardiogram
can show nght ventricular hypertrophy or nght bundle branch block m
several types of congenutal he:m disease, 1¢, tetralogy of Fallot, atrial
septal defect, E sS and p 1 y stenosss It shows
no preponderance, or there may be left axis deviation m patent ductus
When right axis devianon 1s present with patent ductus, some additional
anomaly such as a pulmonary stenosis 1s likely to exist Roger s disease
displays no preponderance of erther ventricle

The x ray 1s less valuable than the el d. d 3

n
hypertrophy of either ventricle It does clearly visnalize cnlargcmcnt of
the pulmonary artery However, such enlargement occurs 1n 2 great vanety
of conditions such as mutral stenosis, patent ductus, pulmonary stenosss,
atria] septal defect, Exsenmenger’s syndrome and chromuc cor pulmonale
In all of these condjtions except pulmonary stenosts the smaller pul-
monary markings are frequently exaggerated 1n contrast to the appearance
seen 10 tetralogy of Fallot, where the lungs are more bloodless and the
man pulmonary artery 1s smaller than normal, and in pulmonary stenos:s
swhere the small vessels may be normal while the mam branch 1s dilated
The pressure in the nght ventricle 15 clevated i many forms of con-
genital and acquired heart disease In mitral stenosis and 1n Jeft ventrcular
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farlure from any cause, not only 15 the pressure increased 1o the nght
ventnele and mamn pulmonary artery but also n the ‘pulmonary capil-
laries’ This d helps 1n d Furthermore, 1n
cases of chronic cor pul le from chromc emphy or other forms
of lung disease the pressure 1s elevated in the nght ventricle and pul-
monary artery but 15 essentially normal i the pulmonary capillartes
Stmular normal readings of pulmonary capillary pressure are obtamed
m most cases of congemtal heart disease unless left ventricular farture 15
present It 15 clear that the determunation of pressure readings coupled
with the oxygen content of the blood throws considerable light on the
anatomic structure of the heart and on the physiologico pathologic state
of the dynamucs of the heart at that tme

Progress 1n diagnosis and treatment of congemtal heart disease has been
so rapud recently that literally every year brings new advances The latest
development 1s thoracoscopy as an aid 10 diagnoses of congenutal heart
disease introduced by Fatt1 and Gilroy of South Africa Afier the produc-
tion of 2 left pneumothorax the 1nstrument 1s mserted mto the chest 2nd
direct visualization of the heart and great vessels 1s obtamed One cannot
but feel opumustsc of the progress that 1s 1n store n the immediate future

TREATMENT FOR CONGENITAL HEART DISLCASE

There 15 no known effective medical treatment for congemtal heart
disease Digitalis 1s generally useless but quumdine may be helpful for
cardiac irregulanties present 1nt some cases Inasmuch as pulmonary tuber-
culoss and bactertal endocardutis are )t efforts should
be directed at mamtaimng as ugh a general bodily resistance to infection
as possible Phlebotomy may be helpful when there 1s marked cyanosts
and plethora and especially 1f there are cerebral symptoms Oxygen inhala-
nons and morphine may be helpful for attacks of paroxysmal dyspnea
Panents should be encouraged to carry on some meoderate occupation
whenever possible, since many are able to live a fairly long and useful ife

Surgical methods are being constantly dewvised that have dramatically
changed the outlook of many of these cases This has been particularly
true of patent ductus, coarctation of the aorta vascular anomaltes of the
gortic arch, pulmonary stenasis and tetralogy of Fallot No doubr other
congenital abnormahties will become amenable to surgical treatment 1n
the near future
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Functional Heart Disease

For practical purposes 1t seems convensent and helpful to classtfy all pa
uents having abnormal signs or symptoms of heart disease 1n whom there
1s no structural disease of the heart as suffering from functional heart
disease This will naturally include a great variety of condittons In gen-
eral there will be two groups of such patients, those hasmg some abnor-
mal physical indings 1n the heart and others with symptoms but without
abnormal findmgs There will be many, of course, who will mamifest both
symptoms and signs There are numerous terms 1n use to designate these
condtions and although they may connote shghtly different states, they
all may properly be used to specify functional heart dsease n the sense
described above Among the current terms are ‘ neurocirculatory asthema,

effort syndrome, ‘disorderly acton of the heart,  soldier’s heart,”
‘cardiac neurosts and nervous heart It will be seen 1n the succeeding
paragraphs that other designations may well be used 1n this same group
of pauents such as “berugn cardac irregularity and  bemgn systolic
murmur *

Let us first consider the group of patients who have either no symp
toms whatever or insigmificant ones, who show abnormal signs During
the course of an msurance examunation or any other rounge exarmmnation
the physician may detect a faint systolic murmur m the absence of any
other evidence of heart disease Thus signufies the absence of hypertenston,
cardiac hypertrophy, diastobc murmurs, or any other cardiac symptoms
If there 1s no history of any previous rheumatic infection, under these
circumstances, a shght systolic murmur can be drsregarded and called
functional or bemgn Such a patient, for purposes of classification, may
be sad to have functional heart disease (benign systolic murmur) This
applies only to a faint systolic murmur

It will be found useful to esumate the intensity of systolic murmurs
Just as we do the amount of albumin 1 the unne It 1s also necessary to
confine the term  systolic murmur to a brwt that has an appreciable
duration and lasts for a defintte mterval after the first heart sound Many
nustaken diagnoses are made 1n designaung as murmurs a prolonged first
heart sound, frequently detected 1o hyperactive hearts and thun-chested
individuals, when the 1aterval between the first and second heart sounds
1s entirely clear A more detatled discussion of the systoli. murmur wall
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be found 1n Chapter 17 Suffice it at thus potnt to bear in mind that ane
should hesitate m considerng Joud murmurs as nsigmficant, bensgn or
funcuonal

Apart from the heart 1tself, the more important factors that seem to be
responuble for systolic murmurs are anemsa, hyperthyrowdism, hyper-
tension, fever, tachycardia and the emotional state of the panent In
general 1t has been found that fant systolic murmurs, although present 1n
only 2 small percentage of people, should be regarded as having no sig-
nuficance Those of moderate intensity may mdicate some organic disease
in the heart or elsewhere but also fly occur as a fi 1 mam
festation, and murmurs of louder intensity pracucally always sigmfy some
obvious orgamc disease

In an extensive study of systolic murmurs 1t did not seem to matter
whether famnt systobc murmurs were heard ar the apex or base of the
heart or whether the patient was examined in the upright or recumbent
postuon, although the frequency of berugn systolic murmurs vatsed some-
what under these different circumstances It 15 of no ymportance what~
ever that a systohe murmur, previously not present, 15 brought out by
effort, for 1t was found that in | {ly all normal mdividuals systohe
murmurs appeared directly after a brief brisk effort The important point
1n this regard 1s that systolic murmurs of greater than the fantest intensity
deserve ivestnganon This sunple finding may be an important clue to
thed of otherwise pected hyperthyroidism or b 1 endo~
cardins  Although m some cases no adequate explanauon will be found
for the presence of a systolic murmur and such an abnormality 15 con
sistent with a long and actve hfe, there 15 a tendency at present to pay
100 little attention to systolic murmurs and consider them all as bemgn
Apart from the conditons just mentioned, this type of benugn  systolic
murmur often proves to be a mamfestavon of rheumauc heart disease,
frequently 15 found to be eventually associated wath stenosis of the aortic
or mutral valve, lly 15 an evid of myocardial disease and
rately of congemital heart disease Notwitk ding these d
there remain some ndivduvals with famnt systolic murmars who must at
present be regarded as having no orgamc diseasé and 1 whom the dsag-~
nosis of functional heart disease (benign systolic murmur) must be made

Further physical findings frequently regarded as berugn or functional
are certain arrhythmias Almost all the arrhythmuas that are met with m
general practice can at imes occur 1n patients who have no orgamc heart
disease The presence of sinus arrhythmua and evirasystoles of any type
15 frequently the cause of appreh and of d t when
the condition 1s enurely funcuonal The same 15 true of paroxysmal aunc
ular tachycardia As our expenence has broadened we have come 10
realize that even auncular fibrillabon and futter, paroxysmal or perma
nent, may occasionally be unassociated with any other disease On rare
occastons ventricular tachycardia has been observed 1 otherwise normal
mdwviduals Al these srregulanties of the heart of course do oceur with
organsc disease as well and 1t becomes very important to use every reason
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able means to exclude orgamc conditions before making the dragnosis of
functional heart disease (benign wrregulanty) It 1s particulatly important
not to overlook hyperthyrordism when auricular fibrillation 1s present as
thrs may be the sole marufestation of a toxic gorter and 1t will be neces-
sary to make 1ntelligent mnterpretation of the basal metabolism

If any of the above uregulariues are present without symptoms of
angna or congestive heart failure and 1f other features like hypertrophy of
the heart, hypertension, a diastolic murmur, signuficant changes in the
electrocardiogram, a past hustory of rheumatic mfection, abnormal con-
figuratton of the x-ray shadow of the heart and aorta or a positive Was-
sermann reaction are absent, the conditton must be regarded as functional
It does not follow that all these investigations are necessary to arrive at
this conclusion, but these are the various pounts to be considered i the
study of such cases 1z which the primary complamt 1s apt to be palpitation
of the heart

The sensations that develop from benign extrasystoles are so peculiar
and at tumes so disunctive that one should be farmubar with them, as often
the description of the symptoms gwven by the pauent establishes the
diagnosis even without any further e ion They are fi ly
described as a ‘flop of the heart, “the heart turns a somersault, > “st
skips or hesitates,” there 15 a sudden thump or jump or choking sensa
tion m the throat, the heart suddenly sinks or a wave passes over me
Although the actual terms used are varied they are all charactenistically
descriptive of what 1s going on Some compare the sensation to ‘the
sudden flapping of a bird s wings® or to a “fish suddenly turmng 1n the
water The sensations produced by the extrasystoles appear to come from
the premature beat 1tself, though they have often been thought to result
from the forceful beat that follows the pause These disturbances are most
apt to occur when the patient 1s at rest, especially while quietly seated or
winle trying to fall asleep This 1s explaned either by the fact that the
mund 15 not occupted with other things or, more hikely, on the bass that
whule the subject 1s at rest the heart rate 1s slower and the opportumty 1s
greater during the longer diastolic pauses for premature beats to anise
At any rate the sensanons are generally absent wiule the patent 1s actrve
walking or busily engaged m his affarrs, although there 15 one rarer type
that 1s brought on particularly by effort

Although 1t has long been known that extrasystoles frequently are of
o sertous sigmificance and that perfectly well individuals may have them
only recently has 1t been possible to ascribe a definite neurogenic ongin
to them Beattie and Brow made ammal expeniments reproducing per-
ssstent yentricular extrasystoles and found that if certain nerve tracts com-
g from the hypothalamic region were cut the irregulanty disappeared
It 15 of some nterest that the hypothal: region 1s d wath the
control of our emonons They also found that if these tracts were cut
beforehand the extrasystoles could not be produced by the same techme
that always brought them out m ammals not subjected to ths treatment
In other words, there 15 a center 1n the bram that can utiate or that 1s
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mumately connected with the formation of premature heart beats This
work has firmly established a structural basis for conditions that
have long been regarded as functonal or nervous
‘Trearment for patients with extrasystoles varies considerably When the
extrasystoles come 1nfrequently all that 1s needed 15 an explanation that
nothing serious 15 gomng on The patient should be encouraged to carry
on normal physical duties It will only rarely be necessary to mhubit the
use of coffee or tobacco When the srregulanity 1s very disturbing qunidine
sulfate ;n doses of 02 to 03 gm two or three times daily, or even less, 15
often effecuve Papavermne (01 gm) admmstered three tmes a day by
mouth has been advised At umes the patent learns that a certan medi-
cation 15 effective but only necessary just before the palpitation 1s expected
10 occur
It has been stated that aunicular fibnllation which generally 15 asso-
ciated with orgamc heart disease can be at tmes a purely funcuonal dis-
tutbance This 1s particularly true of the paroxysmal type of auncular
fibrillation, but I believe 1t also occurs 1n a few cases when the archvthmia
1s permanent In the absence of theumanc heart disease, especially mutral
stenosts, of coronary artery or hypertensive heart disease, one must always
suspect that there 1s an underlying hyperthyrordism when aunicular fibnl-
lation, erther transient or permanent 1s present If the basal metabolic
rate 1s normal the possibility of a toxic thyrord gland as the cause of the
auncular fibnllauon 1s ruled out for the most part Thus 15 not snvanably
true for 1t 15 now believed that even some of these patents with 2 normal
basal metabolic rate already have disease of the thyroid gland and will
subsequently show an elevated rate and that the auricular fibnllation may
disappear after subtotal thyroidectomy It has seemed that some such
patients have been improved without surgery by taking Lugol s solution
It 15 also interesting that most of these apparently normal pauents whom
1 have seen with auncular fibnllation and a normal metabolic rate have
looked alike, have been males and resemble n some ways pavents with
active hyperthyroidism
When hyperthyroidism alone 1 the cause of the a\mcular fibnilaton,
the irregularity may still be reg: d as 1 for st disapp under
appropriate treatment of the thyro:d gland and there remains no evi-
dence of organic heart disease Some work has been done showing that
1n hyperthyroid animals transient auncular fibrillation can be reproduced
by the mmjection of adrenalin It was found that without adrenakn such
ammals would never show auncular fibnllation and that adrenalin mn
normal antmals produced only ventricular srregulanues and not auricular
fibrillaon One mught nfer that m pauents with hyperthyroidism the
secretion from the adrenals has some relation to the production of auric-
ular fibnilation This would explan the occurrence of transient spells of
this arregulanty following emotional shocks and fright At any rate 1t has
become clear that permanent structural disease of the heart 1s not a
necessary prerequsite for auricular fibnllavon
The other general type of patents compnses those who have vanous
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symptoms 1 whom abnormal physical signs like wregulanties may or
may not te present Such patents are often young and they complam
of paipitation, weakness, giddmess, pain 1n the region of the heart and
frequently shortness of breath The palpitation generally 1s associated with
a normal heart rhythm They merely feel the pounding of the heart which
has either a normal rate or 1s shightly accelerated When the rate 1s found
to be rapid while the patient 1s awake 1t wall be normal dunng sleep
The pamn 1s almost always apical rather than sternal and may be of a
dull, constant aching character or momentary and stabbing When there
1s shortness of breath it may be merely of the type that accompames a
state of fatigue as 1f 1t were a greater burden to Lft the chest or 1t 1s due
to a peculiar ‘sighing type of breathung This latter phenomenon 15
suffictently common and characteristic to require special emphasis We
frequently see pauents, often young women, who complamn of shortness
of breath without any other evidence of heart disease On questroning
them 1t will be found that the dyspnea occurs particularly at rest It s
obvious that true cardac dyspnea ar rest mdicates a very grave condition
and yer these mdividuals appear quite well On further questiomng they
will describe the sensatton as air hunger and say “ I just can t get enough
arr Dunng the exammanon the physician 15 apt to caich them n the
act, so to speak, and see them occasionally take a very deep breath Like
a sigh At that very instant 1t 1s well :immediately to ask the panent if
that 1s what 1s troubling her Tius enables one to rdentify this primary
complaint as functional for the patient actually overvenulates the lungs for
some pecular reason and still does not feel thar suffictent air 15 obtamed
Even minor changes 1n the electrocardiogram such as very shight inverston
of the T waves 1n any of the leads and shght depression 1n the S-T seg-
ment have been observed 1n some cases When this condrtion 1s marked
and mantamed 1t may result mn suffictent overventilation to produce
symptoms of tetany The pauents may complamn of tingling and numb-
ness of the extrermttes, show carpopedal spasm and a positive Trousseau
(spasm of the fingers on squeezing the forearm) or Chvostek sign (con
traction of the face on tapping the facial nerve) A proper explanation and
assurance that nothing serous 1s going on often 1s sufficient to cure the
atient
P There are other feamres that are present in these funcuonal cases that
desenve attention Sweatng, tremuls and ner together with
palpntation make one think of the possibility of hyperthyrordism At times
the differential dragnosts 1s not sumple and will require basal metabolism
studies Although a somewhat increased heart rate 1s commonly present,
1f observations are made while the patient 1s asleep 1t will be found to
be slow At times the entire picture r bles incipsent tuberculosss and
constant care should be taken to avord overlocking a tubercular process
by having roentgenograms taken of the lungs when any doubt exists
Scherf has reported 3 group of cases that would ordinanly be classified

as cardiac neurosis or neurocirculatory asthenia, m which he regards the
cause to be some disturbance 1 the endocrine system In these cases
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there may even be mmor changes i the electrocardiograms wath flat or
shghtly depressed S T ntervals Scherf believes lh:sc patents can be

helped or cured by the of =L

Neutrocirculatorv Astherua

The funcrional cardiac disea e that 15 often designated ‘nevrocircula-
tory asthenra 15 sufficiently important to ment more detatled discussion
Thss condition, first descnibed duning our Caval War, was very prevalent
i the First World War It was mteresting to observe the different ar
cumstances under which the symptoms developed Some of the soldiers
fitst began to show ewnd of an bl latory apparatus
when they first appeared before the boards, when they wete
not vet drafied nto the army The very thought of becomng a soldier
and enduring «lf the hatdships that it enmls was sufficent to produce
palprauon, weakness, chest pamn, and
dyspnea Others first showed these symptoms while thev \scxe tranmg n
the camps Sull others did well vnnl they were sent overseas At the
other extreme, there were men who carned on sturdily for two or three
years, going through termble expeniences mn the trenches without showmg
any eudence of neurocusculatory asthenra and then finally the nervous
reserve would become exhausted As a last straw 1t might be a simple
event which had never previously disturbed them, bike a shell explosion,
that precipreated the symproms It 15 not surpnsing that all these differ-
ent gradatons wete found duning the First World War If this condition
was mate frequent among the Baush soldiers than among the Amencan,
and from mv own observations 1 bebeve this was true, it probably was
due to the fact that the British had to undergo the ternfic syramn of war~
fare longer than the Americans and that 1n another year or two we would
have had to equip special hospitals to look after these funcuonal cardiacs
as did the Bntssh

Prabably the most important factor m predisposing to thes dicease 1s the
constiutional factor Many have a past lustory or family lustory of a
subnormal nervous makeup It 15 commeon to chat a story of nervous
breakdows, famung spells, psychosss, neurasthema, epilepsy and the hke
s the past or fanuly history of the pavent With thus background 1t may
then be necessary to have a precipitaing cause to bring to the surface
the symptoms of funcnonal heart disease The rclzmvc inportance of
those o fact g and il vary i different
mdiiduals No doubt 1f one factor 15 sufﬁc:cntly pronunent the other
need be very shight to produce the symptoms Durnng the war, when the
psychic trauma of combat was most intense and prolonged, 1ndrduals
without any ble evidence of a § defect i thexwr nervous
stability finally developed soldier s heart  Others with a marked back-
ground of nervous mstabtlity would break down at the slighrest provoca-
uon Durnng the First World War the prempuisung causes were hnked up
prumanly wath fear and less frequently with infection Gunshot wounds,
shell explosions, beng buned, gasung, * trench fever and rheumanc
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fever made up the common direct causes that precipitated the symptoms
of neurcairculatory asthemia In awvil Iife the same hereditary constitu-
tional factors are present but the direct precipitating causes are anxiety
following the loss of one s fortune, the death of some friend or relative, a
love affair, or any state conducive to fear or emotional and nervous
tension

The symp p 1y d that Ip latorv
asthenia manly concern the cardiovascular and nervous systems Because
for the most part these symptoms are the verv ones that are brought on
by effort 1n normal people, the condinon has also been called “effort
syndrome ° The difference 15 that n these pautents the effort required to
produce the symptoms 1s snordiately shght as compared to that neces-
sary to produce them 1n normal individuals Easy fangability, breathless-
ness, palpitation and precorcial pain are the most common compiaints
Those affhcted cannot stand much physical or mental acvity On exam-
mation very litle of mmportance 15 discovered Some have a pecular
expression of fatigue in their faces They may show cyanosis of the face
and hands which 1s due to local sluggishness of the airculanon The
heart shows nothung abnormal except occasionally a shght systolic mur-
mur Not only 15 the heart not enlarged but there 1s 2 tendency for 1t to
e small as determined by % ray examination In most, the electrocardio-
grams are nhormal but occastonally shght flattening or even inversion of
the T waves in Lead I or I may be found There may be a tremor of the
hands and a mosst slun All that has been sard concermng neurocirculatory
astherua or soldier s heart, which 1s so prevalent 1n soldiers, 15 applicable
to a1l practice, only the clinical festations are less p m
avl hfe

The mportance of this condition 15 that 1t must be recognized and not
confused with organic heart disease So often the physician errs and makes
a ¢ cardiac cuipple  out of one who 15 structurally sound A patent wath
only mmor functional complants may become much worse and even
mvahded unnecessanily as a result of a mustaken diagnosis The phy-
sician, believing that he 1s dealing with some valvular or myocardial dis-
ease, cautions the patient aganst overactivity of may even direct that he
stay 1 bed This convinces the sufferer thar tus heart 1s diseased and
from then on he becomes more and more mtrospective and the symptoms
become aggravated It may subsequently become very difficult or impos-
sible for some other physician to convince fum that hus heart 15 sound
Having made the diagnosis of functional heart disease one should speak
with emph and a: e It 15 not suffi to tell the patient Your
heart 1s normal, but don t overdo’ Or m reply to the question “May I
play tenms? 1if the physiaan says ‘ No, 1 think that 15 too strenuous
any intelligent pauent has a nght to feel that the physician 15 holding
somethmg back from hum or 1s not certain of tus ground One should reply
“You can do anything you please, even af you overdo and fee} tred no
harm will come From this he may become convinced that there 1s
nothing to fear and thereby make the most important step in his recovery
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Apart from this assurance 1t 1s well 1o 1y to diseniangle any disturbing
psychic factors that may be playing 2 role All other general hygiemc
mnfluences conducive to good health should be gone mto such as graded
exercise and particularly the question of nutnuon In those who are
underwerght a gam of weight proves very helpful

A few words may be appropnate concerning the relanon between neu-
rocirculatory asthenia and warfare My own personal expertence 1n World
Wars leads me to the optmon that soldiers with this conditson added very
little to our efforts as actual fighung men Once symptoms were present
1t 15 unlikely that any were able to carry on front hne duty Some men
with milder symptoms who improved under a course of graded exercises
were sent back to the trenches Not many were able to carry on More
often, after a few days of shelhng back they would appear in one hos-
prtal after another and occupy bed space for months The obvious infer-
ence 15 that when the diagnosis ts made such 2 man should not be accepted
for mulitary service at all or enly for limited duty behind the active front
Ths policy would be wise untl the need for men 1s so great that second
rate soldiers have to be drawn It must also be appreciated that 1z maluing
the diagnosis, symptoms are more umportant than signs, for it 1s the
complamnts they have, such as breathl syncope, weak palpita
tion and precordial pam that incapacitate them

A wrong opinton prevailed amongst most physicrans concerning prog-
nosis It was thought the moment war ended and the fear of suffering or
death was over, that the symptoms would 2ll disappear Follow up studies
showed that not to be the case Although many men improved many
others retamed their symptoms to a greater or lesser extent mdefinitely
Thus could not be explained entirely on the desire these veterans had to
receve pensions, for some who did not need or accept pensions con
tinued to be handicapped

PROGNOSIS

Prognosts 1t cases of functional heart disease 1s uncertain with regard
to the symptoms but excellent as to hfe Although one does not fear any
serious comphcattons and there 1s no mortality due to this condition
cures are not readily obtaned Often the underlymng fear or psychic dis-
turbance cannot be removed or the symptoms go through cychc changes
improving and then reappearing as different periods of nervous stress and
strain come and go Even without any obvious cause some pauents wall
contnue to be bothered by one or another of these functional symptoms
as evidence of some neurocirculatory instabihity Because of the great fear
of heart disease that prevails among the laity, patients with functional
heart disease need constant reassurance and encouragement to carry on
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Paroxysmal Raped Heart Action

The heart action may suddenly become rapid mn a varety of ways There
are several different types of disturbances in the heart mechanism respon-
sible for these paro<ysms It 1s mmportant to distmguish one from the
other because, as we shall sce later, the treatment and the prognosis
differ considerably in the various types Furthermore, there are occa-
sional instances m which proper treatment must be nsttuted quickly,
otherwise disastrous results ensue This whole subject, therefore, has
many very practical aspects, and 1t 1s surpristng how intelligent manage
ment of these disturbances can be carried out by the use of very simple
means

Paroxysmal rapid heart action comprises those conditions 1n which the
heart suddenly becomes rapid The termunation of such a paroxysm 15
likewsse sudden If one had the opportumity of observing the actual transi-
uon erther at the onset or the offset of these attacks, one would notice
that the change takes place mnstantly A heart rate which 1s found 1o be
70 at one moment might suddenly in one second jump to 200 a mnute
and at the termmnation of such a paroxysm the rate would fall n one
beat from the high level to a normal one The abrupmess of the change
15 an wmportant pomt that distinguishes 1t from a rapid heart 1 which
the mechamsm 1s normal, 1€, normal tachycardia If a patient 15 seen
with a normal smus tact dha of 170 for as mught be found
1n surgical shock, hemorrhage, certan fevers, hyperthyroidism and other
condittons, 1t generally will be possible to ascertamn that the heart rate
rose gradually to this hugh level It may have taken munutes, hours or
days to change from the normal to the rapid rate In true paroxysmal
heart action no such gradual transitions occur

‘The cause of these paroxysms 1s the mnception of a new cardsac mech-
arusm In the ordinary normal rapid heart the rhythm 1s really not dis-
turbed The impulses arise 1 the normal pacemaker (smo-auricular node)
and travel through the heart normally The only change 1s that the rate
of impulse formation 1s rapid In these abnormal paroxystas, on the other
hand, the ordinary pacemaker of the heart no longer controls the thythm
and 1n 1ts place some abnormal mechamsm 1 the auricles or ventricles
controls the heart beat The types of disturbance that may result are
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paroxysms of auricular tachycardta, aurcular flutter, auricular fibrillation
and ventricular tachycardia® Although paroxysms may also arise m the
aunculoventrcular node or the bundle of His and are then called nodal
tachycardia, they are rare, and are impossible to recogmize without the use
of special apparatus

The foll d

4 4

are also ¢ d from an elect

graphic pomnt of view m Chapter 21

PAROXYSMAL AURICULAR TACHYCARDIA

Paroxysmal auricular tachycardia 1s the most common of these dis
orders It occurs much more often 1n patient who have no heart disease
than m those with organic cisease In this sense i1t may be regarded as
a funcuonal disturbance The heart rate dunng an attack will generally
range between 150 and 250 a minute The attack begms and ends abruptly
It may last munutes, hours, days or rarely weeks During the paroxysms
the heart rate 15 perfectly regular and the sounds are all alike 1n quahty
and itensity The regularity 1s so precise that on careful measurement
contiguouts heart cycles will not differ i length by more than  second
The rhythm 15 not only regular but seems to be constant and fised at the
same level for long periods at a ime If an attack were to continue for
some hours the heart rate might be found to be 196 at one time and ten
munutes later 1t would sull be 196 It 1s also impossible to disturb this
rate by such sumple means as having the patient hold hus breath or change
hus posion, which measures generally will alter the rate of a normally
beating heart This constancy of rate 1s an important disunguishmng char~
actenstic which enables one to recogmze the condition at the bedside
To obtam this the ape¥ rate should be counted accurately for sixty seconds
This can be done with a stethoscope 1n human beings, when the heart 15
regular, even when the rate 15 as rapid as 250 2 mmnute The error in the
count need not be greater than two one at the beginung and one at the
end of the minute while trying to synchromze the heart beat with the
second hand of the watch During the mntersenung beats there need be no
1naccuracy whatever Accurate counting of a rapid regular heart may be
faciltated by simultaneously tapping with the foot or the finger This
matter deserves some emphasis because one often hears the expresson
that the heart was too raprd to count If the rhythm was regular this
generally means that the observer made no real attempt to count accu-
rately Let us assume that in a given case the rate of 164 was found Some
mmnutes later the count should be repeated having the panent change his
position, hold hus breath or go through any maneuver which ordmanly
disturbs the heart rate On the recount the rate will agam be found to be
164 or 163 If the second rate were 170 or 160 one mught farrly safely
assume that the patient did not have paroxysmal auricular tachycardia A
normally accelerated heart, however, might alter 1its rate to that extent
Thus we have a simple means which helps to characterize this conditron
Expressed mn other terms, while ausculting the heart not even the shghtest
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alterations 1 the rhythm will be noted as a result of those measures
which generally produce acceleration or retardation under normal cir-
cumstances

Symptoms

The chinical features 1 this condition are varrable The artacks may
occur rarely, one every several years, or frequently I have seen instances
m which the patent had as many as ten paroxysms every day He wall
generally complamn of sudden palpitation of the heart and become nervous
and agitated Famnting and actual loss of consciousness may occur at the
onset of any form of paroxysmal raptd heart action Thss probably results
from the sudden decrease m the cardiac output with resulting relative
cerebral anoxerma Adjustments m the circulation take place, however, so
that syncope does not last very long Durng the first ume or two, not
Lnowmng what 1t all means, he may actually fear that he 1s gomng to die
Usually there 15 no dyspnea with the paroxysm and after a variable length
of tme the attack ends as suddenly as 1t ¢ d There frequently 18
a sensation of gaseous distention of the abdomen or belching of gas during
and particularly at the end of the paroxysm Occasionally a cessation of
the attack comes with a vomiting spell These features make the patient
think that the paroxysm 1s due to 1ndigestion® or that 1t 1s 1n some way
related to hus diet The causes that precipitate the attack are numerous
and inconstant Frequently a sudden movement of the body such as
bending to tie one s shoe or a quick turn of the head mtiates the attack
Much less frequently violent effort brings on a spell Emotional factors
also come mnto play Sudden thoughts or even dreams may be the pre-
cipitaung cause There remaimns a great number of mstances 1n which the
attack seems to occur spontaneously without any known cause In some
cases there 15 heart pamn during a paroxysm which 1s more apt to occur
after the paroxysm has lasted some time In 1ts description 1t may resemble
the pam of angina pectoris but 1t has by no means the same prognostic
stgmificance, for when the heart rhythm 1s normal and slow there will be
no chest pam whatever and 1n fact no other evidence of heart disease

Physical examnaton of the patient duning an attack 1s apt to reveal no
essential abnormahity except the rapid heart rate The patient may seem
pale and agitated and the skin may be moist When an attack develops in
one who 15 otherwise normal there will be no ewvidence of arculatory
insufficiency except mn very rare nstances This 1s also true m some cases
10 which there 15 associated organic heart disease, either valvular or mus-
cular In fact, there 1s no other condition 1 which the heart may be so
rapid with so httle apparent embarrassment to the circulation The pauent
may have no dyspnea or cyanoss and yet show a heart rate of 200 or more

‘Under certan cir ymp of considerable gravity develop,
such as pertpheral thromboses and congestive heart failure The factors
that determmne the development of these complications are the following
the duration of the attack, the heart rate duning the attack and the condi-
non of the heart before the onset of the attack It 1s obvious that a normal
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heart mught stand the rate of 240 a great deal longer than a hearr with
mtral stenosis, or one with a poor degree of compensation I have seen a
patient with nutral stenosis develop marked dyspnea, edema of the lungs,
cyanosts and engorgement of the hver within a few hours after the onset
of tachycardia 1n winch the heart rate was 190 On the other hand, if
the rate 15 extremely rapid and the attack of long duraton, even if the
heart 1s structurally normal disastrous results may develop This was well
1llustrated 1n a case I observed many years ago A man of 40 who was
otherwise perfectly well had had three attacks of tachycardia dunng the
previous few years Each artack lasted umnterruptedly for five to eleven
days Durng the first one he developed a hemuplegia from which he
gradually recovered i the course of a few months with a shght residual
spasticity of one side of the body During the second attack he developed
aphasta which gradually disappeared in four months Dunng the third
attack, dry gangrene of the left 2nn developed requinng amputation at the
shoulder I saw thus man in 1914 during the fourth attack and found the
heart rate to be 250 a munute After obtaiming certain data on this patient
the attack was immediately ended by ocular pressure It was the first time
his attacks had been controlled for the others had stopped spontaneously
after lasting many days In fact this may have been the first nstance mn
which ocular pressure was ever effective as a treatment for paroxysmal
tachycardia

The explanation of the compltcanons that occurred mn this case was
quite obvious While the heart was beaung 250 umes a munute the pulse
pressure was extremely low Duning several antacks in which the panent
was observed the systolic pressure was around 94 to 96 and the diastolic
around 88 mm Therefore, this patient had an effective pulse pressure of
no more than 6 or 8 mm One can readily see from this how thrombosis
m penpheral vessels could easily develop This must have occurred m the
cerebral vessels during two of the attacks and 1n the vessels of the left
arm at the ime gangrene occurred The process essentially consisted of
stagnauon of the blood In such a case 1t 1s evident that proper therapy
was imperauve, for this pattent hved for more than thurty years thereafter

In general, the changes 1 blood pressure that occur dunng paroxysmal
tachycardta consist mn 2 tendency for the systolic level to fall and the
dhastolic to nse with 2 diminution 1 the pulse pressure The degree of
such changes will depend upon the three factors mentioned, namely, the
heart rate the duranon of the attack and the structural condition of the
heart Such artacks have at tunes been called acute dilatation of the heart
Thos 15 a musnomer for 1n 2 senes of twelve such mstances < ray meas-
urements of the heart before, duning and after attacks failed 1o show an
appreciable dilatation except 1n one instance (case aited 1n the Ppreceding
paragraphs 1n which the heart rate was 250) In some patients the heart
was actually smaller duning the attack Other nteresting findings that may
develop dunng attacks of tachycarda are a shght fever and a shght leuko
cytosis I do not think that these features mndicate mfection They are
rather the result of congeston



214 Crintcat Heart Disease

One can reacily see how a sumple attack of any type of paroxystal
rapid heart action may be confused with acute coronary thrombosis A
patient has a ‘heart attack  The heart rate 15 found to be very rapid
There may be some collapse, a fall n blood pressure and even chest dis-
tress of the anginal type Fever and leukocytosis may follow After the
attack has ended the ¢lectrocardiograms may even show anverston of the
T waves, suggesnng coronary thrombosis These changes are probably the
result of myocardial fatigue and local relatrve anowa and gradually return
to normal 1nt subsequent days or weeks All this can occur in 2 structurally
normal heart and also leave the heart entirely intact The confusion be
comes even greater when one considers the possibility that actual coronary
thrombosis may result i vulnerable ndividuals i1f a low blood pressure
and a state of shock persists for a long time One mmportant distinction 15
that 1n simple paroxysms of tachycardia the very rapid rate comes first
and then the above signs and symptoms follow, while 1n coronary throm-
bosis the abnormal tachycardia follows the attack and generally does not
appear for one to several days

Treatment

The development of paroxysmal tachycardia may present a sertous situ-
ation and require immediate and effective treatment during labor or dur
mng a surgical operation I recall an experience mn which a woman was
being operated on for gallstones While she was under ether, just as the
operation was to be started, respiranon ceased, the radial pulse became
imperceptible and extreme cyanosis quickly developed Aruficial respira-
tion had to be mstituted and had already been carried on for about ten
munutes when I saw the patent The heart rate was 212 and perfectly
regular Carotid sinus pressure stopped the attack immedsately, the heart
returung to 4 normal rate of 80 Normal breathing was immediately
restored and the cyanosis disappeared The patient was subsequently
operated on and the galibladder contaiming stones removed In two other
cases that were somewhat simular but 1 which the symptoms were not
so alarming, carotid sinus pressure was not effective whereas ocular pres-
sure promptly restored the heart to 1ts normal rate Such experiences are
not common The urgency and gravity of the whole situauon 1s so great
when they do occur that they deserve this emphasts

There are two phases to the treatment of paroxysmal tachycardia, the
first concerns the treatment of the attack and the second the procedures
that may prevent or dimmsh the mcidence of future attacks There are 2
great many measures which have seemed to be successful at one ume or
another mn stoppmg attacks They all produce their benefictal effects by
sumulaung the yagus nenve m one way or another The act of vomuung
15 one of these, erther produced spontaneously or by the use of an emetic,
such as apomarphune, 1pecac, and the Iike One to 4 teaspoonfuls of syrup
of 1pecac often 15 effective when other methods fal and may be repeated
1n one-half to one hour Inducing the gag reflex by insertung a finger m
back of the tongue 15 another method 1 knew one patent who stopped
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several of lus attacks by drinking 1ce~cold water or swallowing bits of 1ce
Occasonally lowering the head or ifung the foot of the bed has proved
successful One sumple and most helpful measure 15 holding a deep breath
There are many pattents who have found that this simple expeniment can
stop therr attacks very effectively It 1s well to tell such patients to take
a deep breath and hold 1t as long as they can In normal mdividuals,
holding a forced msprranon produces a shght vagal slowing of the heart
but 1n this conditton 1t will frequently bring an attack abruptly to an end
with restoration of a normal slow rhythm (Valsalva experiment)

Finally, there are three methods which stimulate the vagus nerve more
effecuvely The first of these 1s by irmtation of the carond smus, the
second by pressure over the eyeball and the thurd by the use of drugs
The first of these procedures consists of palpating for the bulge m the
common carond artery as 1t divides mto external and mternal branches
with one hand while supporting the patient with the other hand placed
behind the neck Pressure 15 then exerted backward, completely com
pressing the artery and massaging 1t for several seconds This should be
done first on one side of the neck then on the other, but not on both
sides at the same ume Pressure should be released after a few seconds
and repeated after an mterval 1f necessary In rare cases hemuplegia has
resulted which was not due to an asystole of the heart but rather to ob-
Literation of the circulation to one side of the bramn for too long a tme
The cerebral acaident 1n these cases always involved the side compressed
If the paralysis had been due to a cessauon of the heart beat one side or
the other would have been affected The second method consists 1n exert-
1ng rather firm pressure with the thumb over the eyeball This will be
panful Here agamn one eye at a ume should be tned Ths pressure sends
a stumulus up the fifth cramal nerve and by a reflex (oculocardiac reflex)
down the vagus nerve When ocular pressure 1s effective 1t 1s not a result
of the pan for pamn produced elsewhere 1 the body causes no such
slowmng and I have several umes stopped attacks while a patient was
under anesthesta Its use 1s himited to some extent but there are mstances
when this will prove successful after other methods have fatled

The distressing feature of arresting attacks of parotysmal heart action
1s that on rare occastons the attack stops but the heart never starts beating
This espenence makes one think that the abrormal rhythm 15 mhibited
but the normal pacemaker, which has not been functioning throughout
the attack, fads to smnate any impulses It 15 as if the smus node which
has been asleep, fails to wake up I have been told about two nstances
of sudden death, one following carotid sius pressure and the other after
ocular pressure 1n which the tachycardra stopped but the heart beat never
was resumed

Attacks of auricular tachycardia can generally be arrested by one or
another of the procedures just descibed There are mstances, however,
when the tachycarda 15 resistant to all these measures Drugs may then
be used which have proved valuable 1n stubborn cases On several occa
sions 1n which the tachycardia persisted for a long ture and could not
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be stopped by the ordinary means and the patents condition s:cmed
rather critical, the intravenous of quimdine sulfare
restored the normal rhvthm For this purpose one would generally necd
03 gm or more of qumdine sulfate It 1s best to myect this slowly while
someone 15 histerung to the heart over the precordsum Just as soon as the
break in the rapidity accurs, injection should be stopped In two cases I
found that after 02 gm of the drug was injected, and while the hypo-
dermic needle was still in the vein, the attack suddenly came to an end
There 15 some danger 1n the use of quimdine, therefore thus treatment
should not be used until other measures fmf and the pauent’s condition
1s cratrcal enough to warrane it Another drug that has been used with great
success 15 acetyl-g methylcholine The average adult dose 1s 20 mg given
subcutancously Infants have responded favorably to doses of 5 mg This
1s 2 powerful vagal simulant Occasionally untoward results occur, par-
ucularly 1n aflergic individuals, for which & 1o v gran of atropine should
be used Other drugs have been used successfully to stop attacks Among
these are calaum gluconate (10 to 20 cc of 10 per cent solution gven
slowly intravenously), parathormone subcuraneously, magnesium sulfate
(15 cc of 20 per cent solution intravenously) and proshgmine methyi-
sulfate (05 to 1 0 mg intramuscularly) There 1s reason to belteve, how-
ever, that caloum mught be dangerous n ventricular tachycardia Neo
synephrine intravenously has stopped attacks of paroxvsmal supraven-
ncular tachycardia within one minute The mecharusm probably depends
on mncreasing the blood pressute It mght be hazardous 1n cases with
hypertension or coronary disease The dose 15 05 1o 10 mg Curnously
enough, I observed one patient who had typical angina pectorss and 1
addion classical attacks of paroxysmal auncular tachycardia The two
condinons were mdependent of each other This patient found that mtro-
glycerin not only relieved the attack of angnal pam (when the heart rate
was normal) but stopped his attacks of tachvcardia I imally large doses of
digitalis (05 to 10 gm) often prove successful Probably any form of
digrtalis preparation will do, though excellent results have been reported
by the mtravenous use of cedilarud (1 6 mg )} Atebrin also has been effec-
nve 1n arresting various forms of tachycardia This 15 given 1 doses of
01 gm intravenously (1 per cent solution) or 0 3 gm m 1 per cent novo-
cain solution 1ntramuscularly

It must be understood that in most cases of paroxysmal tachycardia the
attacks e ily cease ly and that the pauent 15 none the
worse for the spell Itis onl) occasionally that any heroic treatment would
be indicated, but there are instances m which 1t might prove hifesaving

When 1t comes 1o preventng the return of such attacks, the problem
becomes more difficult The patents themselves often feel that if treat
ment were directed at the gastrointestnal tract they mught be cured The
physician frequently alters the diet 1n one way ot another, advises medical
treatment for gas, indigestion or constipanon, with the hope of prevenung
these attacks In other mstances courses of sedatives have been presenibed
to dinumush the general nervous irntabihity In those cases i which there
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1s excessive use of tobacco this may be ascribed as the cause of the artacks
Treatment along these lines, however, has always proved practically use
less It recently has been suggested that carbachol (carbamylcholine chlo
ride) 4 mg orally daly may prevent recurrences of suprayentricular
tachycardia I have had no expenience with this drug The two drugs that
are helpful i preventing recurrent tachycardia are qudne and digitalis
Either one or the other, 1f properly admmsstered, will often erther inhybat
the attacks entirely or wall dimmish their frequency and seventy In
several instances 1 have found digstalis to be effective after quunidine had
falled In only a portion of the cases 1s tius treatment mdicated If attacks
come only on rare occastons, such as once m six to twelve months, 1t
would hardly seem wise to prescribe a course of preventive treatment
Not knowing when an attack 1s to be expected, such a panent would have
to be constantly under the mfiuence of qumdine or digitalis m order that
the heart might be prepared on that distant day when the attack otherwise
would be due This would necessitate the constant use of a medicme for
the possible prevention of a rare attack Even if months elapsed and the
patient were free from attacks because of the infrequency of such spells,
1t would stll remamn doubtful whether the therapy had anytlung to do
with the result obtamed Under these circumstances 1t 1 best to explain
the entire situation to the pauent assuring him that nothung serious wail
develop to institute nto constant drug therapy, but to be prepared to meet
each spell as 1t anises

When the attacks occur should be sp 1)
directed at thetr prevention, for then they may be actually incapacitating
and 1t becomes a simple matter to decide whether or not therapy 1s effec-
tive Quinidme sulfate may be given 1n doses of 3 to 5 grans three times
a day If the pauent ordinarly has attacks every few days a particular
dose should be continued long enough to be certain whether 1t 1s effective
or not If attacks continue despite this dose 1t may be increased Although
some patients may tolerate Jarger doses without showing toxic symptoms,
such as ringing 1n the ears, as a practical matter if attacks continue while
5 gramns three tumes a day are taken 1t 1s best to omut the drug entirely

It was formerly thought that digitalis was of no use in the treatment of
paroxysmal tachycardia This opinion was held mamly for two reasons
In the first place 1t seemed true that the ordinary admimstranon of digt
tahis during an attack had lLittle inftuence 1n stoppmg 1t In the second place
1ts use 1n preventing the recurrences seemed disappomting because com
plete and constant digitalization was generally not carried out Some years
ago I had an opportunity of observing four patients who had had courses
of quimdine and digitalss therapy without success The digitalis 1n these
cases was 1nadequate and when the dosage was admmistered 1 quantities
sumular to those used mn heart falure, all attacks ceased One of these
panents was having several attacks a day so that he had to quit hus work
He had no organic heart disease and except for these attacks he was well
Under full doses of digitalis all attacks ceased and he was able to return
1 work Another panent was a woman aged 60 who had had artacks
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about every two wecks for the previous three years They grew mcreas-
ingly severe so that finally they were absolutely prostrating When she
was seen durning one of these spells she was found to be pulseless, no blood
pressure reading could be obtained and the heart rate was 240 She was
cold and 1t looked as though she mght die Ocular pressure mstantly
brought the heart rate to normal She had previously taken quimidine at
one tume, and at another 5 drops of digitahs three times a day for some
months without success She had also taken sedatives and various med-
icanes for ndigestion After the spell just described she was given 13
grams of digitalis leaves three tumes a day for one week and thereafter
1} grams daily There were no attacks for fifteen months It was then
decided to stop digialis to see whether or not 1t was needed any longer
About one week after the drug was omtted a sumlar attack occurred and
digitahis was then remstituted and the panent had no further attacks
Thus case was a very striking one for the panent remamed perfectly well
for over fifteen years, whereas formerly for three years she was m con-
stant fear of these attacks, and had to hive 2 very confined hife and required
constant nursmg attention

In the more common type of paroxysmal auricular tachycardra just
described, there 15 no heart block, the ventncles responding to every
auncular impulse There 1s 2 much rarer vanety m which block does
occur In this and other ways this type resembles auncular flutter to
some extent It will not respond very readily to the methods of treatment
just mentioned Quimdine or digiahs may be tried, however, for occa-
sionally success may be obtamned It 1s desirable at least to keep the ven-
tmcular rate slow by constant use of digitals, 1if possible, for the raprd
auncular rate may persist for weeks or months New observatons by
Wilson and lus associates have presented evidence suggestng that this
type of auncular tachycardia and possibly others as well are due to a
crcus movement m the aurncles, m which the pathway goes through the
auriculoventricular node

Surgcal procedures have recently been employed 1n stubborn cases of
recurrent paroxysmal auricular tachycardia and in other types of paroxys-
mal ramd heart action Eather the nght or the left or both sympathenc
chans from the lower cervical through the upper four or five dorsal
gangha have been removed It 1s too early to be certamn of the results but
they seem promsing, although 1t 1s already evident that fatlures wall occur

PAROXYSVIAL AURICULAR FLUTTER

Another form of paroxysmal heart action 1s auricular flutter Although
this condition once established 1s apt to be persistent, occasionally 1t oc-
curs 1 paroxysmal form Here the auncular rate generally ranges from
250 to 350 and the rate of the ventricle 1s one half of the auncular rate
or less In very rare instances the ventnicular and aunicular rates are the
same When the condition 1s first seen, before any treatment 1s mstituted,
there 15 apt to be a 2 1 heart block, so that whatever the auncular rate
may be, the heart rate as counted at the apex 15 half as great The former
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may be 340 per mmnute whereas the ventricular rate 1s 170 It should be
borme 1 mund that the rate of the aunicle 1s really mnferred, for the aurc-
ular contraction cannot be heard The rhythm n untreated patients 1s
generally regular, because every second impulse coming from a regularly
beating auricle reaches the ventricle Occasionally in untreated cases and
frequently after treatment has been started the thythm is srregular Here
the degree of block 1s changing 1n different heart cycles, so that for a
short time every second aurscular beat gets through to the ventricles, then
only the third or fourth beat gets through and so the regulanty 1s dis
turbed from time to ume The resultant 1rregulanty may occasionally be
gross enough to resemble auncular fibrillatton very closely There may
even be an appreciable pulse defiat The essenttal difference berween the
two conditions 1s that i auncular fibrllaton the mrregulanty 1s actually
complete whereas n flutter 1t follows some defimte law, 1€, different
groups of ventricular beats will have the same length 1f accurately meas-
ured and properly selected as they will correspond to the same number
of regularly occurring auncular cycles (Chap 21, Fig 68)

Thus type of paroxysmal rapid heart action occurs generally 1 panents
who have orgamc heart disease, esther valvular or myocardial, but may
also occur 1 those with no other evidence of heart disease Unhike par-
oxysmal auricular tachycardia 1t 1s apt to persist for long periods at a
time or even to remamn permanent 1if untreated Therefore 1t ts important
to try to restore the normal mechamsm or at least to control the ventricular
rate There are two purposes m the treatment of patients with this con-
diton It would be desirable to do away with the mechamism of auricular
flutter entirely or to prevent the ventricles from becomung rapid if the
flutter persists In general the two drugs that are used for these purposes
are digitals and quinidine In about one third of the cases the heart 15
restored to normal rhythm if digitahs 1s properly given At first, as has
been mentioned the ventricular rate 1s apt to be raptd and regular with
a coexisting 2 1 heart block After the customary dose of digitals 1s
admumstered the ventncular rate slows and may become irregular as a
result of an ncrease 1 heart block so that 24 1 or 6 1 auniculoven-
tricular block results If the ratio between ventncular and auricular beats
ssconstantly 4 lor6 1, the rhythm 1s regular, of this rane 1s changing
1n different cycles the rhythm 1s irregular The ventricular rate may now
be 60 or 80 but the auricular rate durmng this ttme remains unchanged, as
the flutter so far 1s not disturbed At this pomnt i some cases, auncular
fibrillaon may suddenly develop with the appearance of a gross irregu-
lanity If digitalts 15 now omutted, dusimg the course of the next day or so
the heart may return to 3 normal rhythm In fact, regulanization may take
place even 1f the mamntenance dose of digitalis 1s continued In general,
therefore digitalis may change the auricular flutter nto auricular fibrilla-
tion and permt the auricles to return spontaneously to a normal rhythm
‘When this treatment 1s effective, auricular flutter may persist even though
the ventricular rate has been slowed by digitalis, or having produced a
change to auricular fibrillation this may continue indefintely, or again
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return to the origmal state of flutter When digttahs does not restore the
normal rhythm 1t may sull serve an important therapeutic purpose mn
maintainng a slow ventricular rate, whether the onginal flutter or the sub
sequent fibnllatton persists Inasmuch as the most mmportant purpose of
treatment 15 the prevention of a rapid ventricular rate, no matter what the
auncles are dong, digttals 1s of distinct value in this condition

The best treatment of aunicular flutter 1s actually to restore a normal
rhythm It 1s known that qumdime increases the refractory period of
auricular muscle By so doing 1t may actually stop the continuous circus
which exsts i the auncle and which tends to perpetuate the flutter T'he
dose of quumdine for thus purpose 1s not fixed In general, from 5 to 10
grams three to four times a day may be given The procedure I have
used 1s, after digitahs has slowed the ventricular rate and the abnormal
rhythm persists, to start with a dose of 02 gm and to increase 1t by 0 1
gm with each dose, giving the medication three times a day During the
qumdime therapy a daily dose of 01 gm of digitalis may also be given
At imes I have had to increase the single dose of qrurudine to 10 or even
to 15 gm before reversion to normal rhythm was obtamed It 1s desir-
able to have the patient under close observauon during thus time so that
frequent electrocardiograms may be taken It may be noted that durng
the qumdine admuntstration the actual auricular rate will slow while the
ventricular rate accelerates I have seen the auncular rate of flutter drop
from about 300 to 150 as a result of qunidine At any time duning this
treatment the normal mect 1 may suddenly be d The drug 1s
by no means effective 1n all cases, and unltke digitalis has no value
slowmg the ventricular rate except when 1t restores the normal rhythm
The dssadvantages of quimdine apart from 1ts frequent meffectiveness are
that 1t has certain toxtc actions that occasionally are serious On the other
hand there are instances of auricular flutter that are helped greatly by
thus drug when digitahs has been meffective

PAROXYSMAL AURICUI AR FIBRILLATION

Paroxysmal auricular fibrillation 1s a much more common condition
than 1t was thought to be not so long ago In fact the term aurscular
fibrillation 15 appled to 2 condition that was formerly called perpetual
arrhvthmia ” Tt was then beheved that once this became established 1t
remained so permanently We now know that the transient form 1s quite
common It occurs occasionally mn patients with mitral stenosis before 1t
takes on the permanent form It 1s also frequently met with mn hyper-
tensive heart disease or in so-called ‘chromic myocarditts It occurs
some cases of rtheurnatie fever and 1n a small proportion of cases of pneu-
monia It has been frequently observed duning acute coronary throm-
bosis Rarely 1t 1s seen under a variety of circumstances that seem to have
no very defimte relations to the heart, e g, acute angloneurotic edema,
chronic galibladder disease or as a complication of any surgtcal operation
requinng general anesthesia, especially in operations on the lungs and
mediastinum  Possibly the most common condition with which transient
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auricular fibrillation 15 assoctated 1s hyperthyroidism Ths 1s a frequent
event during the ordmary course of the disease and particularly durng
the first day or two following an operation on the thyroid gland There
remans a small group of pauents m whom transient fibnilaton oceurs and
1n whom there can be detected no other evidence of heart disease or dis-
ease of any important organ It must be regarded 1 these 1solated cases
as a purely functional derangement and not ndicative of any disease It
1s evident from the great vaniety of conditions 1n whuch transient fibnila-
tion may occur that the symptoms resulung from this disorder and the
appropriate treatment must vary a great deal It 1s obvious that the sudden
1nception of a rapid irregular rate can produce very distressing symptorns
1n a patent who already has serious orgamc heart disease, whereas if 1t
occurs m 2 heart that 1s essentially sound very little embarrassment may
result As will be seen later, m some cases this paroxysmal arrhythma
needs no treatment whatever or treatment may be entirely useless until the
underlying cause 15 removed, whereas in other instances the attack tself
presents a therapeutic problem of major importance

When auricular fibrillation develops the rhythm of the heart becomes
grossly irregular Almost invanably the rate as counted at the apex 15
quite rapid, 130 to 170 or more If the patient 1s digitalized or 1f, as rarely
happens, there 1s a concomitant defect m the conduction apparatus the
apex rate may be slow With a raprd heart rate there generally 1s an appre-
ciable pulse deficit, 1¢, the pulse rate 1s 10 or more less than the heart
rate Occastonally when there 1s hypertension or when the pulse pressure
1s great, as m hyperthyroidism, or when the heart rate 1s not very rapid
there may be very little 1f any pulse deficir The bedside diagnosis, how-
ever 1s not very difficult 1n the great majonty of cases The most impor

~tant feature tn the diagnosts 1s the character of the irregulanty It 1s a

complete absolute and tumultuous arrhythmia that one hears Only m
rare wstances may 1t be confused with other conditions

The symptoms that result from an attack of auricular fibnllation depend
1n a great measure on the state of the circulatton before the onset of the
attack In most cases there 1s palpitanon This 15 produced by the rapid
agutated contractions of the heart If cardiovascular disease already ewsts,
dyspnea of a muld or marked degree may quickly develop In fact some
cases may present the prcture of acute pulmonary edema Occastonally an
arrack of transient auricular fibrillauon 1s associated with the dislodgment
of an embolus from an aunicular thrombus If the thrombus 1s dislodged
from the night auncle a pulmonary infarct develops and if from the left
auricle hemtplegta or other artenial mfarction may occur If auncular
fibrillation develops 1 a patent already very sick with poeumoma sudden
collapse may occur I recall one such case in which the heart rate sud
denly rose to about 200 and the pulse became 1mperceptible The patient
seemed to be n extremas Twenty minutes after an mtravenous dose of
strophanthin he quickly revived, the heart rate.fell to about 110, the pulse
retumed and the pauent eventually recovered There are other mstances
of transtent fibnillation mn which the circulation 1s m such good condition
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that the patient will have no complamnts whatever, except a slight degree
of palpitaon One can readily see how vanied the picture may be

Treatment

There are two therapeutic aspects to this condition, one concerns 1tself
with the underlying disorder, whether 1t be pneumoma, exophthalmic
goiter or some other condition, and the other 1s the treatment of the spe-
afic attack of fibnllation In hyperthyroidism 1t 1s useless to treat the
patient for auncular fibrillaton 1n the ordinary way, as attacks will tend
to recur as long as the hyperthyroid state persists When the treatment of
hyperthyroidism 1s effective mm restoring the metabolism to a normal Jevel
the tendency to fibrillation will Uly disappear sp ly In
most other types of transient fibnllaton direct therapy for the arrhythmia
aself 1s indicated The two drugs that have distinct therapeutic value m
the treatment of thus arrhythmua are digitalis and qumdine The achon
and the purpose of these two drugs are quite different and so are the
results obtaned from their use Digitalis rarely brings an attack of aunc-
ular fibrillaton to an end When such a spell ceases while the patent 1s
taking digitalss 1t 15 thought to do so spontaneously In fact, there 1s reason
to believe that digitalis mught tend to perpetuate the condiion The value
of digitalis, however, 1s to slow the ventricular rate while the fibnllation
continues On the other hand, quinidine may even cause an acceleratron
of the ventricular rate wiule fibrillation 1s present, but 1ts mamn value lies
mn the fact that 1t tends to do away with the arrhythma entirely and
restore the heart to a normal mechamusm If 1t 15 known that the patient
has had previous spells of thts arrhythma of short duration lasung only
a few hours, and the general state of the circulanon 1s quite satisfactory,
1t 1s just as well to give neither one nor the other form of medication,
but rather to admuuster some sedative or possibly morphumne, for 1n a
few hours the attack may be over If, on the other hand, the panent
already has sufficient orgamic cardiac disease so that the rapid rregular
ventricular rate has already produced or may readily produce generahzed
congestion or alarmung symptoms of airculatory msufficiency, rapid dig
talization 1s imndicated The reason for this 1s that 1t cannot be known how
long the attack 1s going to last or whether or not the fibrillauon will be-
come permanent Whether digitalis shall be given by mouth, mtramus-
cularly or mntravenously depends upon the urgency of the situatton The
followmng 15 an illustration of thus problem A muddle aged woman with
fairly well-compensated mutral stenosis had, during the course of several
years, a few transient attacks of auricular fibrillation, each lasting about
an hour or two Durning these years dyspnea had been slowly increasing
Finally she had a spell which had already lasted about five hours when I
saw her In this brief time her condition had become alarmung She was
sermstuporous, had marked zcute pulmonary edema, striking generalized
cyanosts and extreme dyspnea The heart rate was about 190 and the
pulse was pracucally impercepble The situation seemed desperate Inas-
much as she had not been taking digitalis, 8 cc of digifoln (08 gm
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cigitalis) was immediately given intravenously In about twenty minutes,
although the auricular fibrilation still continued, the heart rate fell from
190 to about 100 The change 1 the appearance of the patient was most
dramatic The dyspnea, cyanosts and pulmonary edema all quickly im-~
proved and she fell back 1nto a comfortable sleep As 1t happened, fibnlla
tion from then on persisted She continued on digitalis by mouth and
later became ambulatory To be sure, 1n most cases no such alarming
symptoms result In general, palp 15 the p pl and
under such ar digital by mouth 15 suffi In a case
of moderate sevenity 05 gm of digitalis may be given by mouth 1 one
dose and 1f none has been previously given, this same dose may be re-
peated 1n several hours and agam the following day 1f the heart rate 1s
still rapid Such a procedure will be effective 1n refieving the symptoms
of crculatory msufficiency It 1s evident from the foregomng discussion
that drgitalis should be used to slow the ventricular rate when that rate 15
raptd, when the attack seems to be persssung and when embarrassment to
the airculation results

The second phase of the treatment of paroxysmal auricular fibrillation
1s the prevention or the dimnution 1n the frequency of further attacks
Tn most cases 1t 13 best to try the effect of quimdine sulfate Thus may be
given 1n doses of 03 gm three times a day It should be continued for a
sufficient time to ascertain whether attacks are being mnfubited or not If
they had been comng once or twice a week and if while the patient was
taking quimdine none had occurred for several weeks, 1t 1s fair to say that
the artacks were specifically mtubited by quintdine The drug mght then
be continued for several months If, however, the attacks persisted with
equal frequency on this dose, 1t generally means that quumdine was of no
value, although a larger dose might be tied Occasionally attacks have a
tendency to recur at certain tumes of the day or rught In these cases the
dose of quintdine may be gtven an hour or so before the expected atrack
and prove helpful If quumdne sulfate 1s mneffective as a preventise and
the attacks are troublesome or frequent the patient should be digitalized
tt ghly and kept on doses constantly This need not pre-
vent the return of the spells, but will so prepare the heart that when they
do occur the ventricular rate will not be rapid In one such case when the
attack occurred before digitalis was given the heart rate was about 140
A few days later after only 1 gm of digitalis had been taken by mouth a
simular attack occurred and the heart rate was about 100 The following
week when 1he patient was pletely d d, on routine
the thythm, which previously was regular was found to be grossly irreg-
ular with a rate of 70 The patient was entirely unaware that she was
having a spell, whereas previously spells caused considerable palpitation
Thus experience clearly illustrates the effect of digitalis, for the spells con-
unued but the resul p were ob 4 Ttis also a good example
of the slowing effect of digitalis on the ventricular rate 1n the absence of
beart farlure, for there was no evidence of gongestion m thus case There
will be occasional instances m which digitalis may be used 1 the treat-
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ment of one specific attack and later quunidine could be given to prevent
occurrences It must be borne in nund that many spells pass off without
therapv

PAROX1YSMAL VENTRICULAR TACHYCARDIA

The last type of paroxysmal rapid heart action to be considered 1s
paroxysmal ventricular tachycardia In thus condition the beats anse m the
ventncle 1tself and the auncles esther contract at a dufferent rate or 1
some instances there 1s reversed conduction so that the impulse that anises
1 the ventricle travels upward to make the auricles contract There are
several important differences between thus type of tachycardia and those
ansing i the auricles This condition 1 the great majonty of cases 15
associated with sertous structural heart disease, generally coronary throm-
bosts There are occasional mstances of 1ts occurning with chronc vafvular
heart disease and rare cases m which the heart 15 structurally normal In
fact, instances have been reported 1 which this arthythmia would develop
1n the uprght posmion and disappear on Iying down (orthostatic paroxys-
mal ventricular tachycardia) It may also be precipitated by excessive digi-
tafis therapy, but tius 15 more fikely to occur where there 1s afready con
siderable structural damage to the heart Unhke auncular tachycardia,
which 15 often unassociated with any serious heart disease, 1t may gen-
erallv be assumed that ventricular tachycardia mndicates a serious heart
dsorder

It formerly was thought that one could not possibly distingussh at the
bedside the ventricular from the auncular type of tachycardia It was con-
sidered necessary to have electrocardiograms to idenufy them During
recent years, however, some simple clinical criteria have been discovered
which enable one to make fairly accurate diagnoses using onfy those means
that every physician can readily employ in the sickroom It has been
emphasized that in auricular tachycardia the shythm 1s perfectly regular
There are no nterruptions 1n the thvthm In fact the differences n length
of contiguous heart cycles, 1f measured accurately, would not be more than
one-hundredth of a second In ventcular tachycardia, although the
rhythm may seem to be absolutely regular for stretches of many seconds
or even of munutes, one may detect, on careful auscultation, m many
cases, occasional irregulaniies  Secondly, n auricular tachycardia the
heart sounds of the consecutive regular raptd beats are all alike, whereas
1 ventricular tachycardia every now and then the first heart sound will
vary mn ntensity or quality It will become accentuated or muffled or
reduplicated This 1s due to the inconstant relation between the ume of
ventricular and auricular systole Another distinguishing feature 1s the
jugular pulse Here one may see fewer auncular beats than the ventricular
rate as counted over the precordium, and the jugular waves are often
promunent because the auncles may be contracting while the ventricles
are 1n systole Finally, the vanous ployed 1o late the
vagus nerve which may end an attack of auncular tachyeardia will never
infiuence the rhythm of ventncular tachycardia These criterna together
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with the generat climcal differences such as the assoctation of the one with
functional heart disease and of the other with grave coronary disease
should make 1t possible to recogmze ventricular tachycardia faurly accu
rately even without special apparatus

The beginming and ending of an attack of ventricular tachycardia are
abrupt and ostantaneous just as i other forms of abnormal rapid heart
action The rate during the attack 15 usnally between 150 and 200 but
occasionally a higher rate 1s reached When 1t occurs without orgamic
heart disease these individuals may complain merely of palpstation al
though even this may be incapacitanng When, as more frequently hap-
pens, 1t develops duning the days that follow an attack of acute coronary
thrombosts 1t presents 2 serious complication of an already grave condi-
tion This complication may of itself prove fatal Proper recogmuon of the
condition becomes very important masmuch as treatment may be effective
1n restoring the heart to a normal rhythm

Treatment

It has yust been mentioned that measures hke carotid sinus pressure or
ocular pressure are meffective 1n arresting ventricular tachycardia Like
wise digitalis has no beneficial effect on thus conditan In fact there s
evidence that digitahzation may tend to prolong such attacks and accel-
erate the rate further I studied one instance in which the heart rate rose
from 145 to 180 as the patient was given full doses of digitalis The drugs
that can restore a normal mechanism when ventricular tachycardia s
present are quuudine and pronestyl There 15 reason to behieve that the
mechanism mvolved 1n the condition 1s a circus movement just as 1t 15 1n
auncular fibrillation and aurscular flutter, only in the former the circus s in
the ventricles and 1n the latter 1t 1s 1n the auricles It 1s logical to mfer that
the action of quintdime 1n breaking up this arcus 15 likewse the same 1
those two conditions It has been my expenence that qmmdine has been
effective 1n a larger proportion of cases of ventnicular tachycardia than 1
those of auricular fibrillation

The therapeutic dose of quimidine 1n this condition 15 vanable and has
to be determned mdwvidually 1n different cases One patient who had no
organic heart disease but complamned of frequent attacks of palpitation,
which were proved to be due to ventricular tachycardia, remamed entirelv
free from artacks as long as she took 03 gm of quinidine three times a
day Other mstances, i which the attacks occurred dunng coronary
thrombosis, were controlled by doses of 0 4 and 0 6 gm three tumes a day
One patent with mutral stenosis auricular fibnllation and ventricular
tachycardia required 0 8 gm to stop the tachycardia and doses under 0 8
gm three times a day faled to prevent 2 return of the condstion He
maintained a normal rhythm for many months while talung the larger
dose (08 gm ) Finally, one very striking case of coronary thrombosis m
which this treatment was actually Iife saving required 15 gm five times
a day for several days both to stop an attack and to prevent 1ts return,
smaller doses having proved to be meffective In the last instance we dared
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to give such large doses because the condition of the patient seemed
otherwise hopeless and 1t was found that smaller doses had had a partial
effect 1n slowing the ventricular rate from 200 to about 150 Thus slowing
of the ventricular rate on increasing doses of quinidine 15 almost a con-
stant finding At times the rate keeps slowing with each large dose, only
to return to the ongmnal level as the effect of the drug wears off On rare
occastons a Jarge dose of atropme given subcutaneously while the rate was
partially slowed by qumdme promptly restored the heart to a normal
rhythm In selected cases qumdine may be given mtramuscularly or even
mtravenously Qumdme hydrochloride (Brewer) and quimdine lactate
(Lilly) may be used for thus purpose It has been suggested that atabrine
gven mtramuscularly 1 doses of 03 t0 06 gm m 10 cc of 1 per cent
novocamn has caused regulanzation 1n cases of aurtcular fibrillaton, flutter
and 1 ventricular tachycardia 1n one or two hours when qumdine has
fatled The physician will have to weigh the circumstances carefully before
employmg methods of therapy that entail some nish It 1s, therefore, evi-
dent that the judictous use of qumdine m ventricular tachycardsa may be
of considerable value and on rare occasions hife-saving

Magnesium sulfate (20 to 40 gm intravenously) may also stop ven-
trcular tachycardia mnstantly I have seen patients in whom the attack
stopped within one munute In others it faled when quumdine admums-
tered intravenously was successful Another treatment suggested 1s the
mtravenous use of morphine The dose given 1s about 0015 gm and
may be repeated 1n one-half to two hours The effect 1s supposed to take
place n thirty to sixty minutes As yet I have had httle experience with
this treatment Potasstum salts on very rare occasions may be helpful 1
saw a patient who had ventricular tachycardia for six weeks He had
failed to respond to large doses of quinidine given orally and intraven
ously Finally reversion to a normal rhythm occurred after three doses of
potassium acetate (20 gm each) given orally at two hour intervals Fol-
lowing regulanization this patient lost 12 Ibs of edema

The most recent drug to be used for paroxysmal ventricular tachy
cardia 15 procamne amide (pronestyl) This 1s given intravenously m doses
of about 10 gm 1 a volume of only 5 cc and may be injected within
three to five munutes It appears to be safe and have very few untoward
effects T have seen 1t produce prompt reversion 1n a few munutes This
may prove to be the procedure of chorce It also can be admuimstered m
oral tablets (10 to 20 gm daily) to prevent recurrences and 1t 1s useful
1n the treatment of ventricular extrasystoles as well It apparemly has
Iittle beneficial value 1o supraventricular arrhythmas

DIAGNOSIS OF TYPES OF PAROXYSMAL RAPID HEART ACTION

As an aid mn the diagnosis of the vartous types of paroxysmal rapid
heart action a composite figure of the effect of vagal sumulation on these
arthythmias has been constructed (F1g 74) A study of this figure will
enable the physician to visualize the results obtained by simple physical
exarmnation The first tracing shows the effect of nght carotid pressure.
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1n a normal heart There 15 a gradual slowing and a smooth retum to
the ongnal rate The second curve shows a similar slowing effect when
normal tachycardsa 1s present This patient had an acute coronary throm-
bosis and the raprd heart rate made me wonder whether he had flutter,
1 fact the app e of the elect d on first glance suggested
this diagnosss The gradual slowing of the heart with a smooth retumn to
its onginal rate ehmunated this diagnosis The third case illustrates a
typical arrest of an attack of auncular tachycardia One observes the
abrupt cessation of the rapid rate with a prompt resumption of normal
beats Interruptions dunng the transition due to extrasystoles or vagal
effects are common No other type of rapid heart acton 15 completely
controlled 1n ths fashon

The fourth tracing shows the effect of carotud pressure m aunicular
flutter The ventricular rate 13 promptly slowed (although the auricular
rate remans unaffected), but there follows an ‘ rrregular  return to the
previous rapid rate The pomnt that distngushes flutter from normal
tachycardia 1s that as the vagal effect subsides the ventricles return to
therr ongmal rate ;m a jerky fashion After a short cycle a longer one
may appear, then another short one, until finally the constant rapid rate
15 Thus 15 10 be compared with the second tracing where 1t may
be seen that each beat becomes shorter and shorter until the ongmal rate
1s restored The fifth set of electrocardiograms illustrates the events 1n
auncular fibnllaton The rhythm 1s grossly irregular at the start, becomes
slower during the vagal sttmulaton and then returns to its orginal abso-
lute arrhythmua The final curves are those of ventrcular tachycardia
Here no effect whatever 1s produced Very shght xrregularmes whuch are
fairly ch wstic of this the tracing

When the changes that have been described are translated mto corre-
sponding auscultatory findings obtamed over the precordrum, 1t 15 strik-
mg what accurate diagnoses can be made by simple bedside methods
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Acute Cardiovascular Emergencies

A practicing physician 15 often confronted with apparent or real circula
tory emergenctes and needs to have some basis for making quick decisions
One of the most important of these decisions 1s whether or not the situa-
non 15 sertous A famnting spell may be quite bemgn or ndicative of a
very grave disorder A sudden severe pamn may be a stmple cramp or a
spasm or may be due to an embolus An attack of suffocatron at mght
may be due to a spasm of bronchial asthma which will shortly leave the
patient none the worse or it may be one of acute pulmonary edema The
purpase of the following discussion 1s to consider some of the more com-
mon cardiovascular upsets 1 which the patient or his family are apt to
call the physician suddenly because they beliese a serious emergency
exusts

Benign Syncope

One of the commonest sudden circulatory upsets 1s a fanting spell
Simple syncope 1s not very frequent in orgamc heart disease There are
many patients with valvular or myocardial disease who never fant and
when a brief loss of consciousness occurs 1t 15 not always related to the
organic lesion found in the heart The only valvular disease in which
syncope occurs with any frequency is aortic stenosts This complication
was discussed previously (Chap 4) Occasionally the onset of any form
of paroxysmal rapid heart acuon (Chap 13) 1s associated with syncope
In most cases a sumple famnnng attack 15 a benign event occurnng
otherwise healthy individuals The precipitating factors for this are varied
The sight of blood, an overheated or crowded room, a sudden fright or
the prick of a needle at the ume of a vaccne mjection or as blood 1s with-
drawn for a Wassermann test, all may make some people famnt Another
common cause 15 standing erect and fairly motonless for a constderable
length of time A sudden change of posture from the recumbent to the
upright posttion 1s another cause of fanting All these are inumately
related to the mervous control of the vasomotor apparatus In most of
these loss of would not have occurred had the
indrvidual teen recumbent [here 1s apt to be a splanchnic dilatanon and
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a temporary cerebral anema which naturally becomes aggravated 1if the
body 1 1n the upnight posiion For this reason 1t 1s customary to lower
the head berween the hnees to revive one who has fanted

If a person 1s scen during a fant 1t will be observed that he quickly
grows pale and at the outset there 15 a fall in both the heart rate and 1
the blood pressure Generally these early changes are not noted because
by the time a physician armves the heart rate has nisen and the nonmal
blood pressure level has been restored There 15 much m this upset that

bles a vagal expl or a remporary hypervag state In fact

1 recall once seeing a young man who could fant at will After suddenly
changing his position from recumbent to upright several times he would
always famnt For an hour or so after a subcutancous ijection of 20 mg
(3% gram) of atropime sulfate, he could not be made to fant It appeared
that atropine paralyzed the vagus and prevented the reflex from taking
place This need not be the only or even the most common mechanism
that controls bemign syncope The sympathetic nervous system may ke
mvolved 1n some reflex way that permits changes 1 blood pressure
From a therapeutic pomnt of view 1t 1s wise to try tincture of belladonna,
10 drops after each meal or ephedrme sulfate 0 025 gm three tmes a day
when such attacks recur wath sufficent frequency to mernt medication
‘Weanng a tight abdominal corset may also be of some value It 1s hardly
necessary to recall that sudden massive mternal hemorrhage needs to be
thought of as a possible explanation of a fanting spell When no organic
drsease 15 present, a patient having bemgn syncope should not be restricted
1 hus acttvities and he should be assured that hus heart 1s sound

There are frequent instances 1n which syncopal attacks remamn unex-
planed, even showing nothung abnormal during the attack except for the
state of unconsciousness The heart, pulse rate and blood pressure may
remam unchanged Subsequent postmortem exammnation may fail to throw
Iight on the mechantsm of such eptsodes I have seen frequent attacks of
unconsciousness of this type n a patient who eventually showed three old
coronary thromboses Syncopal attacks may also occur for some unknown
reason 1n cases of cortical atrophy or cerebral sclerosis In these cases one
can assume that transiens cerebral spasm takes place

Epilepsy

Obviously berugn syncope of the type just described needs to be dis-
tngushed from petit or grand mal The difficulty 15 not great if one
witnesses the attack for there 15 no change n the pulse rate 1n epilepsy
T have made the error of confusing the two conditions when judgment
had to be made from the history alone The famly history of epilepsy,
the occurrence of an aura the loss of sphincter control, the occurrence of
convulsions and the postparoxysmal headache or sleep may help to dif-
ferentate the two It 1s obvious that cardiac therapy would be of no avail

n syncope due to epilepsy but that mstead phenobarbital or dilantin
would be used
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Adams-Stokes Syncope

There 15 one condition 1n which syncope 1s a major and charactenstic
event and 15 the result of serous disease of the heart, 1 ¢ , Adams-Stokes
disease Here sudden unexpected pamnless unconscious spells occur with
or without convulsions These attacks are due to a sudden failure of the
ventricles to contract or a sudden marked slowing of therr rate The
seventy of the paroxysm will 1n a large measure depend on the duration
of ventricular asystole If thus only lasts several seconds, the patient merely
feelsa Dight wave” come over hum If 1t 1s Jonger he wll lose conscrous-
ness and fall If it lasts sull longer convulsions occur and if the beat 15
not resumed after a few mmutes, death ensues When the attack ends the
patient may feel perfectly well and be ready immediately to resume hus
former state These attacks come suddenly, generally without warmng or
aura and with varymg frequency In some the spells are rare, 1 others
there may be many durng the same day, even producing a “status epi-
lepticus

The treatment for the syncopal attacks of Adams-Stokes disease, apart
from whatever underlying condition may ewst, 1s ephedrine or adrenaln
‘The former 15 given 1n doses of 0 025 to 005 gm  § to £ gran) by mouth
two or three times a day and the latter subcutaneously 1 doses of about
0310 05 cc of 1 1000 soluton Propadrine may be subsntuted for
ephedrine, the dose betng the same When the situation seerns urgent and
1mmedaate effects must be obtamed adrenaltn should be used and repeated
as often as seems necessary, even every two hours in some cases When
attacks recur at very rare intervals, 1t 1s hard to evaluate any therapy, but
ephednine may be tried by mouth There are rate instances m which
adrenahin has been injected directly into the heart during a prolonged
pertod of asystole with recovery of the patient (Chap 21, Fag 104) It1s
obvious that under such circumstances a subcutaneous mjection would be
useless as blood flow has already ceased and no absorption would take
place There 1s also suggestive clmcal and fairly sound pharmacologic
evidence 1n support of the value of banum chlonde (0 03 gm four tumes
a day) 1n the prevenuon of recurrent attacks of this sort Other measures
that seem occasionally to be useful are inhalations of 1 100 adrenalm
solunion, full doses of atropine, metrazol intramuscularly or by mouth,
thyroid extract and complete digitalization

Ventricular I ibrillation

Another type of syncope that results from a disturbance of the mech-
amsm of the heart beat 1s one due to ventricular fibnllaton Although
this 15 generally a fatal condition and very likely one of the causes of
sudden death 1n patients with coronary artery disease, rarely 1t 15 & transi-
ent phenomenon When 1t occurs the ventricles actually stop beatmg and
fail to eject blood imto the arculanon If contractions are not quickly
resumed death results This mechamsm 1s apt to follow a preliminary
penod of ventrcular tachycardia or frequent ventricular extrasystoles
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(Chap 21, Fig 103) When 1t can be estabhshed that syncopal attacks are
due to such disturbances, quimdine sulfate (02 to 03 gm three times a
day) should be tried, as both from a theoretsical and a practical pownt of
view such medication may do away entirely with the attacks or at least
dummsh thexr frequency or seventy

Carotid Sinus Syncope

Quite a different type of syncope that particularly has been studied 1n
Tecent years 15 that which results from carotd sinus srrtability Soma
Werss and hus coworkers discovered a considerable group of people with
hypersensitve carotid smus reflexes, some of whom are prone to famtng
attacks It has long been known that pressure over the carond artery can
often slow the heart beat and this mechamsm has been used to stop attacks
of paroxysmal tachycarcha (Chap 13) and to study certamn cardiac arrhyth-
mmas, especially aunicular flutter and heart block It previously was thought
that the method of action of this manipulation was by direct sumulation
of the vagus nerve which lies beneath the carotid artery It was shown,
however, by Hering that this 1s not the correct explanation, but that the
effect 15 produced by wrrtaton of nerves surrounding the carond artery at
ats bifurcation mnto the internal and external branches which produces
reflex effects (carond sinus reflex) Although under normal condrtions the
carotd sinus undoubtedly serves an important role 1n regulatng certamn
bodily functions related to the blood pressure level, the heart rate, the
effect of changes in posture and other cerebral phenomena, in some ndi-
wviduals the sensitvity of this region 1s increased and results m a tendency
to dizziness, syncope and convulsions This occurs more frequently mn
patients with arteriosclerosts or hypertension but may be present without
such changes Increased semsivity of the carotd sinus may also result
from local wrrtation produced by a neighboring gland or a tumor 1n the
neck In some cases syncope 1s apt to occur as a result of a twist of the
neck to one side or the other or to a pecubar position of the head from
wearing a hugh collar
‘Whenever 2 problem of syncope anses that 1s not readily explamed by
some other cause the patient should be tested for carotid smus sensttiviry
The proper part of the carotid artery should be sought for and will gen-
erally be rdenufied by the finding of a local bulge or promumnence at its
bifurcation Farst light and then more firm pressure and irnitation should
be applied, preferably with the patent sittng rather than recumbent
The pressure should be exerted for several seconds first on one side and
then on the other Pressure should not be contmued for more than a fey
seconds at a time because 1f the carond circulation 15 shut off for too long
hemiplegia may result When a positive result 15 obtamed the p
complamt of syncope will be reproduced and there 1s apt to result a fa))
of blood pressure or a slowmng of the heart, although syncope 1may even
take place without these effects When the attacks of syncope cag be
ascribed to an increased sensiuvity of the carotid sinus, 1t has been shown
that the admmnstration of daily doses of ephedrine sulfate 250350 D0
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tsso to four times a day) may be effective i preventing such attacks Ou-
casionally atropine or nuncture of befladonna (10 drops three times a day)
may also nfubit the attacks On the rare occasions 1 which a local rumor
ot gland 1s résponsible for the attacks, removal of the cause 1s curatne
Furthermore, Werss and hus collaborators obtamed some permanent cures
m a small number of cases bv resecting the nerve plesus from the caroud
artery Fmally, Rav and Stewart report some cures i cases of carotid
sinus syncope by mtracranal section of the glossopharyngeal nerve

Cerebral Accidents

Sudden prolonged unc 15 ¢ Iy due to cerebral hem
orchage or thrombosss, subdural hematoma or cerebral embolism With
all these there 1 apt to b paralysis of one side of the body and f the
speech centers are mvolved aphasia also results It 35 ymportant to reahze
that cerebral hemorrhage occurs m older perons with hypertension
When a sudden hemiplegra develops with or without unconsciousness 1
one who has not a sigmificant hypertension there are several conditions to
bear m mund One must think of syphibs of the bram, polycythema,
Buergers disease and bran tumor When sudden paralysis occurs
younger people, espeually when ocular muscles are involved, a rupture of
a small mntracramal aneurysm must be suspecred Such apeurysms are
thought to be due to congenital deformation and not to syphilis Dinally
embolism to the bran may cause sudden unconscrousness or hemplegta
Some evidence of previous heart disease will then be discovered It occurs
mainly under four sets of circumstances——mutral stenoss, aurtcular fibrils
lation, cardac infarction and bactenial endocarditss W hen 1t 15 assoctated
with the first two an embolus becomes dislodged from a stenle mural
thrombus 1 the left auncle When it develops from the thurd condstion
the embolus anses from a mural thrombus mn the left ventrcle that resulted
from an mnfz of the farure following a coronary thromb:
Stersle mural thrombs may be present in the cardiac cavines for jears
without doing any harm and at present there 1s no way of detecting their
presence or of predicting whether embolism will result In bactersal endo
cardins septic embols are dislodged from the vegetations on the affected
valves

There 15 one aspect of cerebral embolism which has not been explored
but which may be of mterest It has impressed me that most patents
with mutral stenosis compheated by cerebral emboh have lutle or no
dyspnea In general they have fauly good funcuon and have been able
10 hie quite flat in bed On the contrary, cerebral embols are very rar¢
mutral cases with advanced cardiac fatdure or with orthopnes One won-
ders whether or not the upnight posison of the neck and head makes 1t
more difficult for the small thrombus, distodged it the blood stream, 1
g0 up the carond artenes If the clot 15 heavser than blood )t would reman
i the lower portson of the stream and spare the cerebral crcudation
Other possible explanations are that with advanced fadlure the velociry of
blood flow 15 decreased and this would tend to dimmsh the hikelihood of
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emboli or that emboli are dislodged scon after mural thrombr develop
IF the latter 15 true 1t would account for the occurrence of embolr early
rather than late 1 the progress of murral stenosis or auncular fibnllation
Thss problem needs further mvestigation

It has been stated that cercbral hemorrhage occurs with bypertension
It 15 mmportant to reahize that the elevaton m blood pressure 15 very apt
to persist after the rupture of the cerebral vessel even f the pauent 15
unconscious ‘T herefore, one should hesitate to regard the condition as due
to cerebral hemorrhage if the blood pressure 1s normal It may be found
to be due to one of the other causes previously mentioned At umes one
15 thereby led to suspect the presence of 2 mural thrombus 1n the heart
or cardsac mfarcuon Fally, sudden paralysis of one side of the body
may take place only to disappear i a few hours This may even be re-
peated I have seen complete temporary hemiplegia recur several tumes
dunng the course of 2 week 10 a man with hypertension Thus very Iikely
15 due to transient spasm of the cerebral artenies and not to any permanent
occlusion or ruptuze of a vessel It 15 clear, therefore that sudden cere-
bral acodents present a problem 1o differential diagnosis and that they
should not be too seadsly regarded as mnstances of an ordmary apoplectic
stroke

The prognosss for patents having these cerebral acaidents wall naturally
vary considerably These hemorrhages are almost never mstanty fatal In
thys respect they duffer from coronary attacks, which often kill mstantly
When coma develops and contigues for more than a day or so the outlook
15 grave A shight fever and leukocytosts are common findings and are
merely the result of the cerebral mnfaret or of the extravasated bloed A
hyp b hop 15 & freq pl; dunng the early
days following a cerebral accident mn elderly people and 15 apt w0 prove
fatal 1f not weated If the pauemt survives the first week he generally
recovers When paralysis has occurred some tecovery of function 1s the
tule and on the whole improvement i the power of the leg 1s greater
than that of the arm In some, although physical recovery may be satis-
factory permanent mental smparrment may result

If the diagnosts of cerebral embolism ss smade promptly st may be
worth while 1o try an mjection of the stellate ganghon with procasne
Some prompt benefictal results have been reported Inasmuch as this 15 2
fauly simple procedure and there is lutle ¢lse that one can do therapes-
treally 1t seems justifiable

The treaument for cerebral vascular acadents 18 supportne  Occasion-
ally fumbar puncture 15 performed or hypertome salt solutton or mag-
nestum sulfate 15 given by mouth by rectum or ntravenously 1o dimush
wmuracramal pressure The sesults from these methods of treatment have
not been very mmpressive and the same may be sad of phlebotomy If the
spnal flud 35 bloody or st 15 under increased pressure repeated punc
tuses may be helpful Caffeine sodium benzoate given ntramuscularly
full doses (05 gm ) may be useful as a resprratory stmulant and digitabs,
1f there are indicattons for 1ts use such as auricular fibrillation or congestive
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heart falure When 2 localized subdural hematoma 15 suspected trephin-
g the skull or exploratory operanons would be indicated At times
X-ray examunation may teveal dislocation of the pineal gland and thereby
gude the surgeon to the correct side for operation Even exploration of
both sides of the brain may be necessary to find the localized blood clot

Paroxysmal Dyspnea

A common cause for sudden alarm and one for which the physician
may be hurriedly called 15 a paroxysm of dyspnea or palpitation Paroxys-
mal dyspnea 15 most apt to occur at mght and 15 often associated with
Cheyne-Stokes breathing It 1s common 1n hypertensive heart disease, m
Inetic aortic insufficiency and m disease of the coronary artertes It occurs
much less frequently mn rheumatic valvular disease The patient ts awak-
ened from sleep with suffocation and air hunger He 1s aguated and
develops a cough and a wheeze The typical picture of acute pulmonary
edema with abundant pink frothy sputum may follow The patient often
has a cold sweat and struggles for arr The attack when muld may last
only fifteen minutes to a half hour and be followed by a farrly comfortable
sleep When 1t 1s more severe the dyspnea continues uncontrolled and the
pauent s Iife seems to be at stake It 1s generally wise for the physician to
admunster a hypodermuc injection of 0010 to 0015 gm (3 to § gram)
morphine and 06 mg (335 gram) atropine Within fifteen munutes after
such treatment most of the attacks subside Occasionally a phlebotomy of
500 cc 1s extremely valuable Thus 15 more beneficial 1f hypertenston 1s
present The same result may be approxumated by applying tourniquets
to the extremities, thereby producing peripheral venous stasis After the
acute emergency 1s over adequate digitahs should be given to control
future attacks Another therapeutic measure that 1s often effectrve 1s the
intravenous mjection of ammophylline (0 24 to 048 gm ) Thus may stop
an attack 1n five to ten mnutes It 15 also valuable m spells of acute bron-
chial asthma

Paroxysms of dyspnea occur 1 still other conditions and for other
causes than those just descnibed Occasionally dyspnea and even acute
pulmonary edema 1s the imnal event m acute coronary thrombosis and
treatment will then have to be directed accordingly A patient may have
a pulmonary emboltsm or nfarct of the Iung and be taken with sudden
breathlessness and generalized pulmonary edema It must be remembered
that hemoptysts or bloody sputum frequently s absent in these conditions
Furthermore, a sudden increase 1n heart rate due to paroxysmal rapd
heart action of one form or another may quickly produce ar hunger,
especially 1f 1t develops mn one who already has sigmificant organic cardio
vascular disease The differential diagnosis and treatment for these par-
oxysms have already been discussed (Chap 13) Suffice 1t to say that such
disturbances 1 the mechanism of the heart beat must be sought for
because the proper treatment, which 15 generally very effective, will depend
on accurate diagnosts In the ordinary case of paroxysmal dyspnea (so-
called ¢ cardrac asthma ) the heart rhythm remams normal and the rate
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only shghtly accelerated In these other conditions the rate 15 very rapid
and the rhythm may be either regular or irregular Some pattents will
require large doses of digitalss, others may be readily controlled by pres-
sure over the carotid sius or the eyeball and a third group will require
quinidine therapy, depending on whether the parocysm 1s due to aunicular
fibnilfanion or flutter m the first instance to auncular tachycardia n the
second or to ventnicular tachycardia n the final instance

Pulmonary Embolism and Infarction

Sudden dyspnea or pam n the chest or both may be due to a pul
monary embolus The cond: may closely late an attack of coronary
thrombosis The clincal features of the latter have already been dis-
cussed (Chap 6) and need not be repeated A large pulmonary embolus
may cause death within five or ten munutes It rarely kills as mstantly (1
seconds or a munute) as does a coronary attack Frequently the agony lasts
Jonger and 1 many nstances recovery occurs Infarcnon of the lung need
not take place duting the early minutes or hours of such an attack as a
longer time 1s required to produce these changes The chimcal features
will vary considerably depending on the size of the pulmonary embolus
and upon the suddenness of the occlusion It must also be borne 10 mund
that pulmonary thrombosss can occur because of local changes ut the lung
that 1s congested and 1s not always due to embohsm

The most alarming and sudden cases are due to emboli dislodged from
peripheral veuns, espectally those of the leg and the pelvis Such venous
thrombosss 1s common after surgical operations on the abdomen and em-
bolism may occur whether there has been chimcal evidence of phlebitis
or not These accidents are most common about ten days postoperatively
but may develop any ume Attention has recently been called to the fact
that fatal pulmonary embolism may result from deep seated phlebitss fol-
lowing apparently mnocent traumatic imurnes of the legs In patents with
organuc heart disease pul y embolism follows the dislodg of bits
of mural thromb: from the nght auncle especially when rmtral stenosis
or persistent auncular fibnllatton has been present

Pulmonary embolism or thrombosts may cause sudden dyspnea with or
without chest pan The breathung may have a pecubar character, as if
the pauent has a foreign body 1n his throat—a gasping struggle with the
mouth widely open, hke a fish out of water but very Iittle air 15 mspired
When pamn 1s present 1t rarely has the radiation to the arms that character-
1zes coronary thrombosis Cyanosis 15 also vamable Sudden famt feel-
mg or actual loss of consciousness without any pain 1s a common sttal
symptom Frequently 1t will be observed that the pulse and temperature
had been nsing for a few days before the more dramatic acute mansfest-
atton of pulmonary embobsm tock place These premomtory features
are probably due to the underlying thrombophlebitis The picture
of shoch 15 frequently present as in coronary thrombosts If the pa
tent survives the first twelve hours, fever and leukocytosts develop
When infarction of the lung results hemoptysis can occur Bloody sputum,
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tea tf dure When a tocalized subdural hematoma 1s suspected trephm

wg the kull or explor. ory operations would be indicated At times
% rav extmination may reveal di location of the pineal gland and thereby
gu de the surgeon to the correct side for operatton Even exploration of
both sides of the brain may be necessary to find the localized blood clot

Paroxysmil Dyspnea

A common cause for sudden alarm and one for which the physician
m1y be hurriedly called 15 a2 parovysm of dyspnea or palpitation Paroxys
mal dyspnra 1 mo t apt to occur 1t mught and s often associated with
Cheyne Stole breathirg Iris common 1n hypertensive heart disease, m
luetic aorne muff e~ un 1 in disease of the coronary artenes It occurs

nurhles fey t ' 1wc valvalar disease The pauent 1s awak
ned froi um and arr hunger He 1s agitated and
't elop The typical prcture of acute pulmonary
ed=nti 1y <putum may follow The patient often
“a o~ arr The attack when muld may last
~nd be followed by a farly comfortable

r dvspnea continues uncontrolled and the

i L 1 Ttis generally wise for the physician to

1 0 110f 0010 to 0015 gm (§ to } gram)
Lhoo atropme Within fifteen munutes after
rbhrom > subside Occasionally a phlebotomy of

N ¢ Vs 1s more beneficral 1f hypertenston 15
e h ot approximated by applying tourniquets
ot evinar > oduung peripheral venous stasis After the
«Cute emergency ~ucquite digitalis should be given to control

future attacks Anotuier tnerapuric measure that 15 often effective 15 the
ntravenous mjection of aminc phylline (024 to 048 gm ) Thus may stop
an attack 1n five to ten minutes It 15 also saluable 1n spells of acute bron
cmal asthma

TParoxysms of dysprea occur 1n stull other conditions and for other
causes than those just described Occasionally dyspnea and even acute
pulmonary edema 15 the mnal event 1n acute coronary thrombosis and
treatment will then have to be directed accordmgly A patient may have
:P“}‘“_mmr) embolism or nfarct of the lung and be taken wath sudden
tI:Mh and lized pul v ederma It must be remembered

at hemoptysis or bloody sputum frequently 1s absent 1n these conditiofts
Turthermore a sudden tacrease 1n heart rate due to paroxysmal raptd
heart action of one form or another may quickly produce arc hunger,
especally 1f 1t develops 11t one who already has sigmificant organc cardso
vascular disease The differential diagnosis and treatment for these par-
oxysms have already been discussed (Chap 13) Suffice 1t to say that such
disturbances i the mechanism of the heart beat must be sought for
because the proper treatment, which 1s generally very effective, will depend
on accurate diagnosss In the ordinary case of paroxysmal dyspnea (50
alled  cardiac asthma ) the heart rhythm remains normal and the rat¢
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of the limb and disappearance of the artersal pulsation usually means an
embolus Many physictans still confuse artertal occlusion and venous
phlebitis In the latter condition the Itmb 15 not cold and there eventually
develops swelling, whereas m the former there 15 no swelling and the
tcmperature of the affected part falls Some panents with embolism recover
on symp 1c treatment Embol y together with hepann therapy
has been practiced at imes with excellent results and at other tmes with

out success It 1s best performed durnng the first six hours after the onset

The use of an apparatus which produces aruificial alternate suction and
compresston of the imb may be of aid 1n this problem and make embolec-
tomy y When has already developed in a hmb, am

putation will be necessary Newer methods are being tried such as pro-
came hydrochlonde injections 1n the lumbar sympathetic system and
freezing the limb mnvolved

Paroxysmal Rapid Heart Action

Any of the forms of paroxysmal rapid heart action discussed m the
previous chapter may be the cause of a cardiovascular emergency When
organic heart disease already 15 present, though compensation may be ex-~
cellent or even if the heart 1s structurally normal, a sudden change of rate
from 80 to 160 or 200 may produce a state of collapse or shock or sudden
acute pulmonary edema At tmes with the onset of such a rapid rate
actual syncope may take place and m some cases anginal pain may occur
The physician should make every effort to examune the heart during the
attack 1 order to establish the exact type of abnormal rhythm that 15
responsible for the treatment (see Chap 13) will vary with the different
forms

Acute Hemorrhage

Many nstances of acute hemorrhage have obvious causes and present
an emergency situation A massive nusebleed a large hemoptysis or
presents mdivid T 15 then directed at
the underlymg condinion whether 1t 1s hypertension pulmonary tuber-
culosss, cirrhosis of the liver or pepuc ulcer Occasionally with extensive
internal bleeding diagnosis may become very difficult Hypertensive pa
tients may have acute hemothorax or hemopentoneum Of particular
imterest are cases of acute and massive gastromtestnal bleeding Because
of the sudden shock and collapse these patients may resemble those with
coronary thrombosis Only mn a day or so, when a dark or tarry stool 1s
passed, may the true nature of the disease become apparent Furthermore,
dunng the state of shock accompanying severe hemorrhage coronary
lops as a complication This ncreases the
dliﬁculty m dxtferennal diagnosis

It can be readily seen from the foregoing discussion that the emer-
gencies m cardiovascular disease are numerous Sudden events and
changes 1n the chinical condition of the panent are found to have a hm
ited number of causes They require a mechamsm that can produce a
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sudden alteration 1n the blood supply of an indmndual part of the body
or that suddenly changes the mechantsm of the heart beat A blood vessel
can rupture or become partially or completely occluded The heart may
suddenly take on too rapid or too slow a beat as a result of a disturbance
in the normal rhythm Finally, certain sudden nervous influences or
reflees may be set at work producing vasomotor changes or alterations
in the blood pressure resulting 1n syncope They all require mndividual
analysis, for without this, intelligent treatment cannot be carried out
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Medicolegal Aspects of Heart Disease

Physicians have become more and more concerned with the relauon of
trauma to heart disease The decistons that need to be made by courts,
mndustrial accrdent boards and insurance compames often require medical
opuons as to the exstence of heart disease or the possible development
or aggravation of preewsting heart disease following trauma or accidents
We physicians have had little to do with the formulation of the existing
laws and may believe that some are imperfect or even unwise That 1s
not our present concern It 15 expected that we should offer mtelligent and
honest opimons as to the medical problems mvolved, leaving it to the
judge and jury to mnterpret the law 1n the Iight of these facts and opinions
As an 1illustration of a situation that seems unfar or at least unwise,
the following may be mentioned Two men were mjured i the same way
while walking and died several months following the acaident, 2s a result
of the myuries recened One was a young man 25 years of age who was
perfectly well, and the other was a man 68 years of age who was known
o have had hypertension and angina pectons In the first instance the
young man s life expectancy was shortened forty years or more, while 1n
the second 1t was shortened possibly two or three years In the eyes of the
law mn many courts or industnial acadent boards the damages for the
death of the two individuals would be identical It would seem more just
from a socwologic point of view to differentiate the toral amount of harm
done to an mdividual by a speafic acaident according to the Iife expec-
tancy, when a known organic condition exists Thus and other aspects of
the problem are making 1t difficult or impossible to obtain employment 1n
industry for pauents wath heart disease, even when the cardiac abnor-
mality 15 trivial
There ar¢ many cir m which a pt 15 unable to answer
questions of cause and effect 1f heart problems arise after acadents The
expenence of most of us 15 confined manly to the ordinary progress nf
heart disease Our knowledge concerning the effects of trauma on the cor-
culanion 15 mted Because of thus lack of knowledge, the honest phy 1020
15 often compelled to say he does not know whether a certam blaw tn <he
leg or chest or a fright can cause myocardial mjury or any given arshyec.
ma He may reason to the best of hs ability and decide that the pareyy, 4
abnormality could not ke or was a very unlikely result of the acaidere, 5 «
239
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mmght state that the cardiac condition was a comncidence or was present
before the acadent, or was the result of the natural progress of disease
He would be influenced by Ius imited theorencal knowledge and by the
fact that he had not associated such a causal relattonship in lus general
pracnce  Swmilar pomts of view have been taken 1n the past concerning
certain matters, only to find that years later such opimions were wrong A
good example of this 1s pam 1n the back following severe injuries When
such pan continued for months or vears and physical examnation mclud
1ng x ray studies revealed no abnormahty, the condition was often called
neurosss of ‘railread spine  In some cases 3t would even be inferred that
the panents were mahngenng No doubt many of these cases were func-
tonal or neurogenic but we know now that some were due to a dislocated
and compressed intervertebral disk Only 1n recent years has this condition
been recognized

The same situation exsts 10 relation to heart disease Formerlv 1t was
difficult to understand how a patient mught develop angma pectorss or
symptoms of coronary artery disease following rauma If a man com-~
planed of anginal symp after an d Ip ly tool the
position that he must have had symptoms of thuis before but was not
telling about them The most that one could admit was that the condition
was aggravated by the accident Through the interest of Warburg i
Denmark and Beck and Beas 1n this country, we have learned that direct
blows to the chest, even without fractures of ribs or actual abrasion of
the skin, can traumauze the heart muscle or coronary arteries so as to
produce symptoms of coronary msufficiency The sweenng wheel * acar-
dents that are so common now are good examples of the type 1n which
contusion of the heart muscle occurs There are now well authenucated
cases 1n which after an acadent there developed defimite angina pectons
or coronary thrombosis Even instances of rupture of the heart or of a
valve have been observed These cardiac conditions not only may result
from durect trauma of the chest, but also from severe mjuries to other
parts of the body or as a result of very severe and unaccustomed strain 1
recall seeing an instance of a ruptured mitral valve which resulted from
the severe stram of rowing a boatm a storm  Che ruptured valve was found
on postmortem ¢ In this case g dyspnea and conges-
use fatlure developed, the man dymg several months after the strain

Of considerable importance from a medicolegal point of view 15 the dif
ferenuation of pulmonary embolism and coronary thrombosis Thas prob
lem has alreadv been discussed 1 Chapter 6 It may be emphasized that
after traumanc acaidents, espeaally those involving fractures or bruises of
the legs and the appl af casts, thrombophlebitss and subsequent
pul y emboh are and that they are often musdiagnosed as
posterior myocardial mfarction Oceasionally disinterning the body even
months after death has clanfied the situanon (See pp 117-118)

Arrhythmuas of the heart may also result from unusual physical or
mental stran Many such cardiac irregulanties produce no significant 1l
effects Others are of more importance I remember seeing a man who
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developed auricular fibrillation directly after falling down an elevator shaf,
In another case, a man who had been operated upon for bypenthyrorde
and had been symptomatically cured had 2 recurrence smmediately afier
beng held up in the street by a burglar The symptoms of hyperthyro 4
1sm with auricular fibrillation promptly returned

The most important pomnt m many of these cases 15 the time relaog
between the accident and the cardiac abnormality If the exact status of
the patient before the accrdent 15 known, 1t 15 reasonable to assume that
new objective or subjective evidence of disability occurTing within mumut
hours or several days 1s due to the acadent Objectne evidence g5 obcs’
ously more rehable than subjectuve It, therefore, 1s 1mportant to \1d
findings such as heart rate and rhythm, blood pressure, elmmﬁr
grams the presence of rales m the lungs, % rays, and so’on a -
possible after an acadent When the physician has 1o dCPm’d 5002 g5
toms, due regard must be had to functional and emotional m;“ Sy
to the possibility of malmgening However, the courts and some h(’ns ad
have had a tendency to muumize the importance of Post tra Physicrany
rosis Many of the soldiers of the Fust World War who s uﬂ‘um:;lc ney
neurocirculatory asthensa have ever since been much more b:n Steze
than others who had fractures of benes or gunshot wounds of th dicepped
or chest In some of these cases the nervous SYmptoms ha ¢ ehdomen
indefinitely, even when the question of war compensation ‘;: €02t sed
mto constderation This has been found to be true 1p afol d not e 2
m England and has 1ts counterpart i ctvil practice W up stdy

The following expenence 1s dlustranve A man of 4 whe
been well and strong had worked steadily for many years 0 hag g,
accustomed to mampulate very heavy steel beams One dzm bag
by a swinging beam and sustamed 2 violent crushing blowy Be wag ke
An arm and nbs were fractured and 1t took a fow mon[hsm -
recovery Wken the pauent became ambulatory he gop, for phe o
ness, palpitaton, dyspnea on effort and tremulousness ed of wezg
classical symptoms of neurocurculatory asthenia T fyyy, a4 e ae 1,
organic heart disease or any other sigmficant organc dis 10 €3 o
this workimg man as bemg 1n a worse condition thay lfha"h‘"‘?f«l
with a permanent limp 1n 2 leg or a contracture of gy ¢ bid =ed
any nervous symptoms I felt certamn that he woulq n::m’ b LR
the strenuous physical work to which he was formey, aq T e, &
afraid that such patients, when we feel that they ar, B U e 1a
treatment m medicolegal controverstes e, teryen, | 2

The tme relation 1s also very important when the ar
tion of a preexisting condition comes up If a new Chzm% L";Z.‘,,m
findings develops a few hours or a few days after an 2 of, Dl
1cal status before the acaident appears to have beep !::7 Sy > or
to assume that some degree of aggravation occurreq 'Y Ty far
if examnation reveals that there was no change for ti,-ui_:
certain disabilities resulted thereafter, it 1s extxen-g]ya Fr “'—:z.h:d,zzd
acadent was the cause of the change In a case ofﬂ.us;:w a2t the

e oot
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acadent was supposed to have aggravated a preesusting mitral stenosts and
auncular fibullation ¥ had relmble data before and after the academt
which showed no change whatever The patent clumed lus breathung was
worse, but I knew that the vital capacity of the Jungs was m no way
affected This enabled me to mamtain that the state of cardiac efficiency
was not altered by the acaident

The man difficulty 15 1 interpreting symptoms When the problem of
angia 15 mvolved, we are so dependent upon the subjective complants
that errors can easdy be made, either for or aganst the interest of the
patient We must first be certan of the diagnosss and then we should
try to get some proof that the angwnal pan 1s more frequent, more severe,
of greater duraton or brought on by less effort If there 15 reason to doubt
the veraaity of the patient, he may need to be ¢ shadowed * m order to
check tus statements  Thus does not come withun the province of a physician
as we are not detectives but rather guardsans of the health of our patients
It may be the work of a lawyer or the insurance company In all these
matters scrupulous care and honesty on the part of the examining physician
are paramount

Finally, the troublesome question of * total and permanent disabiliy”
will be discussed From a purely sociologic point of view, this provision
1 msurance policies has often proved to be a great blunder It has under
muned the morale of many an honest citizen and has forced some physi-
crans 1mnto practices which, from an ethical point of view, are at least open
1o quesnon Many of us would be happier if no such insurance policies
had ever been wntten Insurance companes are suffering tremendous
fosses which must be borne by all policyholders This 15 partly due to
the unexpected merease n chronme cardiovascular disease that has taken
place dunng the past decades and partly to the economuc depression of
previous years Added to thus 1s the fact that manv unnghteous claims
have been granted because of the dish of policyholder: 1)\
with colluston of unscrupulous physicians

The first difficulty comes 1n mterpreting the term  total and permanent
disability * Some totally blind or deaf people support themselves A man
could be bedndden and yet earn something reading proof or translating
foreign medical publications, as 1 know one physician did for two years
It 15 the duty of the court to make a legal mterpretanon of this phrase
When 2 person takes out such insurance, he probably has 1 mimnd 2 pro-
tection agamst hus inability to continue fus accustomed work If a man 1s
an active obstetricran and has to clunb statrs to get to his patents’ homes,
and must be able to exert humself vigorousiv when using forceps, then
increasing breathlessness from cardiac weakness or from emphysema of
the lungs tenders him unfit to continue his occupation permanently How-
ever, if he 15 a dermatologist with mainly an office practice, he may be
able to carry on for some months or years longer Now, are we to say that
one or both are totally and permanently disabled® Many a disabled wndi-
sidual could carry on some muld or sedentary occupation, if he wete
trained differently and if such 2 position were available But we cannot
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4 1

make 2 out of an ot overmght Likewise a day
Jaborer cannot easily be tramned to be a cashuer The best we as physicrans
can do 1s to express an honest opinion as to whether or not 2 given occu
pation 1s an added hazard to the comfort or life of the patient concerned

It 1s not our duty to help insurance compantes undo losses that they
have sustaned If we make an unwise investment in a home or m busi-
ness, we have to suffer the loss Insurance companies made what have
proved to be unwise contracts and must wnevitably pay for therr mustake
On the other hand, we must protect them agamst any false clams, by a
most pamnstaking medical analysis, keeping 1t mind the mterest of the
patient and the company Unfortunately, the final decision may depend
on the amount of msiurance mvolved If a physician in general practice
has insurance protection of $4000 a year agamst total and permanent
disabihity, hus position may be different if he earns $10,000 a year than
if he eams only $4000 yearly When he develops angma pectoris and
finds 1t hard to climb stairs or drive Ius moter car in wintry weather he
may well prefer 1o carry on because of a greater mncome, even if he may
shorten hus life or have more attacks of angmna If lis meome ts no greater
than lis insurance, he 13 much less Likely to want to suffer any more than
necessary A physician may quite reasonably urge one man to carry on
and another to quit work when the physical disability 15 the same in both
cases At nmes it seems thar the advantages of rennng are not great
enough to warrant the financral Joss involved In some cases the joy and
satisfaction of working compensates for the increase in discomforts Some
physicians would choose to have more attacks of angma but contmnue
ther practice I beleve that a man has a night to choose whether he will
have more suffering and keep at work, or less suffering and accept hus
msurance protection provided there 15 no doubt about the diagnosis and
reality of the symptoms or disabihity

There has been a move on the part of some msurance compantes m
very recent years that scems wise and should be extended When 2 pa
tient has coronary artery disease and his condition seems far, 1t may be
advsable to permut fum to try to resume some work If such an mndvid-
ual has been recenving total permanent disability benefits, some com
pantes will give hum a trial period of three months, dunng which time
full compensation 1s continued while he resumes some or all of his duties
If at the end of that time 1t 15 clear that he cannot carry on, he agam
retires and conunues to recerve disability payments If hus progress 1s
favorable after this three months trial peniod, he then discontnues re-
cewving the disability benefits and carnies on with his work This 15 2
wise and useful provision, both for the msurance companes and the
policyholders, for 1t may save the former expense and may help to re-
hat the patient Ph should coop m this plan with the
understanding that the msured wll not jeopardize hus mterests by making
an honest effort to return to work

To retumn to the difficult problem of angina 1n which subjective com-
plamts are so ymportant, 1t may be necessary to perform special tests for
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dragnostic purposes It also may be necessary to “ shadow™ the pauent to
find out whether he acrually 1s unable to wall. or work It must be remem-
bered, boweses, that detecting 2 man walkmg 2 mle or two 1 Flonda s
the winter does not necessanly mean that he can walk one bloch m New
England There are many mdviduals who can exert themselves a grear
deal m warm chmares who can do very hitde 1o cold ones One should
try to check the statements that are made 1 direct relation to the mndr-
vidual s ordinary worksng activities Furthermore, 1t 3s fair for the physs-
can to assume that lus pauent 1s honest, uotid he knows otherwise This
s partcularly true when the faurmly physician has known the panent for
many years and has always found hum to be honorable I have known
mstances m which men were recewing insurance for total disabibty which
1 thought was entirely unjustified, and 1 have mformed the companses to
thay effect Unfortunately, too, I have scen instances when pauents were
disbelieved, had therr d, only to prove therr honesty
by dying of a coronary thmbosxs The physictan has a difficult tash
Only by great care and wise and honest regard both for the imnterest of
our pauents and the protecuon of nsurance companies, can the high stand-
ards of our profession be mamtamed and the sernces expected of us be
rendered
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The Sigmficance of Bronchwl and Other Factors i the
Production of Dyspnea

Breathlessness 1s the most important symptom of heart disease In the
early stages of cardiac farlure 1t may be the only evidence that the cardio-
vascular apparatus 1s inefficient This 15 true whether the problem 1s one
of valvular or nomvalvular heart disease The physical findings at this
time may be entirely negauve or may be very msignificant, showing only
those alterattons which are commonly present in patients without any
heart disease It becomes very important, therefore, to be able to mterpret
intelligently the sigmificance of this primary complant—shormess of
breath There are other factors beside heart failure that play their respec-
tive roles mn the production of dyspnea and some of these, especially the
bronchial, deserve consideration

Inasmuch as heart disease 1s extremely common and asthmatic bron-
chutis 15 also very prevalent 1t 15 not surpnising that the two conditions
are frequently present m the same mdividual From a purely statistical
pomt of view 1t would be expected that a considerable number of people
mght suffer from both diseases In pont of fact, however, I have seen
so many patients with orgamic heart disease, especially rheumatic valvular
disease, also suffering from asthma that I have been led to belreve that
the relationship 1s not merely cowcxdental It may be that the prolonged
pulmonary stasis of atself which accompames heart failure 1 some way
renders the bronchal tree more susceptible to the asthmatic state Another
relatonship which seems 1o be important 15 that other allergic sugmata
stich as a previous history of hay fever, urticarta or chronic eczema or a
farmuly istory of such diseases are frequently detected i rheumatic car-
diac patients One may suspect that such individuals are allergic 1n two
dufferent senses In the first place they are sensitive to the proteins that
bring about bronchial asthma, hay fever and urticaria In the second place
they may be regarded as allergic 1n the sense that many manfestations
of rheumatic fever are now looked upon as allergc reactions These con-
siderations may explam the undue frequency of asthmatic bronchitis 1
cardiac patients

Bearing mn mund that shortness of breath 1s the outstanding complant
1n both condittons, 1t 1s most important to distingutsh how much of the
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disabulity 1s due to each, for the prognosts and treatment will depend a
great deal upon this disunction This diffcrennianon 1s obviously most
mmportant because although dyspnea due to asthmatic bronchitis 15 dis-
tressing, 1t comes and goes and 15 companble with a long and fairly useful
Iife, whereas when 1t 1s the result of cardiac fatlure, especially when 1t 15
of the paroxysmal type, the outlook 15 very grave Furthermore, digitalis
15 helpful for cardiac dyspnea and useless for bronchial dyspnea, and
medicanon like ephedrine, adrenalm and potassium 1odide which often 15
beneficral for bronchual dyspnea 1s practically of no avail m cardiac failure

Such problems are best 1llustrated by actual practical experiences Some
years ago I was called to see a woman 60 years of age who was suffering
from attacks of dyspnea, especially at might She was the mother of a
physician and had been seen by a most competent consultant who regarded
the condion as hypertensive heart disease with parosysmal nocturnal
dyspnea or so called cardiac asthma’ Tlus diagnosis carnes with 1t a
very omunous prognosis for such pattents do not live on the average more
than a few years I found that the dyspnea was only of several weeks’
duration Physical exarmination showed the customary amount of arterio
scleross for a woman of her age There was slight hypertension, the read-
ngs bemng 180 mm  systolic and 100 mm diastolic The heart was shghtly
enlarged, the action was regular with 2 rate of 90 and thete was 2 shght
systolic murmur at the apical and basal regions There was no peripheral
pitung edema and no hepatic or venous engorgemnt So far, the findings
were compatible with the diagnosss previously made, for many patents
with paroxysmal cardiac dyspnea show very httle of significance on exam
1nation, except cardiac enlargement The signs 1n the lungs, however, gave
the clue to the proper diagnosis Rales were heard generally distributed
throughout both chests and were readily audible over both sides anten-
orly They were mspiratory and expiratory and of the squeaking type
such as are found 1n asthma or emphysema There were no moist rales
at the bases of the lungs When rales are due to cardiac failure thev are
almost mvariably moist and mspiratory and limited to the bases of the
lungs When they are generally distributed as occurs 1n acute pulmonary
edema they are also mosst or bubbling, may occur 1n both phases of respra-
uon, but the patent 15 then obviously mn an acute serious state Such was
not the case here The conclusion, therefore, was that the patient although
elderly, hypertensive and somewhat artertosclerotic, had no heart failure
whatever and that the dyspnea was entirely due to asthmatic bronchius
Subsequent developments confirmed this opmion The digitalis she was
taking was omutted and imnstead she was told to take 10 drops of saturated
solution of potassium iodide three nmes a day, § gran of ephedrine
morning and mght, and to use steam halations Esther as a result of the
medications or because of the changes 1 weather which often have an
effect on an asthmatic state she quickly improved and remained ambula-
tory for many years Congestive heart failure never developed although
she lined more than ten years afier this expertence occasionally having
recurring bouts of bronchial dyspnea

The above expenence dlustrates the msinterpretation of the cause of
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dyspnea m a pattent who proved to have no element of cardiac failure
whatever The following case illustrates the importance of differentiating
the vanous factors mvolved when there 1s known organic heart disease
Thus patient was a man about 40 years old who had been comng to the
heart chinse for some years He had rheumatic matral stenosis and auricular
fibrillation There was a past hustory of hay fever He had remamned farly
well compensated, taking 0 1 gm of digitalis daily, and was able to attend
tus hirtle grocery shop One day he was taken 1nto the hospital and was
found to be desperately sick He had extreme dyspnea the heart rate
was accelerated and grossly rregular, there was a fever of 101 F and
he was wrrational Extreme dyspnea and orthopnea were the outstanding
features His condition was regarded sufficiently sertous so that he was
put on the dangerous list What amazed the physictans 1n attendance and
comforted the family was that I held out a fair hope for hus recovery I
did so because a good bit of the respiratory distress could be accounted
for on the basis of bronchial dyspnea Although there were many moist
congestive rales at the bases of the Jungs, there were also numerous asth-
matic squeaks throughout both lungs He not only recovered but was
able to contmue at s Light occupation for several years I have had
numerous other simlar experiences in which the proper mterpretation of
the vanous factors producing dyspnea served as the mam basis for offer-
1ng a better prognosis than mught otherwise have been made and in msti-
tuting more intelligent treatment

The detection of a bronchal facter 1n cardiac pabents 1s of considerable
importance 1n treating ambulatory cardiac patients n an out patient climc
Here we have a group of mdividuals belonging to the Iower economuc
strata of life and 1f they are ganfully employed 1t 15 1mperative to keep
them so whenever possible Picture a marned man 40 years of age who
has mutral stenosts and auncular fibrillation who works tndoors as a
salesman and 1s able to carry on farrly sansfactortly The occupanon 1s not
laborious and he manages to keep on the job and support lumself We all
know that if such a man takes sich leave very often he will Jose his job
and that he may never be able to find another He has been taking digitalis
constantly and thereby the heart rate 1s kept farly slow Under these
circumstances there will come a ime when congestive farlure will super-
vene, requiring 2 period of rest mn bed This will generally be ushered 1n
by increasing dyspnea On the other hand if the increase in dyspnea
were due to asthmatic bronchius we would not only be jusufied m per
murning this man to keep at work but we probably would advise um to
do 50, 1n order that he might not jeopardize his earming power Further-
more, 1ncreasing the dose of digitalis 1 these cases ts generally of no
avail, while a combination of ephedrine and potassium 10dide often 1m-
proves the condinon A familianty with the bronchial factor 1 the pro-
ducnion of dyspnea and the detection of the asthmauc type of rales have
formed the background for the proper treatment of these patients This
has enabled patients to continue at work who would otherwise have been
put to bed and has saved manjy of them their jobs

There 15 a senous form of dyspnea really bronchial m ongin, which
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results from chronic emphysema of the lungs (chromc cor pulmonale}
Ths generally 15 a slowly progressive process maturing 1nto its severe
stage later 1 life Occasionally, howe\er, 1t may appear n 1ts advanced
form at middle age The chest 1s dm1ts tor d
cyanosis develops early and may become quite marhed and there 1s pro-
gressne dyspnea The breath scunds are dimunished 1n ntensity, expira
uon 1s p d, cardiac dull hes because of the overlym,,
expanded lungs and the heart sounds become distant The ntercostal
spaces are increased, the diaphragm 15 depressed and liver dullness s
dimnished In a pure case there 1s night ventricular enlargement Electro-
cardiograms often show right ventricular preponderance and complexes of
low amplitude An ¥ ray of the chest may show a promment pulmonary
conus Objecuve signs of congestive heart falure, hike piting edema and
enlarged Iner, come late n the disease There often ss a marked reduction
1n the sital capacity of the lungs because they are already fully distended
and the entarged chest cavity cannot expand much more What 1s even
more 1mportant 15 that the entire respiratory cycle lasts much longer than
normal and 1t 1s difficult to increase the number of breaths per minute
This form of dyspnea and cardiac fatlure responds very poorly to digatalis
but may be helped by ephedrine The use of morphine 1s dangerous,
especially when the condition 15 advanced and the vital capaaity of the
lung 1s very Jow The condition can be ameliorated by a properly fitted
abdomumnal belt This belt can actually elevate the diaphragm and thereby
aid 1ts mechanical movements, 1ncrease the vital capacity of the lungs and
mmprove the breathing Inhalation of otygen may be helpful but must be
admunustered with caution In some severe cases oxygen therapy may pre-
cipitate coma within fifteen minutes by improving the oxygen content of
the blood, which thereby decreases the stmulus to respiration The result
15 that m some cases ventilation decreases and gradual coma ensues The
implication 15 that whenever oxygen therapy 1s admumstered i dyspneic
states 1t should be discontinued promptly if the climcal condition of the
pauent 1s seen to deteriorate It 15 quite striking that in the early stages
and often for many years patients with chrome emphysema may be quite
short of breath on effort and yet have no orthopnea, being able to lie flat
quite comforrably

A much neglected and overlooked group of cases 1s one in which there
1s emphysema and a mediastinal goster The latter may be bemgn or touc
and generally has been present for many years before 1t 1s detected, be-
cause no enlargement of the thyroid gland need be made out on ordinary
physical examnation and there may be little 3f any evidence of thyro-
tovicosss Such cases have increasing breathlessness and often display a
peculiar suffused appearance of the face Roentgenologic exammation will
reveal the thoracic goiter and often will show 2 compressed or dewiated
trachea If discovered early enough, operation may afford great relief or
at least arrest the progress of the condition

Closely refated to pulmonary emphysema 1s 2 condition 1n which the
primary pathologic process 1s 1n the fine pulmonary arteries It has been
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called Ayerza s disease, the patients with 1t, black cardiacs Although 1t
was first thought to be syphilitic 1n origin most of those cases now recog-
nized have been found to be nonluetic The striking feature 1s the mrense
cyanosts with mcreasing severe dyspnea and weakness This 1s 2 type of
chronic cor pul le symifar m ats festattons to the severe forms of
“emphysema heart

Patients with advanced pulmonary artenal disease often suffer syncopal
attacks In the late stages penipheral edema may be present Examnation
of the heart may show Little abnormal except for an accentuated pulmonary
second sound The x-ray reveals evid of nght-sided enl. and
a dilated pul y artery The electrocard will almost 1nvarrably
display complexes indicative of nght ventricular enlargement Catheter-
1zation studies by Dexter have shown that pressure in the pulmonary
artery and nght ventnicle 1s considerably increased but 15 normal 1n the
left auricle and 1 the pulmonary capillaries These circulatory findmgs
are sumular to those obtained tn compensated well marked mutral stenosis
except that 1n the latter pulmonary capillary pressure 1s increased Itis
of significance that 1n marked pulmonary vascular disease exercise does
not produce an ncrease 1n cardiac output

There are several other factors to be considered in anterpreting breath-
lessness, such as anerma, functional dyspnea and obesity The first of these
can quickly be dismuissed An appreciable degree of anemua 1s rarely of
1mportance 1n patients who have cardiac failure from organic heart dis-
ease Occasionally dyspnea 1s present solely as a result of anermua 1n pa
uents whose cardiovascular apparatus 1s essentially normal Moreover, ap-
preciable dilatatton of the heart may also be caused by anemua Such
patients may be erroneously treated for heart disease when liver or 1ron
properly admmstered 15 all that 1s needed It must be borne 1 mind that
when the hemoglobin content of the blood 15 sufficiently reduced, dysp-
nea, especially on effort, can develop because of the dimunished oxygen-
carrying power of the blood It 1s needless to say that digitalis cannot
correct this defect Furthermore, 1if the anemuc state and dilatation of the
heart persist for a long tume, irreversible cardhac hypertrophy may take
place

A more important problem 15 dyspnea due to neurotic or funcnonal
factors Thus frequently takes the form of sighing breathing and has
been discussed 1n Chapter 12 and need not be gone nto 1 detarl here
Let 1t suffice to mention that 1t 13 common 1n those who have no organic
cairculatory disease and 1s not at all rare even 1n those with defimgte struc-
tural changes When tlus condition 15 marked and mamtamed 1t may
result 1n disturbing hyperventilaion Symptoms of tetany develop with
ungling and numbness of the extremines It 1s not dufficult to mterpret
properly this type of dyspnea especially if the physictan observes the
patients take these deep breaths (overventilation) when they complain thev
cannot get enough arr It has often been helpful 1 my expenence to find
that, after an individual has complamed bitterly of not beng able to
breathe even while at rest, the vital capacity of the lungs proved to be
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normal It 1s almost ampossible for an individual to have distressing
breathlessness from cardiac fallure and yet have a normal vital capacity
of the lungs These considerations apply with equal force even when
defimite orgamic heart disease 1s present Many patents with well-com-
pensated valvular disease have dyspnea of neurogenic ongin The vital
capacity of the lungs may be normal, the prognosis will be good and
treatment must be directed at the functional state Here also 1t 15 obvious
that the proper nterpretation of functional dyspnea will avoid errors 1n
dragnoss, prognosis and treatment
‘There 15 sull another type of functional or neurogenic dyspnea that 1s
different from that called ‘stighing breathung ** It takes on a varety of
forms I once saw a young girl who appeared well, had very few com-
plamts and merely showed a very fant systolic murmur The respiratory
rate, however, was about 55 although there was no dyspnea and the
mother was not aware of the rapid rate of breathung In another case an
hysterical Negro had a respiratory rate of 120 with otherwise normal
findings He had very few complamnts and could he flat Dunng sleep,
however, the rate of respiration was normal In two other cases there was
marked dyspnea and orthopnea with very noisy and rapid breathung One
case was first regarded as due to serrous heart disease, then to bronchial
asthma The pabient was cured by psychotherapy The other was a most
extraordmary case featured by ternfic attacks of suffocation The patient
even had an exploratory operation on the mediastinum m one hospital and
a tracheotomy 1n another He also seemed to be cured, at least temporanly,
by psychotherapy These may be regarded as instances of hysterical
dyspnea
Consideration must also be gnen to the weight of the patient who
) of breathl M has been made of the fact that
dy spnca may be the only early mamifestaion of cardrac falure It 15 also
well known that obese individuals frequently suffer from organic cardio-
vascular disease, especrally hypertension What 1s not fully appreciated 15
that obesity 1tself 1 an otherwise healthy mdividual can produce short-
ness of breath The stout person cannot breathe as freely as the lean The
diaphragm does not descend so readdy and when the adiposity particu-
larly 1nvolves the abdomunal region the diaphragm 1s apt to be held m a
fugh posiuon and the vital capacity of the Jungs 1s dimimshed It follows,
therefore, that not all obese pattents who have dyspnea have heart failure,
and that even when there 15 defintte evidence of organic heart disease, the
dyspnea may be only partly, if at all, the result of weakenng of the cir-
culauon There are many obese patents whom I have seen who bad been
treated for heart disease when I felt convinced they were not suffering
from anything more than obesity Such patients will do better on a dietary
regimen judicrously follow ed, directed at a slow reducuon 1n weght, than
they will on digntalss therapy In fact, even if the obesity 1s permutted to
continue they do well, as this form of dyspnea 1s not progressive and 1s
apt to be elicited only on effort, parucularly cimbing of stairs It 15 evi-
dent that the converse of this 1s true, 1 ¢, other things bemng equal, short~
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ness of breath 1s more serious m a thin mdividual, for here despite the
freedom of diaphragmatic movement there stil 15 Imutation wn expansion
of the lungs

Because breathlessness 1s the primary evidence of heart farlure, when-
ever this 1s a major complant exther the patient or the doctor will quickly
suspect the heart as the cause It must not be forgotterr that there are
other causes of shortness of breath Many diseases, particularly of the
thoracic cavity, may produce dyspnea and occasionally they are over-
looked when a weakened myocardsum 1s thought to be present Some of
these condinions are pneumoma, tumors of the Jung mihary carcinoma-
tosts of the lung, Hodgkn s d.lsease, aortic aneurysm, pulmonary tuber-
culoss, b h an Under one set of
arcumstances or another the possibility of these drseases will need serous
mnvestigation, especially 1f the heart 15 found to be normal i size

In this connection m:mlon should be made of deformuty of the chest
as a cause of true my d ffi y The cond 15 called cardio-
resprratory fallure There are occastonal mstances when the thoracic cage
18 so deformed as a result of early infanule paralysis or tuberculosts of
the spine, or because of congemtal and developmental deformuties such

‘tnichterbrust  or  funnel chest,’ that the position of the heart 15
markedly distorted Ditatation and hypertrophy of the cardiac chambers
with congestive heart faillure may result This 1s produced by mechanical
factors such as kinking or constnction of the large vessels leading to or
from the heart, or by changes in the Iung It 1s now believed that the
difficulty 1n respiratory function 1s much more important than the cardiac
status  Such cases progress like severe forms of chronic cor pulmonale
from pul 1 y artery disease or chronic pul

onary ﬁbtosxs Aldmugh this type of hcart falure 15 quite rare 3t calls
attention to the deswrability of correcting as much as possible all chest
deformities during the early years of Life

The foregomg discussion amply justifies the pomnt of view that the
mechanism of dyspnea needs carcful appralsal Various possible factors
have different p and th p Only m this way
will sertous pracncal errors be avorded
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The Cliucal Sigmficance of the Systolic Murmur

There has been a great deal of discusston concermng the causes and
significance of a systolic murnmur Much speculation has been expended
on the physical and mechanucal factors wvolved 1 the production of
murmurs and considerable effort has been made 1o correlate the presence
of systolic murmurs with anatonuce dagnoses Despste this, much con-
fusson remaims, especially in the chinical seserpretauion of such findings
Not so very long ago the detection of a systolic murmur meant heart
disease and many an nocent, perfectly healthy person has been con-
demned as a chrome cardsac cnpple, treated as such resiricted w ms
acuviues aad mwade to hve hus hfe m the constant fear that so commonly
characterszes the hfe of an orgame cardisc Others, a5 a result of such 2
mystahen dragnosts would develop the fullblown prcture of cardiac neu~
sosts and thereafter live with the handicaps that accompany tins condition
Some wm defiance would lead a normal and active hfe for a great many
years, to the amazement of the physician ¢ ho ongnally made the diagnosss
and who exther outwardly ot dly gave a grave p

“This pomt of view was quite prevalent before the Furst World War
The presence of a systolic murmus was often regarded as meanmg mitzal
regurgitauon and dus diagnosis carmed wath 1t the inference that the
ymral vatve was duseased Durmg the war, howeyes, there were so many
soung soldiers who had systohc murmurs and yet who were apparently
well that much doubt was cast on 1ts orgame sigmficance The result of
shis expenence was that the pendulum graduslly moved to the dametn~
cally opposite posinon Whereas formerly all systolic murmurs were
regarded as serious @ teaching deteloped that systolic murmurs had no
chnieat sigruficance whatever One authority went so far as to say * theow
the stethoscope away, ” emphasizing the inportance of elictung the early
symptoms of heart fadure Another expressed an evtreme pount of view
that orgamic matral msufficency did not ewst, that there was stenosis of
the mumral valie or the 1alhve was normal This latter opition was based
pnmanly on postmortem evpersence, m which 1t was found thar when
the dag of mutral regurg was made the valve was either found
10 be normal or stemosed There s every reason, however, W believe
thar a nuddle course 35 much nearer the wuth Systolic prurmurs cannot
be ennrely disregarded nor do they always mean heart disease They
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deserve our most careful consideration, for only 1n this way will those of
importance be d hed from the ones Furthermore, as
will become evident 1n the following discussion, the proper nterpretation
of a systolic murmur may occastonally serve as the mam clue to a diagnosis
that otherwise will be enurely overlooked

It must be conceded that on examming most normal people no mur-
murs will be heard over the precordium Furthermore there 1s ample
proof of the fact that disease of the mitral valve or a loss of the normal
wntegrity of the valve leaflets can result in a systolic murmur If the matral
valve of a dog 15 cut there will immedhately develop a systohe murmur
that previously was not present The reverse of this, however, 1s not
true for systolic murmurs can be present where the mutral valve 1s nor
mal Apart from other factors to be considered later, a_systolic murmur
_best heard at the apex of the heart can be due 10 regurgitation of blood.
KWMMAMWMQ normal or dis-
&d5 We have reason to believe that the valve 1s diseased the condition
15 Tegarded as  orgamic mitral msufficiency * If we beheve that the valve
1s structurally normal the term used to designate the condition 1s ‘ rela-_

tve mutral msufficient This 15 a valid conception because_there gre
’xlu/emus_s!ar-:s—iﬁin—whlcm —ORE Teason_or_another the left ventricular
of il

Cavity 1s enlarged or dil dan this pro: the_murral

fing 15 sufhaently_stretched longer-com
W}m onfice dunng ventricular systole and there results a
TEEUIEItation of blog €TE are, therefore, two conditions 1n Which the
fiitral valve can be regarded as mcompetent, one orgamc and the other~
funcnonal - —

Tganic mitral msufficiency generall revjous rheumat

ction. Under these arcumstances the valve 1s actually distorted, the
free margims are apt to be thickened and retracted and although the slow
process of stenosis has not as yet mamfested utself, so that there sull 1s
free flow of blood during diastole from auncles to ventncles, there 15 a

so-that-normal-leaflet:

ton through the p valve during systole It 1s often
difficult to be certamn whether or not 2 true orgamc mutral msufficiency
exists because there need be no symp ferable to the It and

no other evidence of cardiac disease not even hypertrophy of the heart _
However, when a patient has had a previous history of rheumanc

chorea, and there 75 an apical systolic_mu: slight |
mtensity, especrally sf there 15 some cardiac hypertrophy and an-accentu-
afed pulfonary second sound, it 1s a fair presumption that the_mutral
valve 15 organically diseased and ins 15 nto disproof of this con
tention To find a Steosts of the mytral-valve off postmortem examumation
ten twenty or thirty years later When such a pauent hives hus span of
bife and dies of cardiac fallure, mutral stenoss 1s very apt to be present
Fatalines from heart failure occur but rarely during the stage of mutral
msufficiency so that ordinanly we have no opportumty to confirm the
diagnosts at the autopsy table There 15 one arcumstance that does occur
which enables us to see the mutral valve dunng the stage of orgam¢ msuffi-
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ciency without stenosis, 1¢, sub: bactenal end d In this way
a fatal disease develops m a patient who has only a systolic murmur long
before congestive heart farllure would otherwise have occurred and we are
permutted to examine a mutral valve that 1s diseased but not stenotic I have
seen such which have ¢ d me of the validity of
malung the diagnosis of organic mutral msufficiency
There 15 another type of structural mutral msufficrency that 15 very
difficult 1o diagnose which may result from calaficanon of the annulus
fibrosus, This can readily be seen on fluoroscopic exammAtON, Bat pro-
duces no charactersstic physical findings A moderate mutral systolic mur-
mur 1s present 1n most but not 1o all cases It generally occurs in older
persons and may be present without any other sigmificant evidence of dis-
ease or disability, although 1t also 1s found associated with organic disease
of the mutral valve tself Ths type of calaficanon of the mutral ning (n
contrast to the leaflets) may or may not be associated with rutral re-
gurgianon
On rare occasions organic mutral msufficiency without stenosis does lead
o prmwava*,,T_T_wM&ﬂ
“aurcle and congestive falure It 1s DT cléar why most patients with
miple mitral insufficiency do wéll for so many years and only a few
develop heart falure rather rapidly Possibly the degree of valvular re-
gurgitauon, which 1s difficult to estimate during life and even postmortem,
15 the determming factor
Relauve nutral insufficiency, on the other hand, 1s a common occur-
rence 1n a variety of condittons When the heart 1s enlarged and the left
ventricle 1s dilated m patients with hypertenston, sypmliuc aornic nsuffi-
cency or myocardial disease from any cause, a systohc murmur of vary-
ing intensity 1s frequently heard at the apex There results a relauve
incompetency of the valve without any true progressive disease of its
structure It 15 of some importance to bear 1n mund the distinction be-
tween organic and relanve msufficiency, for in the former we fear the
eventual development of mutral stenosts or the subsequent complication of
bactenial endocardiis, while wath the latter neither of these conditions will
develop no matter how long the pattent lives
Unfortunately many systolic murmurs cannot readily be classified m
either of the two groups just mentioned It 15 this which has Jed to so
much confusion and has given r1se to spch terms as acaidental, cardio-
resprratory, hermic or functional murmurs It 1s not the mntention to ex-
plain or apalyze all these murmurs but rather to present some points of
view that have developed from an extenstve chmical study of the systolic
murmur and which have proved useful 1n a practical way
At the outset progress will be impeded 1f we do not start with clearly
defined terms By defimuon a systolic murmur, no matter how famt,
must have duration, 1t must Jast an appreciabie interval mto systole be-
tween the first and second heart sounds Because systolic murmurs have
been so generally regarded as bensgn and inconsequential, medieal stu-
dents and young house officers have developed the habit of finding many
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systolic murmurs that never exist They know that nothing will be said
about 1t 1f some one else fails to hear 1t, espectally as we know that famt
murmurs may come and go, but they fear mussing a murmur if 1t 15 pres-
ent The result has been a k and carel m and
1n termihology Frequently I have failed to hear any murmur whatever on
most careful auscultation when others have descibed a systolic murmur
One additional reason 1s that with the defimtion just gwen, a prolonged
or mmpure first heart sound that frequently 1s heard, especially mn thm-
chested mdividuals with hyperactive hearts, will not be called a murmur
for there 1s no true bruit extending mto systole With this defimtion 1
mund 1t 15 surprising how often ¢lassical mstances of sutral stenosts will
show no systobc murmur The ct istic drastolic or presystol
rumble will be heard ending with 2 snappng first heart sound but no
murmur will be heard dunng systole

The other essential m thus discussion 1s that we must indicate the
ntensity of the systolic murmur Quantitative descriptions have become
useful i descnibing other findings, for example, the amount of albumin or
sugar 1 the urine, the degree of jaundice or peripheral edema A very
large trace of albumin for mstance, 15 not customarily seen 1n the simple
albuminurias accompanyng fevers, while 1t 1s suggestive of nephrosis, on
the other hand a shghtest possible trace of albumm does occur with the
former and not with the Jatter Stmular notations are applicable 1 de-
scribing systolic murmurs For some years I have used the following
termunology and although at first glance 1t may seem cumbersome, within
a very short time those who have tried to use 1t have found 1t stmple
and reasonably accurate, so that different observers would comcide very
closely 1n their decisions Systolic murmurs are divided into six grada
tions Grade I intensity 1s the famntest that 1s audible on the most careful
auscultation Although famnt 1t must have an apprecable duranon This
type of murmur 15 frequently overlooked 1f the examination 1s only casual
Tt 1s generally not heard at all during the first few seconds of auscultation
but then becomes audible In fact, 1f a fant murmur s heard immed:
ately 1t generally means that 1t 1s grade II Grade VI intensity 1s the loud
est murmur that one ever hears These murmurs are rare and are such
that they can be heard with the stethoscope away from the chest wall
The other four gradattons (II to V) fall in between these two extremes
They may be called ‘ very shght, ‘shght ‘moderate, loud, ‘very
Ioud and “loudest possible murmurs With a short period of practice
different observers will find that they generally will use the same notation
and almost never vary more than one gradation 1n intensity

With the foregoing as a background 1t was found that on examiming
over one thousand so called normal or noncardiac mdividuals, systohe
murmurs of grade I intensity were fairly common, those called grade 11
were less frequent, and those of grade IIT quite rare The nteresting pomt
was that in every mstance m which a systolic murmur of grade TII mnten-
sity was heard, although such patients were m the hospital prumarily for
some condition unrelated to the heart, such as prostatic disease, herna or




256 Crinical HEART DISEASE

hemorrhoids, defimte evidence of orgamic heart disease was found In
fact, thus was also true of many patients who had grade II murmurs
There were several factors undoubtedly involved in the producton of some
of the murmurs of grade I and II intensity, and n nterpreting such
murmurs these factors need to be catefully considered These are fever,
anemia, tachycardia, hypertension, hyperthyroidism and possibly nervous
exctement  The last of these probably produces its effects primanly
through 1ts increase i rate It does not foliow that these condinons wnvari-
ably produce systolic murmurs There are other influences involved that
are at present poorly understood which determine whether a murmur will
result or not However, 1t 1s fairly certan that they can be the speaific
cause of a murmur and therefore need to be carefully considered in est
mating the significance of such murmurs, although they alone waill not
account for murmurs of grade III intensity or Jouder It 1s obvious that
when the above six conditons are known not to exst, then the presence
of a systolic murmur of more than grade I intensity 1s likely to be due to
organic heart disease

There 15 one possible mechanism 1n the production of a systohc mur-
mur, which 1s common to some of the conditons, that T wish to discuss
This 15 the velocity of blood flow The rate at which the blood flows
around 1 the circulation (not the heart rate) 1s ncreased in hyperthy-
rowdism, anermia, fever and exercise An increase m the basal metabolic
rate of the body will be accompanied by a speeding up of the velocity of
blood flow It 15 mteresting that many patents with these conditions also
have systohc murmurs 1 have frequently observed grade I or II systolic
murmurs 1n patents with hyperthyroidism and found that they disap-
peared after the basal metabolism was brought to normal by subtotal
thyrordectomy Likewise, perfectly normal young men who show no mur-
mur will almost invariably develop a grade I or IT systolic murmur directly
after a short brisk effort, such as runming These murmurs wll also dis-
appear as the heart quiets down These murmurs have often been ex
plamned on the basis of temporary dilatauon of the heart with relanve
wnsufficiency of one valve or relanve stenosis of another X-ray examina-
non of the heart i some of these condiuions has faled to show any dila-
tauon and 1n fact, at umes, such as directly after a brsk effort, the heart
seems 10 be a bt smaller than 1t 1s at rest May 1t not be thar the murmur
1s produced because the blood 15 ejected with a snap® It has been shown
that there 15 a speed with which a flud runnung through a tube does so
without producing eddies and bruits and beyond which such disturbances
do anse This explanation seems logical when measurements of the
veloaty of blood flow show 1t to be accelerated However, even when thus
15 normal, a systolic murmur can result from the same mechamism 1f we
assume that the speed of ejecnion from the heart 15 aceelerated for a short
distance up through the aorta and pulmonary artenes, although the rate
of flow through the entire circulation 1s unaltered In any case there seems
10 be some relationshup between the rate of ejection of blood from the
heart and the development of a systolic murmur
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One by product of this study was the finding of a transient systolic
murmur developing almost mvariably 1n normal persons after a brisk
effort "This 1s of some importance, for 1t has become the habit of physicians
who for P or avil service comrussions to make
such an exerase test and to draw certain inferences from the appearance
of a systolic murmur Although such a test can be of great value m un-
covering mitral diastohic or presystolic murmurs that otherwise mught be
entirely overlooked, 1t 1s obvious that no significance whatever can be
attached to the appearance of a systohc murmur after effort

When a deliberate and careful attempt 1s made to wnterpret the sig
nificance of a systohc murmur, elimimating the factors discussed 1 the
foregowng paragraphs, we are sull left with a considerable number that
are difficult to explamn Let us suppose that the heart s slow, there 1s no
fever, hypertension anemia or hyperthyroxdism and a systohic murmur
15 present If 1t 15 a grade 11T murmur, one 1s almost certamn to find other
evidence of orgamic disease such as cardiac enlargement, a systolic thrll,
a diastolic murmur or 1 d phic abrormaliies If 1t
15 of grade I mntensity, unless other evidence of heart disease 15 present,
no significance can be attached to 1, although even some of these I believe
eventually prove to be rheumatic or orgamc If, however, the intensity of
the murmur 1s grade II a most careful mvestigaton must be made for a
possible rheumatic background Apart from the past history of rheumanc
fever and chorea which will often be lacking, mquiry should be made of
a family tustory of rheumatic fever or valvular disease and one should
try to eliait a history of early nosebleeds, vomting spells, undue nervous-
ness Or sweats or some lamed illness 1 chiddhood The pont 15
that many rheumatic infections mask themselves 1n such obscure fashions
and some do no more than produce a systolic murmur In this way
pauents with grade II systolic murmurs will often be identified as having
some form of rheumatic valvular disease Others will be found to be
suffering from some form of congemtal heart disease such as patent
ventricular septum, pulmonary stenosts, atrial septal defect, patent ductus
artertosus or coarctation of the 2orta

Having such indefinite evidence, 1t 1s not easy to convince oneself and
much more difficult to convince others that a heart showing hardly any
thing more than 2 systolic murmur 1s not normal This 1s particularly so
because 1 some such cases, even those followed for a great many years,
nothung fusther happens to mcrimnate the heart This unfortunately does
not occur 1 all cases 1 have seen numerous n tances 1 which patients
with so called bemgn systohc murmurs later developed conditions
whuch proved that the ortginal murmur, although 1 no way impatting the
efficiency of the arculation, was due to an mberent structural defect In
some 2 later bout of typical rheumatic fever serves to indicate that the
early murmur probably was also rheumatic In many the subsequent de-

1 of sut bactenal end hits also proves that the ongmal
murmur was due to a mmnor theumatic valvulitis or to some congenital
defect because thrs complication 15 almost never superimposed on a pre-
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viously normal heart In sull others as years go onm, a systolic murmur
that was regarded as functional or nsigmificant becomes readily 1dentfied
as due to aortic stenosts, when a systolic thriil develops over the vpper
or mudportion of the precordrum This has proved 1o be so in cases that
1 hawe followed even when the systolic murmur was ongmally more
prorunent at the apex than i the aortic area In some the eventual ap-
pearance of the signs of mutral stenosis :ndicates that the early murmur
was due to a mural valvulins I have frequently followed patients who
were well but showed a systolic murmur and found that ten years later a
basal thrll and even ¥ ray evidence of calcification of the aortic valve
developed Thus 15 to be expected because long before a degree of stenosis
of the valve has occurred sufficient to produce the classtcal signs, there
must hase been a ume when the constriction was shight and the systolic
murmur only famt

A few illustratve expeniences will help to emphasize how the proper
iterpretavon of an  msigmificant systolic murmur” may lead to a cotrect
dragnosts that would otherwise be overlooked It was my duty some
years 2go to make rouune examunation of forty members of the first year
class of the Harvard Medzcal School There was only one who showed a
systolic murmur Ths was of grade 11 intensity This young man felt
well and did not consider humself sick There was no previous lustory of
theumatic infecton, no hypertension and the heart showed no other ab-
pormakiues One mught have dismussed thus finding as of no importance
and called 1t a berugn or functional systolic murmur On closer scrutiny
1t was found that his skin was somewhat mosst and hyperemic and that
there was a very slight tremor of the fingers The heart sounds were also
hyperactive Although there was no e<ophthalmos or thyrord enlarge-
ment, hyperthyroidism was suspected, for which he was later treated as
the basal metabolic rate was found to be +-45 per cent In this case the
systolic murmur was the only feature that led to a dizgnosis which other-
wise would hardly have been suspected

In the following nstance (referred to 1n Chap 10) attention to 2 simple
systolic murmur also was the mam cloe to the diagnosis which had been
entirely ovetlooked A day laborer was sent sato the hospital with a diag-
nosis of stone 1n the left kidney A day or two before, he was taken with
a sudden sharp pain m the left losn extending around the left part of the
abdomen and down to the gemitals There was gross hematuna which was
noted by the panent lumself He had been working when thus occurred
and compluned of very lrile else Examnatron was essentially neganve
except for a grade II apical systolic murmur The unne showed gross and

blood The p and pulse rate were normal The

same diagnosis of left renal stone was made by the hospital staff, no
attention being pard to the systolic murmur When the patient was shown
at a staff conference, 1 my attempt to explan the presence of the mur-~
rmur I eltcrted some addittonal information by direct questioning Although
he bad been working steadily he had not been feeling quite so well dunng
the previous few wecks He had also known that he had some sort of 2
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murmur for years but paid no attention to 1t as 1t never troubled hum.
On the basis of thts I ventured the diagnosis of subacute bacterial endo-
cardins with an embolus to the left kidney This suggesuon was rather
1l recerved but that afterncon, although the temperature was only 99 2°
F 2 blood culture was taken which was posttive for Streptococcus viridans
which was lated was not performed and

t.he progress was typical of subacute bactertal endocardis Postmortem
exammnation performed some months later showed typical vegetations en~
grafted on an old rheumauc mutral endocardutts Thus case also 1lustrates
that during the years when the pauent felt well and showed nothing
more than a systolic murmur, the diagnosis of organic mitral msufficiency
would have been justufied

In this final case the mterpretation of 2 systoltc murmur was helpful
1n deciding upon the proper treatment A reured foreman, 60 years of
age, came under my care because of shortness of breath, especially at
sught He was evidently suffertng from congestive heart fatture The heart
was enlarged, the rhythm was regular and there was a grade II basal
systolic murmur No thnlls or drastohc murmur could be detected There
was no hypertension or rheumatic or luetic past history and there was no
Instory of angina pectorss The Wassermann reacion was negative The
question arose here whether or not we were dealing with a case of syph-
ilitic aortitis This deserved serious consideration for 1o about 15 to 25
per cent of such cases the Wassermann reaction 1s neganve Although I
do not believe that disease of the wall of the aorta (so called roughen-
mg ) 1s a factor 1 the production of basal systohe murmurs, this has
been the current teaching and the systolic murmur nught be explamed 1n
this way X-ray exammanon however, showed defimite caleified stenosts
of the aoruc valve Tlus finding not only made the anatomic diagnosis but
served to rule out lues as an etiologic factor for syphilis never produces
stenosis of valves In this way the pauent was spared a course of anti-
luetic treatment which not only would have been useless but mught have
‘been harmful When hus clinical condition improved as a result of ordinary
treatment for congestive heart fallure a typical systolic thrill of aortic
stenosts was felt and the murmur increased m intensity to grade IIT It1s
obvious from this and many similar experiences that 2 murmur may be
famnt when cardrac function 1s poor and louder as the circulation mmproves
Furthermore, a famt murmur may have greater significance when heard
1n an obese ndividual or 1n 2 patient with an emphysematous chest than
1n a thin person The distance between the origmn of the murmur and the
external chest wall will necessanily affect the loudness of murmurs

Fmally, there are some general remarks about systolic murmurs that
are not out of place Too much emphasis has been placed on the trans-
mussion of murmurs m deciding whether they are functional or organic
The louder the murmur, the greater will be its transmussion, and very
fant murmurs are not transmutted The location and the loudness are
important, not the transmussion A loud aortic systolic murrmur 15 trans-
mitted to the neck and a simuar murmur 1n the mitral area to the axilla
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because these locations are near the pomnt of maximum mtensity of these
murmurs A very loud murmur no matter of what onigin will be heard
over a large area I question the importance of transmusston of murmurs
through the blood stream I have heard grade VI murmurs transmted
down the arms and audible over the olecranon process of the eibow when
they could not be heard over the brachial artery They seemed to be
transmitted well through bone Furthermore, the distinction between
orgamc and relative or funcuonal murmurs often has erroneous connota~
tions The former sounds more serious than the latter, whereas relative
drlatation of cardac cavittes resultmg 1n funcuonal systolic murmurs 1s
apt to sigmfy a graver condrion of the heart muscle There are some ner-
vous persons who show hyperactive hearts and a systoic murmur without
other evidence of organic dsease who fall mto a group of potenuial hyper~
tensives They often have a very shight fever, show flushing of the skin of
the nech, and as they are followed for years they eventually develop per-
manent essential hypertension

It must not be mferred from the foregoing discussion that all systolic
murmurs should be regarded with gravity For the most part we should
do as we have been doing 1n the past Patients wath systolic murmurs
and no other evidences of circulatory embarrassment may remain mn good
health for many years or even ndefintely If there are no symptoms of
cardiac weakness they should be allowed to do as they please There
really are no restnicuons that they need They may be allowed to enjoy
the kund of plysical activities and sports that produce no ill effects This
advice 15 proper not because 1t 1s felt mn all cases that the systolic murmur
has no meanmg, but rather because there 1s no advantage 1n enforang
rest or denying such indsvduals the ordinary pleasures of ife However,
1t must be clear that an attempt should be made to ascertamn the cause of
the murmur As an aid mn this direction proper termunology and estimation
of the mrensity of murmurs should be emploved In this way diagnosis
will become more accurate, treatment 1n some cases will be directed more

1 Iy and vague logy will become more clarsfied
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The Patient with Heart Disease As a Surgical or
Obstetric Risk

The physician 1s frequently asked by his surgical colleague whether a
certam patient can stand an operation This 15 by no means as simple a
problem as 1t seems for 1t requires an answer to three different questions
Furst the physician must help 1n the diagnosss of the condition and deaide
whether the problem s surgical after all As will be seen there are many
cardiac affections that present features whuch make them similar to and
confused with acute surgtcal abd 1 emergencies S dly, when
there 1s an obvious disease that 1s amenable to surgcal treatment one has
to decide whether or not the prognosis of the cardiac conditton 1s good
enough to warrant subjecting that panent to a major operation Frmally,
when an op 15 d the p} should have some 1dea
as to the surgical or operative mortahty 1n vanous cardiac disorders

With regard to the first problem a physician often can spare a patient
an unnecessary operation by making 2 correct diagnosis when the conds-
tion was supposed to be an acute surgical abdomen In children, pen
cardinss or acute rheumanc fever may be accompanted by abdominal pan
and tenderness, shight fever and leukocytosts and even nausea and vonut-
g When jont pamns are absent, acute appendiciis may be closely stm-
ulated Inasmuch as there 1s no specific test for either condition, at tumes
1t will be necessary to perform an abdominal explotaton to be sure of
the diagnosts, for it 15 safer to find an occasional notmal appendix than
to overlook appendicius that develops into a fatal perttonitis There will
be occasions, however, 1n which the detection of some of the subsidiary
evidences of rheumanc snfection, such as epistaxss, 2 posive family or
past hustory of rheumanc fever or rheumatic heart disease, will be suf-
fictent to make one doubt the diagnoss of acute appendicins and delay
operation After such a delay of twelve to twenty four hours 1t may then
become quute clear that there 1s nothing surgical about the condition

On very rare occasions the sudden development of aurscular fibnllation,
1n one suffering from some form of orgamc heart disease, may be attended
by acute pan and tenderness 1n the epigastrium or nght upper quadrant,
nausea, vomuting, abdonunal ngidity, shight fever, leukocytosis and shight
icterus The whole picture may resemble an acute cholecystitis I have
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seen such a patient upon whom a cholecystectomy was performed fol-
fowing whuch there was satisfactory recovery About one year later I saw
the same patient go through a sumular spell and she recovered on digatalis
therapy Reviewing the data of her previous experience 1t was clear that
she had mutral stenosts and developed a paroxysm of aurcular fibrillation
which resulted 1n abdomunal symptoms presumably due to an acutely
engorged Liver After the gallbladder, which contained no stones, was
removed the auricular fibrillaton spontaneously disappeared and recovery
was satsfactory The second attack was hike the first and was agamn ac-
companted by a sudden paro<ysm of a rapid wrregular heart action with
an enlarged tender liver This ime the symptoms all subsided on appro-
priate treatment for the cardiac condition It 15 obvious that the previous
Operation was unnecessary

Another crculatory condinion that produces symptoms resembling an
acute surgical abdomen 1s embolism to one of the abdommnal viscera An
embolus to the spleen or the kidney can result in sudden pam and tender-
ness m the abdomen with fever and leukocytosis Thus 1s apt to occur i
those cardiac patients who show evidence of mutral stenosss, auricular
fibrillahon or subacute bacterial endocarditis The treatment 1s expectant
and supportive and not surgical When such an embolus imnvolves the
mesenteric vessels surgical treatment may be necessary The diagnosts,
however, 1s by no means sumple and fortunately such a complication
TEQUIFING OPErativ e resection 1s rare

Finally, acute coronary thrombosis may resemble very closely an acute
surgical condition of the upper abdomen This has been adequately dis-
cussed 1 a previous chapter (Chap 6) Suffice 1t 1n this connection to
recall that all available methods may be necessary to make this differentral
dragnosis and to avoid the error of operaung on a patient who 1s 1 the
throes of a desperate cardiac affiction The resemblance may be to acute
gallstone colic, perforated peptic ulcer or acute pancreatitis An electro-
cardiographic study may be mvaluable and distinctive under these cir-
cumstances Physicians have become aware of this diagnostic difficulty and
now must be alert not to make the opposite error and overlook an ab-
domunal disorder requiring immediate surgical mntervention

There are other acute circulatory emergencies that brng up the ques-
tion of some surgical intersention m which the physicran s judgment may
aid 1n determining the proper treatment At present, for example, 1t 15 2
matter of careful judgment whether or not to try to remove a penpheral
embolus to an extremuty Embolectomy 1s only of value the first six to
twelve hours and 1t must be remembered that gangrene rarely develops :n
the arms The use of suction apparatus and anticoagulant therapy seems
to offer a farrly satsfactory method of treatment Suction apparatus 1s
really a penpheral pump and produces an alternating state of pressure
and suction to the affected imb and thereby improves the blood flow
through the part imolved Furthermore, novocan mjection of the sym-
pathenc nerves to the imb mvolved may help to relieve the additional
spasm that takes place with embohsm, and freezing of the extrenuties 15
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now bemng employed 1t 15 clear, therefore, from the preceding discusston
that when a phystcian 1s asked whether a patient can stand an operation,
he should first try to decide whether there 1s any surgical problem mvolved
at all or whether the cardac disorder mself and its complication may
adequately explan the difficulty

The second pomnt to determune 15 whether the Lfe expectancy of the
particular patient suffering from heart disease warrants undertaking the
surgical procedure that 15 contemplated Is 1t to be expected that the
patient will Live long enough to enjoy the results of the operation to make
the temporary discomfort and nisk worthwhile? This mvolves an estuma-
tion of the prognosts mn the type of cardiac disease that 1s present, fre-
quently a difficult matter However, it 15 often fawrly obvious that the
patent cannot be expected to live more than a year or two and then one
would hesitate 1n recommending an operation that 1s not urgent or for a
condstion that can be treated, even if less sausfactorly, by nonsurgical
methods Too frequently women with hypertensnve heart disease or
mutral stenosis are subjected to pelvic operanons, only to sugcumb to
circulatory falure within a year or so after the operanon For many who
survive the operations there must be some who make up the ordmary
surgical mortality that attends such an operation Patents with fibrord
tumors of the uterus who also suffer from advanced heart disease with an

p poor Ife exp are much better treated by radrauon

than by surgery Smmularly, operations such as that for prolapse of the
uterus or pelvic repair might well be avoided n such panents Instead,
nonsurgical methods may be employed The same may be said for 2 sumple
herma In a word, whenever possible 1t 1s wise to employ simple non-
surgical methods of treatment m patients with advanced heart disease
although one should not hestrate to subject them to operanons that are
more urgent such as that for acute appendicins

The third consideration is an attempt to estumate the surgical mor-
tality m patents suffering from different types of organic heart disease
Some years ago I made a review of 414 cases subjected to 494 operations
‘The surgical probl lved could all be regarded as major and the
cardrac abnormalities were all organuic In order to determune the role
played by the heart mn the outcome, deaths were divided nto two types,

unexpected and ‘inevitable In the former group were included all
those cases 1n which 1t seemed that the patient would not have died had
no operauon been performed Tlus, therefore, included all unexpected
arculatory disasters such as coronary thrombosts, cerebral hemorrhage,
embolism or crculatory falure Even the ordinary complications fre-
quently seen 1n poncardiac cases, such as postoperative pneumonta, were
regarded as unexpected ' Among the mewitable deaths were those due
to the underlying disorder of the heast at about the same time as they
mught have died srrespective of the operanon This can be sllustrated by
the mstance mn which death occurred forty-eight hours after amputation
of a gangrenous Ieg 1n 2 pattent who was monbund from an acute coronary
thrombosis with a femoral embolus These mevitable deaths are of no
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importance 1 this discussion as they do not reflect the added nisk thar
heart disease produces 1 withstandmg operations In this way 1t was
found that the total operatrve mortality was 12 1 per cent and the “unex-
pected * mortality was only 6 3 per cent Ths latter figure readily mdrcates
that as a group patichts with heart disease undergo surgical procedures
fairly satsfactonly

A more detailed analysis of the various types of heart disease disclosed
some mteresting relationships There were only three “unexpected  deaths
m 147 operavons performed on patents with salvular disease, te, a
mortabity of 2 1 per cent In 167 operauons on patrents with nonvalvular
beart disease (hypertension, chrome myocardits, etc ) there were eight

unevpected deaths or 2 mortality of 4 9 per cent Cunously enough the
mortality among pattents with permanent auncular fibnilaton was also
very low as there were only three unexpected  deaths in 108 operatons
(3 per cent} Discase of the coronary arteries was found to increase the
nisk apprectably In forty-one operattons on patients with angina pectoris
there were three deaths (77 per cent) and 1n twenty on pauents with
coronary thrombosss there were eight ‘unevpected * deaths (40 per cent)
Thus latter figure was unduly hugh for 1t imcluded sorme patients who were
operated on 1n the mudst of an acute coronary thrombosis either by mus-
take or when such an operauon could readily have been delayed There
was one death 1n thirteen instances of syphihiic aoruus and none 1n six
pauents with paroxysmal tachycardia, three of whom had attacks duning
the operation Congestive heart farlure was found to add considerably to
the operative nisk as there were seven * unexpected  deaths 1n fifty cases
(11 per cent) Dividing the patients into those with and those without
nephritis showed that the mortality of the former was 148 per cent
whereas 1 the latter 1t was only 4 9 per cent Hypertension, on the other
hand, was found to produce very Iittle effect on the mortality Patients
with systolic readings over and under 160 mm had mortaliry figures of
7 3 per cent and 5 9 per cent respectively

It 15 clear that patients with organic heart disease who are well com-
pensated mn general stand major operattons satisfactonly The nisk m-
creases 1if there 15 congestve hearr failore and although ar times 1t 1s
necessary and advisable to operate i the presence of congestion, when
ever 1t 1s possible to delay unul a better state of compensation can be
established the operation should be postponed The additional presence
of nephrius adds to the surgical nsk The presence of angina pectons
likewise carries a somewhat greater hazard pnmanly because such per-
sons are always subject to sudden coronary thrombosis or sudden death
The nisk 1 cases with coronary thrombosis will not be so great as was
1ndicated 1 thus analysis if an accurate dragnosts of the cardiac condition
1s made and 1f operattons are postponed until a sufficient tume has elapsed
after the attack of coronary thrombosis
It 1s dufficult to study the effect of different anesthetics m selation to

surgical mortality n patents with heart disease Indndual cimes develop
their own pecubar customs and preferences In some ether 1s used a
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great deal, m others spinal or local anesthesia 1s favored and n others
ethylene 15 a common choice In the group discussed above various
methods were employed {ether, local and intraspnal) There does not
seem to be sufficient comparative data with regard to the relative ments
of the various anesthetics to enable one to draw any conclusions The
choice must reman for the present an mndividual matter and rest upon
the combmed decision of the physician, the surgeon and the anesthetist
In general 1t may be said that when a local anesthetic will not suffice,
ether s tolerated very well by pauents with heart disease

Finally a word must be sard concerning the cause of death n these
patients They are naturally subject to the same haza:ds as a patent
having a normal heart P 1ve p are still the
most common cause of surgical mortalities Sepsxs, phlebius and hemor-
rhage will mevitably occur at umes The added difficulties that come
because heart disease 15 present are the so-called ‘accidents of heart
disease It seems that as a result of the operation, 1 some cases, embolt
may become dislodged from silent mural auricular thrombi producing

y infarction, hemmplegia or other artenal occlusions Likewise oc-

casmnally an attack of coronary thromt may be precip d by an
operation In this regard a marked fall i blood pressure 1 any patient
having coronary artery disease must be avoided if possible because of the
danger of precip coronary thromt At times when an operation
15 performed for some septic process or when an infection results from an
aperation, subacute bacterial endocarditis may develop as 2 direct result
of this infection This can now be prevented by pemicillin therapy The
ordinary type of congestive heart failure 1s only rarely precipitated by the
operation unless mnfection or one of the above accidents has occurred
‘The added load or work which the heart 1s asked to perform as a result
of the operation itself 15 no greater than the panent has already been
demanding of that heart before the operation As far as heart strength 1s
concerned anyone who has been able to walk moderately without much
discomfort 15 subjected to no greater hardship in undergoing an opera
nion The unexpected acadents of heart disease, however, cannot be
accurately predicted and they constitute the marn factor in increasing the
nsk from surgery

HEART DISEASE AND OBSTETRICS

There 15 some simulanty between the problems mvolved when a patient
with heart disease becomes pregnant and when one 15 to undergo 2 sur-
gical operaton There 15 one important difference, however, 1 that the
former condition 1s to a great extent predictable and voluntary This
1ncreases the responstbility of Lhc physicran for he will be asked whether

shoutd be plated or after 1t has occurred whether 1t
<hould continue The mtelligent answer to these guestions will require
not only a knowledge of diagnosts and prognosts of heart disease but also
an msight mnto the social and economuc hfe of the famuly involved

There are several cardiac conditions that can readily be dismussed as
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having no 1nfluence on the question of pregnancy, for the response of the
heart under these crrcumstances 15 practically the same as when the heart
1 perfectly normal These condtrons are all the forms of functional heart
disease and well-compensated mutral insufficiency Pattents with benign
wregulanines of the heart or those showing ssignificant fant systolic
murmurs may be regarded as talung a normal risk The same applies to
those who have a louder nutral systolic murmur swith or without shght
cardiac hypertrophy 1n whom a past history of rheumatc fever or some
other features indrcate that there 15 an orgame mural regurgitauon Pro-~
sided there has been no evidence of congestive failure and the pattent’s
response to exercise 1s sansfactory, such panents can be regarded prac-
tically as undergowng a normal rish 1n pregnancy

On the other hand there are some cardiac conditions which when pres-
ent make pregnancy Iughly mnadsisable If a pauent s sufferng from
subacute bactertal endocardius 1t 1s obvious that the seriousness of the
underlying dssease does not warrant undertalung or continung with preg
nancy uniess the mfection responds to chemotherapy If the mother 15
suffering from actne rh fever 1t 1s ble that she be preg-
nant at that ume Apart from any ili-effects that the pregnancy may hase
on the mother, and 1t 15 not certain that there are such ili-effects, the
chuld may be born with a rheumatic cardius, for there are mstances of
acquired mtra uterine theumatic heart disease

The mamn problem anses in panents wath mutral stenosts and aortic
valvalar disease Of first yimportance 1s the stare of compensauon of the
crrculation IF there 1s any evidence of congestive heart failure or if such
failure has once been present 1 the past, 1t 1s best to aduise that ne further
pregnanmes be undertaken Esen when an apparently satisfactory state of

p can be blished by appropnate medical treatment, the

nsk of recurrent heart failure 15 too great and the life expectancy of the
mother 15 too short to make 1t advisable for such 2 woman to go through
pregnancy Ifit1s undertaken, 2 high maternal mortality must be expected
In general, women with rheumatc heart disease with congestive fatlure or
with auricular fibriltation will have a maternal mortality of 30 to 50 per
cent and only 50 per cent will have viable children On the other hand, 1f
there 15 no objecuve evidence of heart fature or dypsnea 1s enther entirely
absent or only of a shght degree women with mutral stenosss, sortic
stenosis or aortic msufficency should be permutted to go through preg-
nancy The only excepuon to thus ss the presence of permanent auricular
fibnllanon Thss latter condsnion 1s generally associated with some signs
of heart failure and for that reason alone will contramdicate pregnancy,
but even when such has not been the case patients with aurtcular fibrilla-
tion are generally suffering from a disordered circulauon that 15 too ad-
vanced to warrant taking the nsk Women mamfestung those conditions
that contraindicate pregnancy, 3 € , permanent auricular fibrillauon, pres
ent or past congestne heart farlure, should, therefore, be cautioned to
avord pregnancy and should be mnstructed in the methods of contraception

There are differences 1 the advice which the physician should grve




THE PaTIENT WITH HEART DISEASE AS SURGICAL OR OBSTETRIC RISk 267

when the question of the first or of subsequent pregnancies anses What
has been saxd above concerning well compensated cases of aortic or mitral
disease applies primanly to those women who contemplate their first
pregnancy Even when there 1s some doubt as to the exact state of the
heart a shght added risk might be hazarded for the joy of having a cluld
1m contrast to a childless ife The situation ss not quite the same if the
pauent already has one or more healthy children Realizing that there 15
always a greater risk among pregnant organtc cardiac patients than among
normal women, no matter how apparently trivial the disease may be, I
feel that if there are already three children, under no crrcumstances
should any more pregnancies be undertaken It 1s not perunent to the
question to recall the instances m which women with mutral stenosts have
satisfactorily borne erght or ten children We see as patients only those
who have survaved Many of the other multipara have succumbed, leaving
their children motherless

A distinction 1s made when there are already three children because
that conshtutes a satsfactory family both from a socal and an mdividual
pomnt of view It must be remembered that there 15 a strong familial
factor 10 rheumatic heart disease and that with numerous pregnancies
there 15 a great likelthood that one or more of the chuldren will eventually
suffer from rheumatic heart disease If precautions are taken 1n familes
with stigmata of important hereditary nervous disorders hike insanity, why
should not sumilar considerattons be given to thus disabling form of heart
disease? Furthermore with numerous pregnancies among people of humble
or modest means, the task 15 not ended with recovery from the confine~
ment The reanng of several infants and children without the aid of
nurses and maids may prove to be a greater task than the pregnancy itself
and more than the disabled heart of the mother can stand The social and
economic status of the patient, therefore deserves careful consideration

‘When there 15 already one child and further pregnancies are contem
plated the physican would do well to encourage 2 second pregnancy
Both the first and those subsequent pregnancies that are planned should
take place dunng the early years of marned hfe Some women erther
through fear or improper medical advice delay tlus decision and lose
valuable years thereby Unless some acute episode has taken place, the
cardiac condation does not generally improve with advancing years so that
a pregnancy will be better borne earlier rather than later Furthermore,
the mother will enjoy the life of the chuldren longer if they are borne
during the early years of marned Iife A second pregnancy should be

11f there are no contrand; because a family 1s not secure

with one cluld Through some unfortunate acaident or illness that child
may die Two healthy children therefore, consohdate the famuly and also
prevent the difficulties that often anse from a2 spotled smngle child
When 1t comes to the tlurd pregnancy one may nghtly exercise a chorce
Ina t::;d T urge the first pregnancy, advise the second and consent to
the

The foregoing considerations apply to those women who are not preg
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nant and come to the physican for advice The problem s somewhat
different if the patient 1s already pregnant At the outset 1 must be em-
phastzed that every woman with organic heart disease should be cauttoned
to consult her physician at the first susp or mnd: of pregl N
so that a dectston may be made eatly during pregnancy This 1s par-
tscularly amportant 1n public cardiac cliics when patients are seen only
at nfrequent intervals If 2 menstrual period 15 mussed 1t should quickly
be deterrmned whether pregnancy has occurred This can be done quite
saussfactortly by means of the Aschheim Zondek or other pregnancy tests
Once 1t 15 known that the patient 1s pregnant a deasion should be made
whether or not abortion should be advised If there 15 or has been defimte
congestive heart failure or 1f permanent auncular fibnilation 1s present,
termunation of pregnancy 1s mdicated The procedure imohed 15 com-
paratnely harmless dunng the first few months and, therefore, the deci
ston should be made early If it 15 thought advisable that abortron should
not be ynduced the pauent should be advised concermung her acuvities and
should be under frequent medical observation It rarely 1s necessary n
these cases to admumster digitabis unless there 1s congestne fatlure or
permanent auricular fibrilanon Women should be cautioned agamst over-
domg Frequent shopping trips may precipitate symptoms of congestne
heart faflure There sull prevarls 1n the minds of many women and some
physicians that an expectant mother must ‘harden  herself by deliberate
the tnal of labor I have seen such a patient systematically
iles a day over hully ground at the advice of her obstetncian,
month unul she developed heart fallure A resprratory infec
a frequent cause of upsetting the state of compensaton and
as possible it should be avorded When a munor respiratory 1nfec-
s has occurred more than the usnal care and rest m bed should be
vise

enidence of weakerung of the circulauon wiil be a shight

dyspnea a shght nonproductive cough and the presence

s at the bases of the lungs Inasmuch as some subjectne

y have been present before the pregnancy occurred, and many

n without heart disease may complan of shight dyspnea dufing
ancy, 1t 15 no simple matter to apprasse this symptom It has proved

very helpful to me n following these patients to watch the vital capacity
of the lungs When the patient progresses favorably 1t will be found that

the vnal capacity of the lungs, which 1s an excellent objective index of
the degree of breathlessness, will remain essentially unchanged through-
out pregnancy It 1s surprising that even at the eighth month when the

abdomen 1s markedly distended by the enlarged utetus the movements of
the diaph are not impeded suffi Iy to lower the vital capaaty
By tlus sumple determunation one can obtan a check on the panents
climcal condition Obviously the physician should carefully examine the
patient during thesg fequent visits, watchung particularly for basal rales
apart from observing the blood pressure and unmary findings Pitung
edema of the legs which 15 such an important sign of congesuve heart
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tailure 1s not trustworthy during pregnancies because many women mani-
fest this as a result of pressure of the uterus on the pelvic vemns or for
other reasons

If any definite evidence of congestve failure 15 detected the patient
should be kept 1n bed and treated appropnately If this occurs during
the first three months and there 1s already one healthy child, abortion
should be advised after the state of compensation has been improved,
even 1f what appears to be sausfactory recovery of the heart has taken
place If heart falure occurs 1n the latter part of pregnancy, the deciston
1s difficult One needs to consider whether the child 1s viable or whether
the pregnancy can be carried along far enough to obtain a wiable child
In some cases abortion will have to be carried out at the fifth, sixth or
seventh month with the hope of saving the mother It 1s readily seen that
there will be occasions when decistons are difficult and when the outlook
1s not very promusing whatever course 1s taken However, once definite
evidence of congestive failure has developed, that patient should be con~
fined practically to strct rest for the remamnder of the pregnancy

There 1s one type of heart fallure that occasionally develops rather
suddenly n pregnant women even when the heart was normal before
pregnancy This may take the form of acute pulmonary edema during a
toxerma of pregnancy with a nsing blood pressure The mechamsm 15 an
acute left ventricular farlure This condition 1s amenable to cardiac ther-
apy Complete recovery can take place following the use of morphine,
digitalis and phlebotomy when necessary In such cases the heart may
return to normal and pregnancy may continue 1n the usual manner

There are sharp differences of opinion concermng the choice of opera
uve procedure 1n pregnant women with heart disease Some obstetricians
teheve that a cesarean operation causes the least disturbance to 2 dam-
aged heart Others mamntan that 1t 1s best to permut the panent to give
birth to the chuld 1n the normal way There probably 1s no smgle rule
that will be applicable 1n all cases If 1t 15 expected that the labor will be
short and easy and the state of cardiac compensation has been sausfac
tory, I believe a cesarean section should be avoirded When, however, it
has already been decided to perform sterilization, a cesarean operation
should be done and the tubes should be tied off at the same ime One
should hesttate to do thus at the time of the first pregnancy, as during the
operation 1t 1s not known whether the chuld 1s viable or 1n normal health
I recall an imstance 1 which stenhization was performed at the tume of
the first confinement and the chuld died dunng the ﬁrst twenty four
hours The mother recovered 1ly and w
sated She probably would have been able to go through one or two more
pregnanctes, but of course the sterihzation prevented conception Stenil
1zaton should, therefore, be advised when 1t 15 certain that under no
crrcumstances will the mother be allowed to go through any further preg-
nancies In my own experience 1t has seemed that pregnant cardiac women
do very well with ether anesthesia and tolerate an abdomunal section with
very httle difficulty When heart disease 1s advanced and the state of the
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arculation 15 somewhat 1n doubt this method disturbs them Jess than a
delnery from below The intelligent cooperation betw een the obstetricran
and the cardiotogtst has brought about a tremendous fall in the maternal
mortality of those suffening from heart disease This has been well exem
phfi~d mn the special cardrac chinres established 1n Iving 1n hosputals, such
as that msututed by Hamulton 1 Boston We now are able 1o advise
patcnts whether or not to undertake the hazards of pregnancy and then
to qurde them along to a successful termnation with a surpnsingly small
rsk

When the above general rules are apphied the maternal mortahiry will be
le s than 3 per cent This 1s stll meenty times as great as in normal
wonrn There will be unexpected instances of congestnne farlure i some
7 ¢ «f matral stenoss, or fatahues may occur from gross embolr I sus
~  ha the nisk can be a good deal Jess than the mentioned 3 per cent
1« uculous care 15 taken, and now that we have drugs Iike pemallin
1~ 11 ovn expertence there has been no mortaliry whateser except among
4 W patents who became pregnant against my advice

Tmnallv une may ask whether the Iife span of cardiac pauents who re-
cover 1« shortened by pregnancy This 1s a difficult question to answer
Sorre <touistics mndicate that women with rheumatic heart disease (not
dviry, 10 pregnancsy) are five vears younger at the tume of death than
wo~en with comparable condinons who have not been pregnant This
difference may be due to the fact that some develop congestne failure,
reconer partly and succumb a short ume after delivery If heart falure
does not des elop 1t seems unlihely that Iife has geen appreaiably shortened
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Factors Concerning Prognosis tn Heart Disease

All physicians at one time or another have had the disturbing expenence
of making an absolutely wrong prognosis while treatng patents with
heart disease This occurs even when the diagnosis 1s correct Such wrong
prognoses are made both when the condition seems hopeless and the
patient recovers, and also when the patient has been domg satsfactonly
and dies unexpectedly It 1s particularly humiliaung to the individual
physician and harmful to the general medical professton when a hopeless
prognoss 1s given and the artending physician 1s dismussed, if one of the
arregular practitioners 1s called m and, m the natural course of events, the
patient recovers Such an experience makes an everlasng impression on
the parties mvolved and on their fnends and serves to place n disrepute
the entire medical profession It 1s not surpnsmg that the lay public should
feel as they do under these 1t prog more so
than mustakes in treatment, are responsible for the growmg activities and
impertance of the numerous unorthodox medical cults that prevail today
The purpose of this discussion 1s to throw some light on the factors in the
prognoss of heart disease so that such errors may be muumized

There are two parts to the problem of prognosss that frequently arise in
cardiac pattents The first concerns itself with the immediate and the
second with the ultimate outcome The factors that concern the latter are
very 1volved and difficult to measure It 1s almost futile to speculate as
to exactly how long a patient with compensated acmc or mutral valvular
disease will ive There are so many d and drctat

at work that although one can formulate some averagc figures
that roughly guide our concepts of hfe expectancy 1t 15 dufficult to apply
them to individual cases Two patents start out at the age of 15 years
with apparently simular lesions, e g , a slight aortic or mutral insuffictency
One carries on i good health to the age of 50 or 60 and the other picks
up a munor infection that jmtrates subacute bacterial endocarditis at the
age of 30 This formerly proved fatal The same marked differences 1
ulumate outcome characterize disease of the coronary arteries One patient
with angmna pectorss has a sudden exitus shortly after the first symptems
develop and another contmues m fauly good health for a great many
years When we realize thar there may be such extreme vanation 1n hife
expectancy among apparently sumular cases, for the present 1t seems rdle
271
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to try to predict exactly how long many of these pattents will line Per-
haps 1t 1s just as well that prognosts 18 ne more accurate It enables both
the physicran and the pauent to be hopeful and not to feel that the day
of judgment 15 absolutely fixed

The diffe between p and results 15
well illustrated by the influence of the presence of auncular fibnillaton
with valvular disecase Whereas auricular fibnllaton 1ndrcates a more ad-
vanced state of rheumatic heart disease and on the average the life expec-
tancy 1s shorter 1n the rheumatic cardiac patients with auncular fibrillation
than 1n those with regular rhythm, the immediate prognosis and expecta-
uons for improvement ate better 1f this stregulanty 1s found than when
the rhythm 15 normal and the same degree of cardiac failure 15 present

It 15 obvious that 1n any form of heart disease, other things being equal,
the more 11l the panent seems to be, the more dyspnea, the more peripheral

and simfar symp the more serious will be the outlook

On the other hand, there are many patients with marked symptoms and
physical signs of circulatory embarrassment 1 whom the prognosis 15 a
good deal better than 1n others with much mulder evidences of the same
type This occurs because other less obvious factors are not the same n
the two groups of cases We must try to explain why some patents with
heart disease unexpectedly do berter and others do worse than predicted,
and even why, 1n some cases that are considered enurely hopeless, recovery
takes place

Onc simple aid 1 estimaung prognoss 1s the heart rate at which the
pauent develops congesuve fallure If two cases of mutral stenosis and
auricular fibnllaton present the same degree of cardiac failure, but one
has a heart rate of 130 and the other a rate of 80, in general 1t may be
sard that the prognosis 1s better in the one with the rapid rate Here 1t
15 evident that digitalis and other treatment may be expected to slow the
rapid rate and effect a good deal more improvement than when the rate
1s already slow In other words, when the heart rate 1s slow and there 15
constderable peripheral edema, not so much improvement can be expected
as when the rate 1s rapid Thus 1s especially true when the disturbance 1s
one 1n which 1t may be predicted that slowing will be obtained such as s
the case 1n auncular fibnillanon

‘The size of the heart 15 of some importance 1n judging prognosts The
larger the heart, other things beng equal, the poorer the prognosis This
does not mean that one patient with a large heart may not do better than
another of a different type with a small heart I recall seeng a patent
with mutral stenosis and aunicular fibnllation who had marked congestie
heart failure She improved stnkingly on ordinary treatment so that all
evidence of congestion disappeared, and m fact the viml capaaty of the
lungs, which had been very low on admussion, rose to 2 normal level
before leaving the hospital She walked up two flights of stars with one
of the physicians and showed less resprratory distress than he did as a
result of thus effort One mught have predicted that she would do extremely

1 1
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well Her heart, however, was very large, almost filling the chest, and she
died within a year Such expenences are not uncommon

One of the most important factors that needs proper appraisal 15 the
role that mfection plays 1n producing symptoms and signs of heart dis-
ease It 1s evident that infection, although violent, may come to an end
A pauent may be desperately 1ll with respiratory distress, very rapid
heart, even showing signs of gcn:rahzcd congestive hcart failure, and yet
recover so that all evid of y embar ppears Such
a patient may not only feel well and remam well ndefimtely, but physical
stgns of heart mvolvement, such as murmurs, may disappear entirely
Thus sort of dramauc mmp: 1s not altogett 1 young
people The reason that this can occur 3s because under such arcum-
stances almost the entire picture that develops 1s due to an mfection,
generally rheumatic fever Thus 1s apt to be accompanted by a pancardins
with involiement of the pericardium, myocardium and endocardrum
This sort of an infect:on may not only termunate, but recovery from 1t can
be pracucally complete I have seen such patients who were 1l enough to
be on the danger hists m hospitals but who recovered entirely and showed
10 signs or symptoms of heart disease 1 subsequent years If on the
other hand, the same degree of arculatory failure occurred without an
wfection merely as an end result of a burnt-out, long standing chromc
cardiac condrmon, revovery of the type described would be extremely
rare Improvement may occur so that the patient may become ambula-
tory, but there wxll always remain a varymng degree of disability which 1s

ble The to be drawn 15 that when mfection

of the heart 15 present, although the condition may be very critical and
frequently fatal, one has reason to be hopeful for a satssfactory recovery
15 always possible

The role of bronchral dyspnea in heart disease needs special considera-
von m judging prognosis There are a great many people with bronchitrs
of the asthmatic type and emphysema There are also a great many mdi-
viduals who have one form or another of heart disease It would be quite
natural, therefore to find a certamn number who happen to have both
condions  Furthermore, dyspnea on effort or at rest and paroxysmal
dyspnea are symptoms that are common to both heart disease and asthma
It, therefore, becomes very important at times to determme how much
of the respiratory distress 1s circulatory and how much 1s bronchial 1n
ongm The mmportance of the differentiation Les in the fact that the
prognosss m a patient with marked dyspnea of bronchial ongin may be
excellent whereas 1f the dyspnea were mawmly cardiac, t.he outlook would
be quite grave There are of be-
cause of the improper interp of the t of dyspnea For
cases illustrating this problem and for the details that help . avoiding

such errors see Chapter 16

There are other influences at work i the production of dyspnea that
have no drect bearing on heart disease which one must clearly distin-




274 CrinicAL HEART DISEASE

guish, because 1 so far as they are present the prognosss 15 so much
better Obesity 10 1self can produce shortness of breath when the heart
ts normal and, therefore, can be responsible for a part of the dyspnea
when there 1s heart disease The same degree of dyspnea wall have less
significance 1n an obese than 1n a thin individual of the ather findings are
the same In fact, there are many obese patients 1 whom a diagnosis of
heart disease 15 made because they complan of shortness of breath, yet
who really have no structural disease of the heart Likewise, patents
with nervous weakness and debihity complain of shortness of breath and
palpitanon and often are regarded as having organic heart disease when
the enure problem 1s funcuonal Furthermore, there arc many patients
with compensated organic heart disease whose symptoms are in the man
functional or neurotic 1n nature In so far as that 1s true the prognass 1s
<o much tetter There 1s one parucular aspect of this question that de~
serves attenuon I refer 1o a group of comparatvely young indmiduals
who complain of shortness of breath even while at rest They are apt to
say that they cannot get enough air and wall frequently be seen to take
deep breaths ( sighing breathing ) They actually ovenventilate thewr lungs
and sull want more air, 1 contrast to patients with  cardiac asthma
who really cannot 1ake a deep breath and who have true resprratory dis-
tress They will show 1o signs of cardiac fanlure and no evidence of sen
ous orgamc disease and yet feel short of breath without effort When
spontancous paroxysmal dyspnea 1s of importance 1t will generally be ac~
companted by obvious signs of grave heart disease, whereas mn thus type
of  uighung breathing, evaminauon will reveal no essenual abnormaliry
The disuncuion between these two types of dyspnea occurning when the
subjects are at rest 15 most important for on the one band the prognosis
1s excellent and on the other 1t 15 very grave
It 1s obvious that the facthry with which the symptoms of heart failure
(dyspnea, edema and chest pam) develop and with which they disappear
under treaument 15 of some help 1n judging prognosts Ldema of the legs
that develops only at the end of the day and disappears overmght 1s Jess
serious than edema that persists all day The same 15 thought to be true
of angmal pan comung 1n some patients only if they hurry up a hiil and
n others even when they try o shave themselves Simularly, if the pauent
improses quickly, one may repard the outlook as better than if 1t takes
many weeks 1o accomphsh the same result Although there are excepuons
10 the foregoing principles, 1n general they wall be found to be true
In following a case of mutral stenosis T have found that the dev elopment

of hypertension 1s indicatve of a better prognosts than one mght other
wise expect As a group, the majority of pauients with mutral stenosts
will have died before they reach the age of 50 More recently we have
learned that an appreciable number will Ine to 60 and some to more
than 70 It 15 curious that hypertension 1s much more common 1 thus
older group of patients with mmutral stenosss than 1n the general populaten
for corresponding ages, despite the fact that mutral stenosis of tself 1
younger people 1s accomp i by a blood p somes hat Jower than
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the average Why ths should be so 15 not altogether clear, although 1t
may be that the onginal rheumattc nfecuion that produced the mtral
stenosss also had some msidious effect on the blood vessels causing the
hypertension In any event, I have frequently been aided mn giving a
better proguosts than would otherwise be warranted by finding the blood
pressure elevated For example the presence of a systohic blood pressure
of 140 to 160 during some acute cardiac emergency Iike an nfarct of the
lungs with generalized pulmonary edema 1n a pattent with mitral stenosis
would lead one to hope for fecovery although the patient may appear
desperately 1l Smularly if the blood pressure gradually nses to 160
systohc or more from year to year, a patient with mtral stenosts may
progress more favorably than one would otherwise expect The develop-
ment of moderate hypertension, therefore 1s a favorable sign duning the
course of mitral stenosis

It 1s well to contrast the prognosts of dyspnea and congestive heart
falure 1n cases of mutral disease with that in aortic valvular disease
Many patients have well marked heart failure with mutral stenosis, re
cover compensatton and again become ambulatory They may carry on
for many years, gomng through repeated breaks 1t compensation On the
other hand, when a panent with aortic stenosis or msufficency, rheu-
matic or luetic once has dyspnez and peripheral edema his months are
often numbered However, the aortic patient 1s 2pt to be stronger and
suffer less from dyspnea than the panent with mutral stenosis unul this
final break 1n compensanon does occur The effect of tricuspid stenosis
on prognosts was discussed m Chapter 4 It 1s of mterest that when this
lesion 1s present the length of Ife s much greater after heart failure
develops than 1n any other form of valvular disease

Of specral significance 1n constdering the question of shortness of
breath 1s nocturnal paroxysmal dyspnea This occurs most frequently m
patients with hypertensive luetic or coronary artery heart disease This
symptom even more so than pulsus alternans gallop rhythm and bundle
branch bleck carries with 1t a very poor prognosts Most patients will not
survive the first development of nocturnal dyspnea more than two years
There are numerous patients however whom I have seen with pulsus
alternans and gallop rhythm who did well for more than five years We
must try to mndividualize mn our prognosis and st will be found that if
some acute ¢pisode, which can disappear brought to light these grave
signs they need not have the same hopeless outlock Many patients will
show Cheyne Stokes breathing pulsus alternans and gallop rhythm dur-
1ng the height of a coronary thrombosis or an attack of paroxysmal tachy-
cardia and yet recover and do well for years In fact, n some of these
cases of paroxysmal tachycardia the sign of ill omen disappears per-
manently and the patient remamns well ndefinutely Although there are
many exceptions, m general 1t 1s true that when nocturnal dyspnea
Cheyne Stokes breathing pulsus alternans, gallop thythm or block of one
of the branches of the bundle of His occurs the prognosis must be
guarded
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Thyroid heart disease 15 unique m that the progno;ls almost invanably
1s much better than i¢ would be with the same apparent evidence of
cardiac embarrassment of there were no hyperthyroidism  When the diag-
noss of hyperthyroidism and heart disease 15 properls made and effectiye
trearment 15 insttuted, patients who otherwise could nghtly be expected
to be ncurable and even helpless mvalids can generally be restored to
camparative comfort or complete health There 1s no other condition 1
which such evtraordinary ymprovement occuss and 15 so well mamtaned
as m hyperthyroid heart disease For this reason the diagnosts 18 most
important, afthough 1t 15 stlf 100 frequently overlooked It must be sad,
however, that the apparently sich patients are those who generally, but not
utarably, have an additronal and independent form of heart disease as
well, such as mtral stenosis, bypertension or coronary artery disease and
that even here the prognosis 1s still very good

In contrast to hyperthyrowdism, the presence of chrome nephnus 1n a
patient with heart disease mahes the prognosis much worse Chute ofien
when the termm cardrorenal ’ s used in deseribing the chintcal condition,
there really 1s no sigmficant nephnus The unnany findings are those of
passive congestion and not of true renal msufficency It 1s quite mpor-
tant to make this distinction from the pomnt of view of prognosis and,
orduatils, simple methods are sufficient to mdicate the proper differen-
tiaton Exvén when the unine contans albumin and casts, of the speafic
graviey s hugh the unne 1s of high color and there 1s no secondary anema
1 1s extremely unlikely that the Lidneys are insolved to any important
degrec Renal function studies may also be somewhat depressed as a
resulr of passive congestion and return 1o normal when the cardiac con-
dition improses It will be helpful, therefore, to appratse the renal factor
mtelhgently 1n order to make a proper prognosis when there 1s congestive
heart farlure

There are other rarer forms of heart disease 1 which the prognosis
may be excellent despie a considerable degree of heart failure, because
treatment 15 so effectine This applies to cases of benben heart farture
from artenovenous fistula, constnctve pencardius, and heart falure ac~
companying acute nephritis or toxenua of pregnancy

Finally, 1n judging prognosss there are several types of comphcations
that occur 1n heart disease which may be regarded as unespected acci-
dents which may suddenly change the outlook ennrely It often 15 tm-
posuble 10 predict which pauents will develop these complications or
when they will occur There are certam general principles, however, that
enable us to divide our patients 1to those Who are more fikely and those
who are less Iikely 1o have these unexpected “accrdents 1 now refer to
the devel of sub bactenal endocardins, embol (pul 3 or
artenal), the different forms of parosysmal rapid heart acuon, heart block
and cotonary thrombosis It 1s obvious that 1n a pauent with heart disease
who has been progressing most sausfactorily, the prognasts mught sud
denly become grave 1f one of these complications developed

As to subacute bacteral endocarditis, one may expect that pauents

with
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well-marked mutral stenosis or hypertension as a group will only rarely
develop 1t If there has been persistent auncular fibrdlation or a past
Hustory of congestnve heart failure, 1t 1s extremely unlikely that the patient
will ever have subacute bactenal endocarditis, no matter how long he
Ives Tt also may be said that if there 15 no heart murmur, the patient
not only has no subacute bacterial endocarditss but will not develop 1t :n
the tmmediate future On the other hand, those most susceptible to thuis
disease are the patients who have been farrly strong comparatively free
from dyspnea or recurrent attacks of rheumatism, able to work and who
have shown an aprcal systolic murmur of mutral msufficency or 2 basal
drastolic murmur of gortic msufficiency In 2 word, 1t 1s the well-com-
pensated patient with valvular disease, generally rheumanc having the
above murmurs and a regular heart, wathout hypertension, who 1s most
apt to develop subacute bactenal endocarditis

When 1t comes to predicting which panents will have emboh the
problem 15 even more difficult In general 1t may be said that those with
utral stenosts are much more apt to have embol: erther from the nght
auricle to the Jungs or from the left auncle to the systemc arculation,
than are those with aortic disease The presence of auricular fibrillation
with or without mtral stenosis 15 also conducive to the production of
embolt from esther auricle Emboli from the venmncles (generally the left
venircle) occur almost exclusively foll 2 coronary thromt
infarction of the ventnicular musculature I know of ro method hcw:ver,
of foretelling which ones of the above types of pauents will actually have
embolt When such an accrdent occurs the progmosts may need to be
snddenly changed

The third type of accident 1n panents with heart disease 1s the sud-
den development of a new rhythm of the heart A patent with complete
heart block and a slow rate of 30 to 35 may carry on 1z good health for
2 great many years Atsacks of Adams-Stokes syncope however, do occur
unetpectedly and any one of the attacks may be fatal It 1s impossible to
predict when this may take place A much more common ‘acadent 1n
which the rhythm of the heart changes 1s paroxysmal rapid heart action
Thas may be due to auncelar fonitaton, auncular futer, auncalar wachy-
cardia or ventricular tachycardia Thes 15 not the place to discuss the
differential diagnosis of these arrhythmias except to state that 1 most
cases ordinary bedside methods suffice for their proper differentiation
When the heant suddenly becomes rapid the chimical condinon often
quickly changes for the worse, but the patient generally does better than
the physician anticipates because many of these disturbances are transient
and self Limited or respond most sansfactonly to treatment Furthermore
there are many mdividuals who have no heart disease whatever who suffer
from these paroxysms of rapid heart action and carry on indefinitely with
practically no restriction 1 activsttes The important pomnt with regard to
these paroxysms 1s that the outlook 1s not $o grave as it seems for most
of them respond to proper treatment

Fmally we must consider angina pectonss and the acadent of coro-
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nary thrombosis There 15 no other condition mn the practce of mediane
1 which 1t 1s <o difficult to prognosticate Pauents who suffer from angina
pectons may die suddenly and unevpectedly shortly after they are first
seen or may hne for over twenty years Such sudden fatales may but
need not be the result of an acute coronary thrombosis In some the
vessels, though showsng ath will not be thrombosed It 1s even
belicved that sudden death may oceur 1n angima pectons with a normal
heart and normal coronary arterres If this does oceur, 3t must be rare
Patients with angina are also prone to attacks of coronary thrombosis
thar do not cause sudden death 1 know of no wav of predicting when
theee acadents will occur Furthermore, when a patient has an attack of
coropary thromt there 13 no factory method of foretelling which
wdividual panent will sunave and which wall succumb 1 have seen
pauents who were most seriously 11} yecover and others, who apparently
were doing extremely well, suddenly die The age at which other members
of the fammly died of coronary disease at times 1s helpful in prognosss
Here the physicran <hould remam hopeful under the darkest crcum-
stances and set give a guarded prognosis when the progress seems most
favorable

Fially 1t 15 well to realize that as a result of improvement in the case
of the cardiac patient, espeaally the proper use of mercunal duwretics,
salt restriction and other procedures now emploved, patents with con
gestne heart failure fne a good deal fonger than they did a generaton
aza We now see cases of congestine fmture carry on for vears who formerly
died 1n months Some of the older statistics of prognosss, therefore, need
revision

The foregoing ate some of the general principles that T behese will
prove valuable in formulating the prognosis in indinidual panents suffer-
g from cardiac disorders It 1s clear that much remaws to be known
but I have found that these generalizations hase been extremely helpful
and that their use swall at least dimurush the number of errors 1n prog=
nosis, which errors are constamtly placing the medscal profession 1n dis~
repute 1n the minds of the general public and encouraging the work of the
irregular pseudomedical cults that pervade our country
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Nature and Trearment of Congestioe Heart Feanlure

It 15 no simple matter to analyze m detail the nature and exact mechantsm
of congestive heart falure Despite exhaustuve chnrcal, physiologic and
pathologic studies there are many questions that remain unanswered It
may be of some value however, to review some of the more generally
accepted concepts that bear on this subject

Peripheral Circulatory Failure

At the outset the physician must clearly understand what conditions are
not heart fallure The fact that the heart becomes rapid and the blood
pressure falls does not necessarily mean that the heart 1s falling or that
there 15 any heart disease Patients who die of mfections such as pneu-
moma, puerperal sepsis and typhoid fever die when the heart stops but
death 15 not due to heart failure The enfeebled state of the crrculation 15
due to penipheral circulatory failure Measures ordinanly employed to
help the heart are generally useless and at umes even harmful In this
condition the circlating blood volume dummshes, there 15 an madequate
return of blood from the peniphery due to stagnation or poolng of blood
m the capillary bed and venules The heart 1s not apt to dilate and
unless there are pulmonary complications the patient has no dyspnea,
orthopnea or sigmficant ussue edema

Penipheral circulatory failure or shock 1s common 1n infectious diseases
and 15 often the presenting problem following hemorrhage, severe trauma
burns, surgical operations and anesthesia and in stuporous states such as
drabetic coma and cerebral hemorrhage Generally, patients with periph-
eral failure will show a cold, moist skin with blotchy cyanosts rapsd pulse
and an anxious facial expression The blood pressure often 15 Iow but the
systolic level may at times be farrly well maintained while the diastolic
level falls The cause of this state 1s not altogether clear, but that the
primary difficulty 1o the circulation hies m the capillanies and the small
peripheral vessels seems ltkely Studies have shown that the munute output
of blood from the heart 1n this condition 1s apt to be lowered, and that
the venous pressure 1s decreased rather than increased

As for treatment, digutalis 15 for the most part useless and probably
harmful It will not slow the heart rate under these circumstances and
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there 1s reason to believe that it will actually further dimmush an already
decreased cardiac output In fact, none of the drugs we have are of great
value It would be desirable to mcrease the blood volume TFor this pur-
pose mjections of 1000 cc or more of 5 per cent glucose 1n normal salt
solution may be given subcutaneously or intravenously Sometimcs trans
fusions of blood are indicated The most effective method at present 1s
the intravenous injection of plasma or human albumun For acute emer-
genaes caffene sodum benzoate (05 gm or 74 gramns) or coramime
(1 o 5 cc), admumistered intramuscularly or intravenously, may be em-
ployed Inhalanon of oxygen may also be helpful There may be rare
occasions of acute circulatory collapse n which such herorc intravenous
medication will be helpful and possibly life-saving There 1s hope that
some of the newer preparations will be more effective in combarting the
low blood pressure of circulatory collapse Tor no matter what the cause,
a d low blood § 1s dang 1n that 1t sets up a vicious
caircle from which recovery 1s extremely difficult 1of at 2ll possible Oliguna,
mtrogenous retention and increasing stupor quickly result There 15 some
evidence that preparations like parednne (10 to 20 mg given subcutane-
ously) will fasorably counteract this state and produce an elevation m
blood pressure without an 1ncrease mn the work of the heart

THE NATURL OI' CONGESTIVE HEART FAILURE

Symptoms and Signs of Congestive Failure

It 15 only necessary to mention briefly the chmeal evidence of con-
gestive fallure, as 1t 15 farly well understood by most physicians One
should distingwish failure of one ventricle from that of the other, although
both are frequently mvohed Furthermore, 1t must be appreciated that
subjective complaints generally precede physical signs as evidence of early
heart failure Patients may show murmurs, arrhythmias and cardrac en
largement for many years and remamn well compensated There are very
few physical findings which of themselves would make one mnfer that
heart failure 15 present or impending 1 the absence of symptoms Among
these are chiefly Cheyne Stokes breathing, a diastolic gallop rhythm and
possibly pulsus alternans, which may occastonally be echaited Most of the
other physical findings follow subjective complamts

The earliest evidence of heart farlure 15 abnormal breathlessness The
patient notices shortness of breath on effort that formerly produced no
distress This 1s due to farlure of the left ventricle In some, dyspnea may
come suddenly at rest, particularly at mght The mecharusm of these dis-
turbances will be discussed With mcreasing dyspnea the amouat of effort
that can be tol d comfortably d , finally reaching the pomnt of
orthopnea or difficulty in lyng recumbent Cheyne-Stohes breathmng 15
common In the earhest stages physical exammation of the Jungs may
reveal no abnormality, although the vital capacity of the lungs will already
be dimunished and « ray may show some pulmonary congestion Later,
merease 1 the pulmonary second sound, basal rales and finally hydro
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thorax develop In some cases a shght unproductive cough coming at
mght or on effort occurs as a result of pulmonary congestion

The early cvidence of nght sided farlure 15 increased venous distention
or dependent edema The ankles begin to swell as the day progresses,
the swelling disappearing overmght Later, edema of the legs persists and
extends upward, ivolving the thighs, buttocks, abdomen and occaston
ally the upper extremitics and face When there 15 considerable edema, 1t
may mvolve the upper part of the body if the patient can he flat, because
of the eftect of gravity As a part of the venous congestion due to right
heart failure, the venous pressure increases, the jugular vemns become dis-
tended and the Liver enlarges Ascites may be present as a part of the
general process of edema and partly as a result of portal obstruction
Due to the congestion of the hiver there 15 often epigastric pan and other

bd 1 p In fact, lly pam in the right upper ab-

domen on walking may be an early or pnmary complamnt, especially
patients with mutral stenosis, even 1n the absence of dyspnea or notice-
able swelling of the legs In such cases the degree of activity 15 not great
enough to elicit breathlessness, while the increase 1n night-sided failure 15
sufficient to cause pamn n the Iner

There are other general complants that accompany heart fallure but
they are less distnctive and are met with too commonly m other condi~
tions not associated with heart fallure Weakness easy fatigability, msom
ma irrtability, mdigestion palpitanon and dull ache over the precordium
have been emphasized by some authors as early evidence of weakemng of
the crrculation  Although these are complants frequently found 1o car-
diac pauents, they rarely help in establishing the diagnosis of heart failure
and m fact are often misinterpreted when due to other causes

The combinauon of both right-sided and left sided failure 1s seen more
often than erther one 1 its pure form Obviously all degrees of heart
failure will be found In the advanced stage, cardiac patents become
cachecuc, show ing marked Joss of flesh and cyanosis of the skin, especially
of the distal portons of the body such as the ears, nose cheeks hands
and feet With this cyanosis there 1s often a shight ictersc tmt to the skin

Patients with marked congestve falure have mmpairment of sweatng
1m hot humid weather In fact, they have been found to perspire only 25
to 50 per cent of normal and have much greater discomfort with such
weather than other people However, in general, cardiac patients do better
with moderately warm and dry weather than with cold

The Mechanism of Congestive Fatlure

For gencratons there hate been o drametmically opposed schools of
thought concerning the mechanism of heart failure  Accordmg to one 1t
1s believed that heart falure 15 due to nsufficient output of the heart to
the tissues (forward failure) and to the other that 1t 15 due to congestion
of parts of the body or back pressure (backward falure) The arguments
pro and con will not be discussed here, but 1t may serve a useful purpose
to mention some of the factors m crrculatory dynamucs that bear on this
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question They will aid in understanding the events we witness 1n practice
and 1n rationahizing the therapy we employ

One must disunguish some of the symptoms we often sce i cardiac
patients that may be looked upon as by products, compheations or accr-
dents of the cond and not as fund lly related to the question
of heart fallure A patient may have attacks of Adams Stokes syncope
and yet have no esidence whatever of congestne failure, not even expern-
encing anginal pan or dyspnea on the most strenuous effort Many car-
diac patients suffer from weakness This may be due 10 many causes,
among which a dimumshed cardiac output 15 important However, such
weakness can occur without any congestive failure Thus 1s seen dunng
prolonged paroxysmal tachycardia in which, because of an extremely
rapid heart rate, the minute output of blood 1s markedly dimimished The
pauent feels quite weah but he may have neither pulmonary nor per-
ipheral congestion A ssmular sstuation i which there 15 marked weakness
without congestne failure 1s seen 1n some cases of acute coronary throm-
bosis

It 15 of pnmary importance to look upon the left and nght portions of
the heart separately for, although we generally see the sesults of farlure
of both sides, 1t 15 often possible to disingsh the phenomena charac-
terizing the farlure of each side separately At umes one wil observe
evidence of pure onc sided farlure The importance of a balance between
the two ventricles becomes clear from the following analysis If, as a
result of any cause, the left ventricle expelled one drop of blood less per
beat than the night ventncle, wathin three to four hours about one liter
of addonal blood would accumulate 1 the lungs This would lead to
acute pulmonary edema A condition stmilar to this occurs 1n acute left
ventricular fatdure with parovysmal cardiac dyspnea On the other hand,
if the nght ventricle expelled one drop less than the left an equal amount
of blood would accumulate on the venous or nght side of the arculation,
resulung 1 venous dmtention, enlarged Inver and, possibly, penpheral
edema Howeser, if both ventnicles dimirushed their output equafly, al-
though the arculation would slow up there would be no accumulation
on erther side and neither pulmonary congestion nor penpheral edema
would result In other words, although a shght imbalance of the o
ventncles may exist for short persods of time, the two ventricles must
eventually expel equal amounts of blood 1f disaster 1s to be avoided

‘The processes involved 1n the gradual development of congestive heart
failure are both numerous and intricate Let us trace some of the events
that occur dunng the progress of a case of mutral stenosts As the mutral
valye becomes increasingly narrowed the pressure n the left auncle
ncreases The wall of the left auricle becomes shghtly dilated, wluch has
two effects It tends to make the pressure within 15 cavity return to
normal and, following Starling’s “law of the heart,” the shight dilatauon
improves the contraction and compensates for the obstrucuon of the
valve ‘The circulauon 1 restored to normal but with the result that the
left auncle 15 shightly larger, and eventually the pressure m the auncle
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and the pub y circuit t d As years go on and the
condition progresses the right ventricle feels the burden of the mncreased
pulmonary pressure The pulmonary second sound increases i mtensity
The nght ventricle first dilates, thercby increasing 1ts ability to expel
blood, and later hypertrophies It 15 a matter of general expenience that
prolonged dulatation precedes and 1s the stumulus for hypertrophy In this
way the bilateral balance of the two sides of the heart 15 mamntaned
The equlibnum that now exists 1 this patient with mutral stenosis s
such that, although there 1s no peripheral congestive failure, there has
been a shght increase 1n the volume of blood 1n the lungs owing to the
protonged backward pressure behund the stenosed valve At thus stage the
patient may be short of breath on effort but shows no rales in the lungs
The vital capacity of the lungs, however, may already have decreased
This measurement often 15 the first evidence of a dimuushed cardiac
reserve and 1s the result of a decrease 1 the total available air space in
the lungs In the early stage, even 1f the vital capacity has not yet decreased
when measured with the pauent at rest, 1t will be found that effort wall
dimnush the vital capacity whereas the same effort will produce no change
1n a normal individual

In following the developments of the above case the progression may
take different courses If the night ventricle has become sufficiently hy-
pertrophted and has not dilated too much, and the mutral obstruction 1s
c derabl; breathl may result from further engorge-
ment of the pulmonary cirewt In fact such pantents often have attacks
of pulmonary edema At such times as a result of addmonal effort or of
some nervous mechanism or for some other 1l defined reason, the nght
ventricle pumps out more blood than the left and the difference 1s trapped
m the lungs An adjustment of the circulatton occurs as the nght side
decreases or the left side increases 1ts output From tlus one can see how
phlebotomy may occasionally be helpful 1n producing this adjustment
This 1s the small group of cases with so called tight mutral stenosis with
marked ncrease m pulmonary pressure, prone to attacks of pulmonary
edema but without night sided fallure who are now bemng subjected to
shunting operations This will be further discussed later

‘The course of events, however, may be different The nght ventricle
may dilate beyond the pomt of mechamical efficiency Wath thus there 1s
an 1ncrease 1n the pressure 1 the rght suncle, the venae cavae and the
systemuc vewns Thus wncrease 1 the venous pressure (normal values are
40 to 80 mm of water) 15 the first evidence of nght sided failure One of
the earliest results of this 15 engorgement of the liver Another 15 the
development of pitting edema of the recumbent portions of the body In
some cases, despite the mncrease m venous pressure, peripheral pitting
edema does not occur or 1s delayed because there are other factors con-
cerned with the production of edema Among these one of the most
important 1s the pumping action of muscular contraction of the legs on
the venous retumn If there has not been enough dyspnea to prevent the
panent from walking, the exeraise of the legs tends to delay the develop

M
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ment of edema Changes 1n the walls of the capillanies, the osmouc pres
sure of the blood, the development of acidosts, and to a lesser extent the
question of tissue anoermia, which 15 determned by the volume output
of blood, all may have a beanng on the appearance of penpheral
edema

The recent work of Stead and his colleagues has emphasized the impor-
tance of forward fmlure, mainly in the production of edema According to
this concept, 1n the carly stages of heart failure there 1s a decreased out-
put from the left ventnicle As a result there 1s a considerable decreased
renat flow and retenuon of sodwwm This 1s interpreted as the pnimary
cause of fluid retention and preduction of edema An important pomt 1n
our ncw knowledge 1s that when there 1s a shight fall 1n left ventncular
output (and cven when there 15 no fall) there may yet be a considerable
decrease in renal flow  Different organs partake differenty in the changes
mn blood flow, so that changes in total blood circulauon cannot tell us
what 15 happerung 1n any particular organ

The above hypotheucal case could therefore present tself at one stage
as a patient with mitral stenos:s complaiming of dyspnez on exertion
without physical signs of congestion but having a dimimshed vital capac-
ity of the Jungs At another me this patient nught have a good deal of
obvious pulmonary congestion with marked breathlessness or he might
show considerable venous distention, enlarged Iner, with or without
pitting edema, and hittle dyspnea Finally, all the evidence of failure of
both sides of the circulation may be present

If a hypothetical case had started with hypertension or aottic valvular
disease the primary strain would have been on the left ventnicle At first,
because of the increased work, the left ventricle would dilate a bit, and
thereby compensate to eject the normal amount of blood 1nto the aorta
If 3t did not do so for any sigmficant length of time, acute pulmonary
edema would result In the course of ime the prolonged dilatation and
subsequent hypertrophy of the heart progress beyond the pomnt of 1m-
proved efficiency and the left ventncle fails to propel as much blood as
the nght ventricle The result, as 1n the case of mutral stenosts, 1s creased
pulmonary pressure, congestion of the lungs and dyspnea The nght ven-
tricle, laboring against a constant mp m the pul Y
artery, becomes hypertrophied This accounts for the frequent enlarge-
ment of the nght ventricle that 1s found i cases of left ventricular strain
Funally, when the nght side 1s sufficiently embatrassed, penipheral edema,
engorged Liver and ascites may develop Panents who ongmnally had pr
mary left ventnicular stran may be seen with vanous combmatons of
cardiac failure, some mamnly wath dyspnea, others with hittle or no dysp-
nea and showing for the most part penpheral congestion, and sull others
with different degrees of both

There are other effects on the dynamucs of the circulation and physto-
Togic functions of the various organs of the body that result from con
gestve heart failure The total volume of blood increases From a normal
amount of about 5000 cc 1t may increase to 6 or 7 liters or more Thus
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1s one of the most constant changes that accompany heart falure This
excess blood 15 stored throughout the venous side of the crrculanon, the
lungs and to some extent i the dilated heart The fact 15 often overlooked
that when a heart 1s considerably dilated there may be as much as 1 hiter
or more of blood 1n excess of normal withmn 1ts chambers In such cases
there must be a large amount of residual blood 1n the heart, for no -
creased amount 15 expelled with each systole ‘The total blood volume will
always decrease and approach nermal with chinical improvement It has
been difficult to explan what happens to the 1 or 2 hers of blood that
disappear from the body as congestive falure improves Recently, how-
ever, 1t has been shown that during congestion there 1s an increase o red
blood cell formauon as evidenced by reticulocytosss, and with improve-
ment there 15 a dimunution 1n blood formatton and an increase 1 blood
destruction The latter 15 indicated by an increase in the icteric index of
the blood and 2 marked increase m the urobilinogen 1 the stools The
ncrease 1n blood volume in congestive failure 1s so constant that occa
sionally 1t may serve as a diagnostic pomt I recall an instance in which
a man with defimite organic valvular disease had a good deal of edema
and pulmonary congestion There was ample evidence that he had
nephnus as well At first the problem was regarded as one of heart fail-
ure It was found, however that the blood volume was perfectly normal
‘This and other studies of the dynamucs of the circulation all showed that
the patent could not have heart failure and that the edema must be due
to nephntis He died shortly thereafter of typical uremia

Disturbances 1 the velocity of blood flow are of constderable 1mpor-
tance mn cardiac pattents In certan hyperdynamuc states, such as obtamn
dunng fever, exercise, anema and especially with hyperthyroidism, the
rate of blood flow (not to be confused with the heart rate) 1s wicreased
Blood moves more rapidly from place to place m the arculaton With
congestive farlure the blood veloaity 1s slowed up, mamly owng to the
mcrease m the blood volume or circulatory bed When slowing s con-
siderable there 1s likely to be pulmonary congestion, but shght slowing
can take place i constricuve pericarditts, when the lungs are not con-
gested One factor that has been neglected as causing a slowing 1 the
veloaity of blood flow as usually determined 1s the volume of the heart
1tself There are mstances of marked dilatation of the heart especally of
the auncles, when the cavities may contain 2 liters or more of blood
The crculation tme will necessanly be markedly prolonged because of
the dilution 1n thts enormous residual pool and the slow movement of
blood, even if there 15 no pulmonary or venous stasis The methods 1n
common use measure the time 1t takes for blood to flow from a vemn at
the elbow to the heart, through the lungs, out of the aorta to the tongue
or resprratory center Normally this requres about fifteen seconds When
delay occurs 1t takes place for the most part 1n the lungs or heart Patients
with marked congestion may show a velocty of blood flow (arm to tongue)
of twenty five to fifty seconds or more In fact if the rate of flow 1s nor-
mal 1t 15 unlikely that there 1s any chromic cardiac congeston of the lungs
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There are vanous methods of measuning the veloaity of blood flow
that are 1n current use Sodwm dehydrocholate or decholin (3 to 5 c¢ of
a 20 per cent solution) may be mjected into an antecubstal vemn The
tme from the mmection to the arrval in the tongue 15 signaled by the
sens<ation of a bitter taste Symilarly, 2 to 3 gm of sacchanin 1n a few cc
of stenle water may be mjected The end pornt 1 this case 1s a sweet
taste Sodim cyanmide (025 to 05 cc of a 2 per cent aqueous soluton)
may also be used The advantage of this method 15 that the end point
15 objective, for the pauent will suddenly take deep gasping breaths the
moment the drug reaches the carond sinus Alpha lobeltne hydrochloride
(5 mg—05 cc of 1 per cent solution) intratenously can be used The
end pont 1s a sudden cough thought to come from caronid sinus stimula
tion Calcrum gluconate (25 cc of a 20 per cent solution) mav be used,
1n which case the end poimt 15 a sensation of heat 1n the tongue or mouth
Caution must be exercised 1 impecung calcrum when the patient has been
receiving full doses of digstalis because of a synergistic action of the
o drugs In all these procedures the patient should be recumbent and
srelaxed with the arm lying at about the level of the heart The mnjection
should be rapid and the end point accurately timed with a stop watch

The preceding methods measure the tume 1t takes blood to flow from
a vem in the arm through the lungs, back to the heart and out through
the aorta If 1t 15 desired to measure the nme consumed n the flow of
blood through the lungs, the ether method 1s used An injection of 03
to 05 cc of ether with an cqual amouns of normal saline 15 made into
the brachial vein The moment the patient or the obsenver detects the
ether mn the breath 1s the end point This tume, which normally 1s about
four to eight seconds, subtracted from the arm to tongue ume s an
ndurect of the pul 3 crrculation time because most of
that delay takes place m the pulmonary vessels

Measuning the velouty of blood flow 1s a simple procedure for duffer
entiating many conditions such as emphy y b hiis, b hop
monta, cancer of the lungs and aneurysms from heart falure Not infre
quently the features produced by these conditions, such as duliness, rales,
dyspnea and chest pan, are mustaken for congestne failure In all of
these states the veloaty of blood flow 15 normal or not much changed,
whercas 1f heart faifure 15 present 1t 1s slowed It 15 evident, thercfore,
that a prolonged circulation ume through the lungs 1s an indirect method
of detecung fatlure of the left ventricle There 1s one smportant exception
to this general rule When acufe pulmonary edema develops 1n 2 pauent
who previously was 1n farrly normal health, as may happen with acute
coronary th X or 1 a well-comp d hypertensnve ndsvidual, the
velocity of blood flow may be essentrally normal It apparently requires a
more chrome state of passive congestion in the lungs, so that pulmonary
blood volume 15 markedly mncreased, before slowing of the crrculation may
take place

An 1ncrease i the venous pressure likewise affords an early measure
of fatlure of the right ventricle Thus can often be estimated by observing
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the degree of distention of the cervical verns Normally these vemns are
completely collapsed with the pauent 1 the uprght or semrecumbent
position The height above the heart to which the distention nises serves
as a rough measure of venous pressure The exact reading can be made
directly from the antecubital vewns (normally about 40 to 80 mm of
water) In certam cases 1n which the question of congestive heart farllure
15 1n doubt, the determination of the venous pressure may be very help-
ful Obviously an enlarged liver or ascites may be due to a mahgnant
growth alcoholic currhoss, mflammatory condittons or passive conges-
tion Simularly, edema of the legs may be due to nephnitss, varicose veins
or cardiac falure In all such cases 1f the cardiac function 1s mtact the
venous pressure 1n the arms will be essentially normal

One of the simplest and most valuable of the measurements that aid 1n
estimating cardiac efficiency 1s the vatal capacity of the lungs Some of
the factors that influence the vital capacity have already been discussed
(Sec Chap 6) All that 15 needed to obtamn tius reading 1s a sprrometer
The apparatus 1s very simple mexypensive and requres no upkeep The
test can be performed mn one minute by any physician and will afford
vatuable information It has been very much neglected and should be
used by all pracumoners Once a dagnosis of heart disease has been
made, the vital capacity determunations will be much more valuable 1
estimating prognosts and m following the progress of a cardiac patient
than the more expensive electrocardiograms that are frequently raken
Furthermore the finding of 2 normal or supernormal vital capacity prac-
tically rules out congestive heart falure This 1s particularly valuable in
detecting cases of functional dyspnea when the readings are so often
perfectly normal Dimunution mn the breathing space 15 a very early sign
of left ventricular failure As has been stated this may precede the ap-
pearance of basal rales The decrease 1 the vital capacity results mamly
from engorgement of the pulmonary vessels, which thereby dimumishes
the available alveolar spaces, and from a loss of elasticity of the bron
chioles Other factors m some cases are the development of hydrothorax
and even the huge size of the heart The volume of the heart occasionally
may be actually 1 or 2 lters greater than normal It 1s obvious under
such arcumstances that, with the thoracic cage remamning unchanged
size, the available space for ventilahon must dimimish considerably
Normally the average adult having a total breathung space of about 4000
cc inhales 400 to 500 cc with each breath and on effort can mncrease
both the rate and the depth of respiration without distress When the
vital capaaity 15 dimumshed to 2000 cc he reaches hus greatest possible
depth of mspiration more readily and will resort to a greater mcrease 1w
rate of resp to atram adequate ventil Furth with these
short and rapid breaths there 1s an increase i the propornon of the dead
space (that upper part of the resprratory tract in which the air 1s not
exposed to the blood for gaseous exchange) In this way a dummshed
vital capacity 15 conducive to dyspnea or uncomfortable breathing

It 15 also of some interest that pulmonary congestion may set up cer
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tam vicrous creles which tend to aggravate the very condition that pro-
duces them Bouts of coughuing, so common i cardiac falute, tend to
ncrease still further the return flow of blood to the night side of the heart
and thereby oserburden the pulmonary circuit The same 1s true of the
act of overventifanon or agitated breathing such as 1s scen dunng the
period of hyperpnea of Cheyne-Stokes breathing I'rom this 1t 15 clear
that whatever tends 1o quiet cough or vigorous breathing, such as a hypo-
dermyc 1njection of morphine, not only makes the patient more comfort-
able but actually improves the underlying congestion

There 15 a form of breathlessness common i certan cardiac patients
that 1s particularly prone to occur at mght It assumes forms of varymg
severty, from a shght increase i the degree of dyspnea to violent attacks
of suffocation It s often called “paroyxsmal nocturnal dyspnea™ or “car-
diac asthma It occurs most ¢ Iy 1n with cond m
which there 15 a stramn on the left ventncle, such as hypertension, sortic
valvular disease and coronary artery disease It 1s less frequent in cases
of mutral stenosis The factors that underhie this phenomenon are numer-
ous When the patient goes to bed there 1s a slight gradual shift of flud
from the peniphery to the pulmonary crcuit Venous retum from the
Iegs becomes facilitated, blood volume mcreases through hemodiluuon,
pressure 1n the penpheral vems and the nght auricle rises and the nght
sentricle expels a hittle more blood than the weakened left ventncle can
expel There 1s also a sight increase 1n the metabolic rate of the body as
the day progresses This and the bodily activties dunng the day tend to
produce greater pulmonary congestion The vital capaaity of the Jungs
which already had been diminished becomes further decreased Further-
more, sensory perception 15 obiiously dimumshed dunng steep and the
reflex sumult from congested lungs, which are most important 1n the con-
trol of breathing, are less effectve than duning the waking hours The
result 15 that a greater degree of pulmonary stasis develops before the
reflex stimuls from the lung are effectne 1n producing exaggerated respira~
tons T'inally the sumulus becomes sufficiently great to arouse the patient
from sleep The respiratory center now responds vigorously The patent
1s then found to be breathung laboriously with evidence of shght or marked
pulmonary edema The cough that frequently accompanes the attack and
the vigorous rapid breathing both tend to make the condition worse The
victous airele may be broken by dumnishing the return of venous blood
to the night heart or by decreasmg the sensiuvity of the neryous system
The former 15 accomplished sf the patient assumes the upright position of
occastonally 1f phlebotomy 1s performed, and the latter by the use of
morphne

‘The foregoing discusston explains in general terms the mechanism of
nocturnal dyspnea There are however, other less important influences
volved which may serve as preciputating factors The act of coughing
a full bladder, abdommal distention, unpleasant dreams, a change
environmental temperature, lowenng the head or a Jarge meal have all
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been observed to precipitate attacks of paroxysmal dyspnea mn cardiac
patients By some methods, probably through nervous reflexes, these fac-
tors serve as tgger mechamsms, but they all require a background of
pulmonary congestion to be effectne m the production of attacks of
dyspnea

Among patients who suffer from breathlessness, especially those with
nocturnal dyspnea, and 1n some who are hardly aware that they have
any dyspnes, periodic or Cheyne-Stokes breathing 1s quite common
Much attention has been given to 1ts explanation but, although some light
has been thrown on its mechamism this pecubar phénomenon still re-
mains obscure It occurs mamly m pauents with left ventricular fatlure,
particularly 1n older people, and 1s most marked during, if not entrely
confined to, the peniod of sleep The breathng waxes and wanes with
1ntervals of apnea varymng mn length from a few seconds to even 2 mmute
The penod of hyperpnea following the apnea may be very violent and
awaken the patient mn great agitation In fact, this accounts for many
attacks of nocturnal dyspnea

Apart from the ope pred factor of pul y congestion there
are other factors that have some bearing on the productton of this type of
penodic breating A dummnution 1 the blood flow to the respiratory
center, a decrease m the sensitvity of the respratory center and of the
entire nervous system during sleep, an increase m intracramal pressure
and a dimmnution 1n the carbon diwoxide content of the blood may all play
their respective roles Once a tendency to peniodicity develops it 15 not
difficult to understand why 1t may contmue or become more marked
Duning the apnex. intervals the carbon dioxude level of the blood (which
1 the main stmulus for respiration) mncreases, as carbon dtoxide 1s not
being expired from the lungs The oxygen content of the artersal blocd
15 decreasing, as very litle oxygen 1s bemg absorbed from the lungs
After a sufficient snterval has elapsed the stimulus becomes great enough
even to arouse the mnsensitive respiratory center which responds m an
exaggerated fashion The result 1s violent hyperpnea which 1n time gets
nid of the accumulated carbon diotide from the blood through the Iungs
until the level 15 agam too low to excite the respiratoryTcenter and the
cycle begins again

Morphine helps patients with Cheyne Stokes breathing not by domng
away with the periodic breathung, for 1t may even lengthen the periods of
apnea, but by dmumshing nervous sensmvity and thereby preventing
panients from bewng aroused by the uncomfortable hyperpnea Caffeme in
large doses, on the other hand, may temporanly ehmunate this type of
breathng by g the y of the resy y center More
recently hylline grven intra Iy m doses of 024 to 048 gm
(3% to 7 grains) has been found very useful What is more important are
the measures that improve the underlying pulmonary congestion When
cardrac therapy ds 1n prod g a duresss, even one of
shight degree, the condinon may be greatly improved Furthermore, the
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condition may be greatly helped by having the patent sit up 1n a charr
with the fegs hanging down rather than by heeping hum in bed Ths also
tends 1o dummush the venous return to the nght heart

There are some other sequelac of congestive heart falure apart from
those directly related to the dynamucs of the circulation  Fever and leuko
cytosis are commonly seen in conjunction with cardrac congestion In
some nstances an intercurrent infection may be the precipitaung cause
of the heart fallure Frequently, however, congestion itself produces
shight fever When the temperature 15 over 101° T 1t 1s more Itkely to
be due to some nfe Iike bronchor th fever or sore
throat, or to mfarction m some organ, especially the lung The fact that
shght fever (100 to 101° T' ) may result from uncomplicated heart farlure,
though commenly observed 1n ordinary cardiac patients, 15 best Hustrated
1 rare cases of paroxysmal tachycardia Here one may see a panent with-
out orgamc heart disease suddenly develop a rapid heart rate, and if the
attack 15 prolonged he may gradually show evidence of pulmonary con
gestion and with 1t fever and leukocytosts With disappearance of the
congestion the temperature and white blood count return to normal

Jaundice 15 another finding 10 some cases of heart failure There are
three factors mvolved 1 the production of this type of jaundice In the
first place passive congestion of the liver and anoxemia may 1mparr Liver
function and disturb the evcrenon of bile through the bile ducts Sec
ondly, pul 3 infarction s frequentl, d with jaundice through
the breakdown of red blood cells 1n the fung Finally, as congestion 1m
proves there 18 an ncrease 1n blood destruction The icteric index 1 some
cases may reach levels as high as 20 to 30 or more As a result of prolonged
hepatic congestion, cardiac cirrhoss may alse develop This may produce
the added picture of portal obstruction to the already eustng cardiac
edema In such cases repeated abdominal paracentests may be required
Asaites may be quie conspicuous and out of proportion to the other
essdences of heart falure This occurs most frequently 1n cases of orgamc
tricuspid stenosis and 1n constrictve pencarditis

In determuning the presence or absence of congestne heart fallure, 1t
15 helpful to disunguish the objective from the subjective mamifestations
Symproms are more often musleading than signs Breathlessness may be
functional or bronctual 1 ongin Pam m the chest may be due to spondy
tiis and not to heart disease Likewise, the objectine signs may also have
other causes than the heart Peripheral edema may be due to vamcose
vems with its accompanying lymph stasss, rales to pneumonia, and en
larged liver to alcoholic currhosss or cancer It 15 often much easier t0
ascertain whether heart disease 1s present than whether there 1s heart
falure

In observing and guiding the course of a patient with orgamc heart
disease 1t 15 most 1mportant to bear 1 mnd the factors that tend to pre
cipitate heart fallure Inasmuch as the underlying ongmal causes such as
th 1c fever, arterioscl and hypertension cannot as yet be pre-
vented, care must be exercised 1n protecting cardiac pauents aganst the
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aggravatg or precipitating causes The most important of these 15 infec
tion The others are for the most part those situations that unduly increase
the work of the heart Excessive physical effort, prolonged emotional
stram obesity, pregn , anemma, hyperthyroidism or any cond: that
accelerates the heart may be contributing factors In so far as they can be
prevented or remedied, yust so far will ulimate heart failure be delayed
The disunction has already been drawn between congestive heart fail
ure and peripheral airculatory fatlure It must also be made clear that
“both d may extst 1 ly Ths 1s particularly true in
some cases of acute coronary thrombosis and when orgamic cardrac pa-~
nents have mtercurrent condstions such as pnewmomna or cerebral bemor
rhage When both types of failure coewsst difficulties anse concerning
some of the methods of therapy commonly employed A pattent with
severe acute coronary thromt may have pul y edema mdicating
left ventricular failure, and cold, gray, moist skin with a low bleod pres-
sure as a result of peripheral shock For the former condition phlebotomy
rught be useful and for the latter one might reasonably give a trans-
fusion Likewsse, digitahs 1s beneficial for the former and useless or
harmful for the latter In such cases the physicians must weigh the ad
vantages and disadvantages of the treatment 1n each individual mstance

The Clhinucal Picture of Congestive Fatlure

A brief review of the chmcal picture of congestive fatlure may now be
summanzed even at the nisk of some repetition The type and seventy of
complamts and the variety of physical findings will depend on the par-
tcular case involved and the stage of the process that has been reached
Symptoms as a rule precede signs Breathlessness 1s the most important
and generally the earliest evidence of heart failure As has been discussed
previously 1t 15 necessary to rule out other causes, such as those of a
functional and pulmonary nature, before regarding breathlessness as due
entirely to the heart In hypertension, aortic and coronary cases dyspnea
may first appear at night, whule 10 other cases 1t 1s first noted on effort
Cheyne Stokes breathing especrally duning sleep almost always means
heart fallure Even before dyspnea occurs most cardiac patients complamn
of fatigue lack of pep, 1 and ner ‘These
general complaints are too common mn many other conditions, particularly
1n neurasthenta, to be very helpful diagnostically

Edema of the ankles then develops At first 1t 15 transient, disappearing
overnight Later 1t may persist When orthopnea does not prevent the
patent from assumung the recumbent position at mght, edema may
spread upward earher in the progress of the discase and mvolve the
arms and face The liver becomes engorged and causes pam or discom-
fort 1n the upper abdomen, and 1n the course of time ascites may develop
‘The amount of urine voided also decreases

Examunauon will show vanous findings in drfferent cases Basal rales or
d m y are among the earhest objective evy
dences of heart falure Diminution 1n respiratory excursion 1s reflected
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a diminution of the vital capacity of the Jungs The x ray may show evi-
dence of pulmonary congestion 1n the absence of rales Later free flud
accumulates m the pleural cavities, especially the nght Auscultanion of
the heart may or may not reveal abnormahuies depending on the narure
of the lesion Murmurs, irregulanties and even cardiac enlargement, if
present, are not necessanly indicative of heart failure, though they may
signify the existence of heart disease The presence of a drastolic gallop
thythm or pulsus alternans may generally be rehed upon as signs of failure
or impendmng failure .

Cyanosis 15 apt to appear rather late In some cases of mutral stenosis
and 1n chronic cor pulmonale, 1t 1s often very marked The cenvical veins
become distended and may remain so even when the patent 1s 1n the
semirecumbent position Gradually, when severe heart falure continues
for years, a high degree of cardiac cachexra with marked wasting of tissue
takes place Such pauents may show considerable swelling of the lower
half of the bedy with very thin, emactated arms and thorax The unne,
which 1s small 1n amount, may show alburmin and casts, but unlike that
seen 1n chromc nephrnts 1t will be highly colored and of a high specific
grauty An unexpected gan of weight, while the food intake 1s actually
small, often occurs and 1s due to the retenuon of flnd This may take
place without obvious edema, for cardiac pauents can have as much as
5 liters of excess flurd 1n the mtercellular tissue spaces and yet show no
pitting  Shight jaundice, often due to a Licating pul y 1nfs
1S 1OT uncommon

Of greatest importance 15 the realization that most of the signs and
symptoms of heart failure may be simulated 1 other noncardiac condr-
tions An enlarged Iner may be due to cirhosis or cancer, pulmonary
rales to pneumonya, bronchius or tumor, edema of the legs to nephrius,
pelvic tumor, varicose vems or hypoproteinemua, increased venous pres-
sure to supenor mediastinal obstruction, and so on One could further
elaborate these stmilarities It obviously 1s necessary to appraise the entire
picture most carefully m determining the presence or absence of con
gestive heart faillure

The Action of Digitalis

There 15 hardly a drug in medical use that has been studied so exten-
swvely as digitalis Despite the most exhaustive pharmacologic myestiga
tions concermng its mode of action, many questions remain unanswered
This discussion will be limited primarily to some of the known effects of
digatalis and to the sumpler aspects of 1ts clincal indications

Digitabis 1n sufficient doses mcreases the irmtabiliry of the heart as
ndscated by the producton of ectopic ventricular beats, first few 1 num
ber, then 1 the form of ventricular tachycardsa, and finally with the
development of fatal ventricular fibrillatton In the expermmental animal the
latter mechanism 15 generally the cause of death when lethal doses are
gven The therapeutic dose which averages about 35 to 40 per cent of the
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lethal dose causes nome of these wregulanities except possibly a few
extrasystoles

Digualis also slows the conduction of impulses This 1s especually
poticeable 11 a prolongation of the P-R mterval The effect may be suf
fictent to result i partial heart block and rarely even 1 complete heart
block Oceasionally 1t disturbs the conduction of mpulses through the
mam or finer branches of the bundle of His, altening the form of the
QRS waves

Most of the slowing that results from digitahs and 1ts allied drugs 15
produced by its sumulating effect on the vagus nerve Apparently some
of the slowing 1s extravagal for 1t 15 only partly abohshed by full doses
of atropme In cases of auncular fibrillation, conspicuous slowing of ven-
mcular rate results This 1s brought about manly by the action of the
drug on the junctional conductive tissue In hearts with a normal regular
rhythm, only very slight slowing occurs Thus slowing 15 so slight that 1t
cannot be the cause of such stnking 1mprovement as 15 witnessed 1n many
cases of heart fatlure with a normal rhythm

‘There are other effects on the heart muscle produced by digitalis Pos-
sibly the most mmportant pharmacologic effect of digitahs 1s that it m-
creases the strength or force of contraction of cardiac muscle By direct
action on heart muscle 1t lengthens the refractory period and slows the
rate of propagation of impulses These effects are counteracted by the
mdirect action of the drug through the vagus which shortens the refrac-
tory pertod and accelerates the transmmssion mterval The final effect s,
therefore, vanable, depending upon which mnfluence predonunates The
drug has another direct effect on the ventnicular musculature that s
shown m a pecubar tversion of the T wave of the electrocardiogram
(see Chap 21) It also causes a shght shortening of the Q-T nterval
Amnimal experimentation has shown that, while therapeunc doses of digi-
tahs produce no pathologic chapges i the heart muscle, toxic doses do
cause definite necrosis of heart muscle fibers and mflammatory changes
and also changes mn bram cells Whether these findings are i any way
related to the previously mentioned electrocardographic evidence of myo-
cardial effects 1s doubtful

It has Jong been known that digitalis dimmushes the size of the heart
This has been ascribed to an merease m tonus  of the heart The possi-
bility that thus effect may be due to a penpheral mechamism was sug
gested by Dock and hus coworlers They showed that digitalis produces
constriction of the hepatic vens In this way 1t may be supposed that
the drug peols blood 1n the Liver and thereby dimimshes the venous pres-
sure and venous return to the mght side of the heart, decreases the cr-
culating blood volume and decreases heart size In any case, one of the
most constant actions of digitahs from a practical point of view 1s that of
decreasing the size of the heart

There has been much discussion concerning the action of digitalis on
the coronary artenes and coronary blood flow Most of the evidence
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ponts to a constricting action on these vessels due to a vagal effect It
1s unltkely, however, that this results 1 diminished blood flow through
the coronary arteries because compensatory effects may result from the
accompanying slowing and other actions of the drug

It 1s thought that digitalis improves the efficiency of the heart By this
1s meant that 1t enables the heart to do the same work wath less expend:
ture of energy The evidence for this view 1s indirect and incomplete
More knowledge concerming the :ntimate metabolism of beart muscle 15
needed It has been found that with heart fallure the potasstum and
creatine content of heart muscle 15 diminished It is apparent that, when
the heart 1s unduly dilated, a decrease 1n size brought about by digitalis
mght well increase the mechanical efficiency of contraction It can read-
ily be seen thar the effect of all these factors on the output of the heart
will be vanable The decrease m venous return would tend to dummish
and the improvement 1n cardiac efficiency or capaary would tend to
increase the cardiac output The former effect will predommate m cases
1 which the heart 1s normal or essenually normal and there 15 no abnor-
mal residual blood 1n the heart, for no matter how efficient the heart
may be 1t cannot pump out more blood than 1t receives When there 1s
severe heart falure, however, the decrease 1n venous return 1s not a
handicap and the improvement of the efficiency of contraction may be
sufficient to produce an actual increase m the cardiac output Direct
measurements, 1 fact, hase shown that digitalis actually driminishes the
output of the heart in normal individuals and 1n panents with conditions
like pneumomia where the heart 1s regarded as normal In congestive
farlure, when the output may be erther normal or somew hat dimunushed,
digatahis has been found to produce a vanable effect In many cases there
1s an 1ncrease but m some a decrease in the output depending upon which
of the two opposite effects predominates

In the normal heart a small amount of biood stll remains wittun the
ventricular cavities after ventricular systole Emptying of the caviues be-
comes more complete with effort or when special demands are made In
heart farlure there remains a greater amount of residual blood after con-
traction, and when the need mcreases the ventrcle involved (or both
sides) 1s not able to keep pace and emptymg of the chambers becomes
even less well performed Digitahs ards the fahing heart m performing
this function more adequately

The man indication for the use of digitalis 15 congestive heart farlure,
whether 1t be Jeft or nght ventnicular, or both It does not matter then
whether the blood pressure 15 high or low, whether the heart rate 1s
rapid or slow, or whether the aortic or nutral valve 1s mvolved When
there 15 also a sigmificant pulse deficit, as occurs m cases of auncular
fibrllanon or auncular flutter, apart from the previously mennoned
effects, the drug improves the arculaton by eliminatng or diminshng
the pulse deficit When there 15 considerable cardiac hypertrophy, slow-
g of the rate 1s more important because a thick musculature needs 2
Jonger duastolic rest period for oxygen diffuston It 15 open v questiont
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whether or pot 1t 1s desirable to give digitalis continuously to those patients
who have no heart falure but who manifest conditions that might lead
to failure, such as hypertension with cardiac hypertrophy If the circula-
tory dynamucs are already normal and the patient has no symptoms 1t 15
Iikely that digitalis 1n therapeutic doses will upset the patient, and if
there 1s no dilataton of the heart the cardiac cutput would probably be
dimimushed by the drug rather than mcreased

Digatalis 15 also used for Jong periods of time 1 those patients who
recover from heart fallure, to mantam the improvement that has been
obtamed, whenever the underlymg condition 1s chromc and 1t 15 feared
that heart failure mught recur There are disturbances 1n cardiac thythm,
not necessarily associated with congestve failure, for which digitabs may
beused Paroxysmal or mamntamned aurrcular fibrilauon or aunicular flutter
and 1nstances of paroxysmal auricular tachycardia may often be helped
considerably by the judicious use of the drug The rapid ventricular rate
of auricular fibnllation or flutter may be slowed even when there 1s no
heart fature and especially 1o the latter condition 2 normal rhythm 1s
often resumed When attacks of paroxysmal auricular tachycardia recur
frequently, constant admmstranon of digitalls may prevent attacks
entirely

It 1s mmportant to emphasize that digitals not only 1s not indicated
but may be harmful 1n cases of peripheral airculatory falure In acute
mfections, surgical shock, heart tamponade from pericardial effusions or
constrictive pericardites, further dimunution of cardiac output may result
from the drug There are occasional instances 1n which the foregoing con-
ditions are associated with true congesuive falure and then digitalis may
favorably affect the latter to a suffictent degree to be beneficial

THE TREATMENT OF CONGESTIVE HEART FAILURL

Unlike acute mfectious diseases or many surgical condtions mn which
2 complete cure 15 to be expected, the treatment of congestive heart
fature 15 concerned wath the ameloration of symptoms Its purpose 1s
to dimunish suffering, to prolong hfe and to increase the usefulness of
the patient for as long as possible Although cures are not to be hoped
£or, except 1n 2 sinall nuvaler of cases, because 1he wmderlymg srocraral
changes mn the heart are for the most part rrremediable, proper treatment
may render mdividuals more comfortable, may restore some to usefil
occupaton and occasionally may secure even complete symptomatic re~
covery For the most part the best that 15 accomplished by intelligent
care of a patient with chronuc cardiac disease 15 a prolongation of life that

very fz bly with the advantages that are derived from the

carly diagnosts and treatment of cancer It1s, therefore, with such restricted
hopes that we must view this problem

At the outset, the physictan must bear 1n mund that socal and economuc
factors often enter into consideration 1n outlinng 2 course of treatment
This 15 as true of chromc heart disease as 1t 15 of many other chromc
diseases A day laborer who suffers from recurrent asthma and hay f
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cannot be sent on a sea voyage or to the mountamns every 5o often to nd
himself of the offending agents and to avord exposure to them On the
other hand, patients in more fortunate economic posions often derve
considerable benefit from such expensne nps Similarly those patients
with angna pectors, who are in a posiuion to afford 1t, can go south 1n
the winter and avord the burden of cold winters and inclement weather
Likewise, the decision whether four or six weeks wall be spent m the
medical care of an ndividual case of cardiac failure may depend upon
whether the man's job 15 jeopardized or whether he has sickness msur-
ance, and other purely nonmedical considerations

Let us start with an average male of moderate means, 40 years of age,
whose occupation s that of bank teller He has had mitral stenosis for
many years and now presents himself 1n moderate congestive heart fail-
ure Therce has been increasing dyspnea, some cough and, finally, per-
ipheral edema Physical examinanon shows moderate prtung of the ankles,
a shghtly engorged and tender Iner, rales at the bases of the lungs and
evidence of a shght night hydrothorax The heart 1s dilated, the acton 15
absolutely irregular, typical of auncular fibnilation, with a rate of 130
and the murmurs indicate the presence of mutral stenosis The blood
pressure 15 150 mm systolic and 90 mm diastohic The Wassermann 1s
negative and the other findings are not sigmficant We may also assume
that thys patient previously had been recening inadequate treatment 2nd,
n fact, had taken no digutalis whatever

Rest 1n Bed

The first principle 1n the treatment of such a patient 1s rest Some
patients, especially men, will tebel at what appears to them as such an
extreme measure They will plead to be pernutted to cut down their work,
to go into town for only one half a day or to reman at home restng or

taking 1t easy > It 1s best at the outset to explamn that more wiil be ac
complished 1n a shorter ume 1f a strict regimen 15 carmed out An effective
argument 1s to emphasize that they will start feelng better more quickly
and will lose less ime from work 1f they give themselues every advantage
for recovery than f they go at st half heartedly I have found 1t heipful
to explam that with complete rest, as compared with being merely am-
bulatory, the average heart saves about 25,000 beats each day and 1t 1s
this enforced rest to the heart which 1s so beneficral The advice ‘to g0
to bed ’ often carries with 1t & grave outlook 1n the mund of the pauent
However, the patient wall have 2 better understanding of sts significance
and fear 1t less after a few days when he becomes aware of a distnct
mprovement It 15 desirable to obtain as much mental and physical rest
as posstble and for this at times 1t 15 wise to delay starung the enure
course of treatment for a day or two so that the patent may take care
of certain matters that would otherwise prey on hus mund

When he takes to bed, smple devices should be used to make hus
bodily position comfortable The proper number of pilows or a back
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rest, supports under the forearms and beneath the knees will a:d consid
erably and often determmine whether a patient will feel relaxed or rest-
less It may often be advisable to have him it 1 a chair most of the day
with the feet hanging down to prevent the shift of flud from the per
1phery to the lungs The use of a commode 15 often less of 2 burden than
using a bed pan Duxning the early days visitors should be restricted,
though diverstons such as reading the newspapers and hstemng to the
radio may be permutted

1 have become so convinced of the importance of the change n the
dynamucs of the circulanon on assumung the recumbent position, which
results 1n an mcrease m blood volume and an aggravauon of the pul
monary congeston, that I now advise many pateents to place wooden
blocks under the head posts of their beds These should be about 8 to 9
nches high and can be used indefinitely This procedure 15 not partic-
ularly mdicated when the mam difficulty 1s hepatic congestion and edema
of the legs or when the element of breathl 15 1 In
some cases, MOTeover, 1t 1s better to have the patient stay 1 a charr all
day In fact, 1n recent years I have treated panents with congestive fanl-
ure more and more by having them stay out of bed, m a chair, most of
the day The bed they use to sleep or rest in has the 9 inch blocks under
the head posts so that at no time 1s the body really flat They then do
not need to use the bed pan at all and many are allowed to take some
steps around their room Patients are happier under this regimen than
under the former method of stnct bed rest, have fewer complications
and I believe, establish compensation more quickly

Diet

There are some ddferences of opimon concertung the proper dietary
management of patients with congestive heart falure I have found bene
fictal the simple Karell diet consisting of 200 cc of mulk four times a
day with no other food but allowing additional water up to 2 to 3 lters
daily Thus 1s particularly worthwhile 1f the patient 1s overwerght and has
hypertension Thus diet 15 easily taken and 1s low 1 calories, salt and pro-
temn It often produces a feeling of restfulness and relaxation which mm-
proves the general condition even without any other medication An
mamiton diet like this may have beneficial effects because of the same
factors that are at work 1n normal people living on a low calonic ntake
It has been found thar semustarvaton produces a fall m blood pressure
m pulse rate and in the basal metabolic rate "This no doubt may dimmish
the work of the heart and may thereby improve the circulation when faxl
ure 15 present Proger has even suggested keepmng patients with severe
congestwve farlure on diets of 500 to 800 calories for many months, allow
1ng adequate protemn and vitamms The milk diet should be continued for
two or three days or even longer After this brief penod a more general
diet contamung the proper amount of vitapuns 1s gradually allowed,
restricting the salt intake and imiting the fluids to about 2000 to 3000 cc
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effects It certamly ss sndicated s pauents with dyspnea and with per-
pheral pitting edema of cardiac ongan no matter what the circumstances
may be There sull 1s some dispute whether st acts bencfically m the
presence of a regular heart beat Many of the English clmicians were of
the opinon, and some sull are, that 1ts use s hrmuted to auncular fibnlla-
non In Amenca it s generally accepted that, althouph the most dramauc
responses are seen when suncular fibnilation 1s present, 1t has a decidedly
benchasal effect even shen the shythm of the heart 5 regular A more
detaled discussion of the action of digstalis was taken up at the bepinning
of this chapter

In usng digualis at the present time the phy taan 1s confronted with
a preat many different names and types of preparsnons Over thurty
years ago pharmacologic studies showed that many of the preparatons
that were customanly used were below standard potency In fact, some
1 tre found fo be almost mert The present situation 15 quite different
Now they are practscally all satisfactory and carefully standardized by the
manufacturer The physician should choose a preparation that 15 not ex-
penssve for 5t may need to be used for a Jong tme He should not be
musled mnto bebeving a speaial pull or 8 uncture will not produce nauses
They alt can 1f they are actise The matter of preference for pulis or hqud
preparanions depends a good deal on local habits In England the tincture
15 sull used a great deal whereas 1 Amenca a pill or tablet of powdered
digaeadss Jeaves 15 miors popular The Iatter sn generat 15 preferable because
of the difficulty in controlling accurate dosage if the tincrure 1s used It
doe« not matter if the evact amount of sadium bicarbonate or many
other medicnes that are guen 1s not known accurately, but it > mmpera~
tve to know qust how much digitalis 1s admmnistered to our patents
There sull presails a misconcepuion that 1 drop of tncture of digitalis ts
equiralent fo 1 mimm 1 had the opportunity of looking into this mater
during the Tiest World War when s¢ was my duty to standardize the dig:
wahis preparations that were used 1 the Amencan Expeditionary Force in
Trance I found that the number of drops necessary to make 1 cc of
uncture of digitabs vaned from 30 1o 60 These varmtions depended on
the size of the dropper, the speed with which the draps fell and the angle
at which the dropper was held It 1s apparent from thus that when a p2
nem recerves 5 drops three times a day, as 15 still prescribed by some
pracustioners, he may be recenving very mnadequate doses Tor these reasons
and because of the comvemence of ad: aton, 2 pill 01
gm or 1} gramns of digstalis leaves (one cat une) has pro ed to be a most
suitable preparation Okcasonally one may suspect that because the pil
15 very hard 1t mught not be digested 1n the shmentary fract (intact pulls
have been found i the stools) Under such circumstances 2 iincture may
be used At times one wonders whether the condwon of the panent 15
not 50 low but that a pill would farl to be dimntegrated in of absorbed by
the alimentary tract Here also one mat properly try a hguid preparaton
Fanally mdsvidual paveats occasionally find that they have less local srm-
tation of the stomach taking one type than another 1ype of digitalis
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Opimons sull prevail that certam dignalis preparanons will be bene-
ficial when others are not Careful studtes, however, have shown that the
margun of safety, 1 €, the difference between the therapeutic and towc or
lethal dose, 1s essentially the same for preparanons hike digitalis, digttoxn,
lanatoside C, strophanthuin or ouabamn when given mntravenously Con-
fuston has resulted because absorption of these preparations varies con
sideratly when gren orally Ouabam, a pure crystalline glucoside ob-
tamed from Strophanthus gratus 1s absorbed very poorly from the gastro-
intestinal tract but 15 suitable for intravenous use (0 25 mg once or twice
the first day and once daily thereafter) Strophanthin, a punified mixture
of glycosides denved from Strophanthus kombé 1s symlar 1n 1ts action to
ouabain although the dose 1s about twice as great Sumilarly, lanatoside-C
(Digatalis lanata) 1s useful for parenteral use, the full digitalizing dose intra-
senously being 15 to 20 mg The oral dose, however, 1s much greater
Stx to 8 mg gven 1n divided doses during two to three days will be ade-
quate and the daily mamtenance dose 15 about 10 mg (2 tablets of 05
mg ) On the other hand, a preparation hike digrtoxn (a pure active prin
aple of Digitahs purpurea) 1s completely and readily absorbed by the
gastrointestinal tract so that the digitalizing oral and intravenous dose ts
practically the same, 1e, 125 mg It 1s of some nterest that this dose
1s only 3 cat units and 15 equal 1 potency to 15 cat umts of the tincture or
the whole leaf when given orally The reason for thus discrepancy s that
1t 15 all absorbed whereas about four fifths of the ordinary digitalis given
by mouth 15 nonabsorbable When digttown 1s used the full therapeutic
dose of 1 25 mg may be given orally 1n one dose and then continued with
a daily mamtenance dose of 01 to 02 mg

Durning the past five years or so digitoxun has become increasmngly
popular in thus country It has been used extenstvely in France for many
years It has the advantage that 1t 15 completely and readily absorbed
when given orally and that beng a pure chemucal 1t does not need to be
standardized biologically Its potency 1s therefore constant It also pro-
duces much less nausez when therapeutic doses are ad d, for the
dosage by weight 15 about one thousandth of that required when digitahs
leaves are employed There 15 one disadsantage, however Because early
nausea 1s less likely to occur one may more readily exceed the therapeutic
dose and inadvertently produce towuc results Another preparanon that
1s beng used 15 digovin _a pure crystalline substance derrved from Digitahs
lanata The methods of admumstration and the mode of action are some-
what like those of digitown The dose, however, 15 shghtly greater, 1e
1 t0 2 mg for a smgle rapid oral effect and 025 10 05 mg as the
daily maintenance dose It 1s rapidly absorbed and rapdly elmnated
This drug can also be used intravenously 1n the above doses

Let us now return to the treatment of the patient mentioned above
and let us assume that he had not recetved any digitalis before The aver-
age adult will require about 2 gm or 30 grams of digitalis or 20 cc of
uncture of digitalis given over several days (The dose required 1n infants
and chuldren 15 apt to be one and one half to twice as great 1n Pproportion
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to weight as mn an adult) The exact amount will vary, some patients
requiring less and some more This dose can be given quite rapidly, even
within twenty four hours, but 1t 1s very rarely advisable to do so for 1t
may turn out that only 15 gm or less were necessary and the remamder
of the dose would have proved escessive and would produce towce mani-
festations When the situation 1s very urgent and an effect 1s to be pro
duced 1n hours rather than i days the intramuscular or intravenous route
should be used instead of the oral There 15 no smgle method of dosage
that needs to be folloned Much will depend on the condition of the
patent and the frequency with which he will be observed by the physician
Generally 1t 15 satisfactory to give one fourth of the total dose or 05 gm
the first day and a stmlar amount the second day One pill (01 gm each)
five imes a day will accomplish this On the third day the dose may need
to be diminished If the apex rate, which was 130, has fallen to 100 1t
may be planned to give 01 gm three tmes on thus day and after two or
three days this may be cut down to one pill a day The hope 15 to lower
the apex rate to 60 or 70 1f posstble, without producing any 1l effects
If thus patient 1s to be secn only once a day thus 1s best done n the morming,
for then one can witness all the good or harm that the previous dosage
has produced and one can outline the amount to be taken dunng the
following twelve hours Frnally the so-called “mamtenance dose of 01
gm daily 1s kept up This 15 approxumately the amount that 1s utilized or
elminated daily

The course outlmed 1n the preceding paragraph needs to be modified
under certain circumstances If the patient had recenved digitalis before
1t 1s better to start with smaller amounts One pill three times a day may
then be sufficient On the other hand, he may be complanng of nausea
and vomiting and doubt anses whether he has already recerved too much
digitalis More often than not these symptoms are due to crculatory
farlure, generally accompamed by hepatic engorgement, and demand more
rather than less digitalis If aurscular fibriliation 1s present and the heart
rate 1s sl rapid one can feel quite certam that more digiralis 15 needed
This same concluston cannot be drawn if the rhythm 1s regular, for the
rate then may remam rapid even after full doses of digitalis are admn-
stered O« ily the electrocard: may be helpful 1 deciding
the question although they are rarely necessary When nausea and vomit-
1ng are present and further digitalis 1s to be given the tincture can be used
rectally Three or 4 cc (diluted m 50 to 100 cc of water) may then be
gven datly T have used this method with success and the vomrting has
ceased even m patents who were convinced that 1t was produced by the
previous digitalis that had been taken The dosage for rectal admmstratton
15 the same as that for oral

When great speed of action 15 required some form of digitalis should
be used 1t larly or mtr ly Such preparations are put up
1 ampules and generally contan 01 gm for each 1 or 2 cc Whereas
most physicians are famultar with the proper oral dosage, the situaton 18
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quite dufferent wath regard to the hypodermuc use of the drug In fact
the exact dose with the latter method 15 not so well known If2gm given
orally 1s a proper digitalizmg dose for a patent 1t certamnly would be
excesstve 1if 1t were all gren larly or intr: sly i one
mjection On the other hand, 1 ampule contaming 0 I gm 15 often gven
hypodermucally, especially by surgeons, hoping to gne the pauent the
benefit of digitalis It 1s obvious that this dose 15 practically valueless
The proper amount to obtam an appreciable therapeutic effect 15 between
05 and 1 gm gnen enther mtramuscularly or mtravenously An effect
may be expected with the former route 1t one to two hours and with the
fatter 1n fifteen to thirty munutes The same dangers exust, however, when
digitalis 1s given intravenously as when strophanthin or ouabawn 15 used,
for the marg of safety between the mummal toxic and mimmal lethal
dase 15 the same for all these preparations The mamn danger 1s that if the
patient has recently been raking any appreciable amounts of digiahs
intravenous preparations should be given with great cautton and m
smaller doses

The following expertence tllustrates the occasional mstance when rapid
digitalization 1s umperanve Some years ago I was called to see 2 woman
about 40 years of age who was 1 a moribund state She had mutral stenosis
with a regular thythm and had been ambulatory and gettung along very
well She had not been taking digitalss That day at 9 pm she was sud-
denly stricken wath palpitation and dyspnea and 1n a short ume developed
acute pulmonary edema When I saw her at 11 pm she was unconscious
There was marked cyanosts, stertorous breathing and the lungs were full
of mosst rales The pulse was imperceptible but the heart rate as counted
at the apex was about 190 and the rhythm was absolutely irregular She
had already received strychnine camphor and caffeine hypodermrcally
This was exactly the condition 1n which digitahs was indicated, but even
minutes were precous I, therefore, gave her 8 cc (08 gm ) of digitalis
ntravenously and m about twenty menutes the heart rate fell to 100
although the rhythm remamed wrregular The effect was most dramanc,
the breathing quieted down and most of the rales disappeared A short
ume later the patient returned to her customary duties and presented the
picture of a pauent with well-compensated rheumatc mutral stenosis and
auncular fibrllation

It 15 always important to watch for the indications to dimuush or to
omut digitahs The first obvious reason for cutting down the dose 1s 1f
the destred therapeutic effect 15 produced In the case of the bank teller
(ated above), 1f the heart rate slowed to 70 the dyspnea and edema
disappeared and the pauent was subjectvely mmproved, the dose should
be reduced to about 01 gm a day One, therefore does not need to push
the dosage to obtam towc effects 1f the therapeunc result 1s satsfactory
The second reason for omitting the drug 1s 1f evidence of intoxication 15
detected This may be esther subjective or objective It 1s cunous how
patients differ in therr reactions to digitalis Some wall quickly develop
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to weight as i an adult) The exact amount will vary, some pauents
requinng less and some more This dose can be given quite rapudly, even
within twenty four hours, but 1t 1s very rarely advisable to do so for it
may turn out that only 15 gm or less were necessary and the remainder
of the dose would have proved excessive and would produce toxic mam-
festatons When the situation 15 very urgent and an effect 15 to be pro-
duced 1n hours rather than in days the mntramuscular or intravenous route
should be used 1nstcad of the oral There 1s no single method of dosage
thar needs to be followed Much will depend on the condition of the
pauent and the frequency with which he will be observed by the physician
Generally 1t ts satisfactory to give onc fourth of the total dose or 05 gm
the first day and a simular amount the second day One pill (01 gm cach)
five umes a day will accomphish this On the third day the dose may need
to be dimmished If the apex rate, which was 130, has fallen to 100 1t
may be planned to give 01 gm three times on this day and after two or
three days this may be cut down to one pill a day The hope 1s to lower
the apex rate to 60 or 70 if possible, without producing any 1l effects
If thus patient 1s to be seen only once a day this 1s best done 1n the morning,
for then one can witness all the good or harm that the previous dosage
has produced and one can outlme the amount to be taken during the
following twelve hours Finally the so-called ¢ mantenance dose of 01
gm daly 1s hept up This 1s approumately the amount that 1s utilized or
chiminared daily

The course outlined 1 the preceding paragraph needs to be modified
under certain circumstances If the patent had recened digualis before
1t 15 better to start with smaller amounts One pill three tiumes 2 day may
then be sufficient On the other hand, he may be complaiing of navsea
and vomuing and doubt anses whether he ha already recerved too much
digitalis More often than not these symptoms are due to circulatory
failure, generally accompanued by hepatic engorgement, and demand more
rather than less digialis If auricular fibnillation 15 present and the heart
rate 1s still rapid one can feel quite certam that more digttalis 15 needed
This same conclusion cannot be drawn 1f the rhythm 1s regular, for the
rate then mav remain rapid even after full doses of digitalis are admn-
wtered Occastonally the electrocardiograms may be helpful in deciding
the question although they are rarely necessary When nausea and vomt
1ng are present and further digitalis 15 1o be giyen the tincture can be used
rectally ‘Three or 4 cc {diluted 1n 50 to 100 cc of water) may then be
given daly 1 have used this method with suceess and the vomiting has
ceased even 1n patients who were convinced that 1t was produced by the
previous digitalis that had been taken The dosage for rectal admmstration
1s the same as that for oral

When great speed of action 1s required some form of digitabis shoutd
be used intramuscularly or intravenously Such preparations are put up
1n ampules and generally contain 01 gm for cach 1 or 2 cc Whereas
most physicians are famihar with the proper oral dosage, the siruation 13
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quite different with regard 1o the hypodermc use of the drug In fact
the exact dose With the latter method 1s not so well known If 2 gm given
otally 1s a proper digitalizing dose for a pattent 1t certamnly would be
excessive if 1t were all given mntr larly or ntr ly 1n one
mjecton On the other hand, 1 ampule contamung 0 1 gm 15 often gnen
hypodermucally, especially by surgeons, hoping to give the patent the
benefit of digitalis It 15 obvious that this dose 15 practically valueless
The proper amount to obtan an appreciable therapeutic effect 15 between
05and 1 gm guen etther mnt larly or it Iy An effect
may be expected with the former route 1n one to two hours and with the
Jatter 1n fifteen to thirty mmunutes The same dangers exust, however, when
digitalss 15 given ntravenously as when strophantlun or ouabamn s used,
for the margin of safety between the mummal toxuc and mummal lethal
dose 15 the same for all these preparations The main danger 15 that if the
panent has recently been taking any appreciable amounts of digitalis,
intravenous preparations should be gwven with great caution and
smaller doses

The following experience illustrates the occasional mstance when rapid
digitalizatron 15 1mperative Some years ago I was called to see 2 woman
about 40 years of age who was 1 a monbund state She had mitral stenosts
with a regular thythm and had been ambulatory and getnng along very
well She had not been taking digitalis That day at 9 pm she was sud
denly stchen with palpitation and dyspnea and in a short tume developed
acute pulmonary edema When I saw her at 11 pm she was unconscious
There was marked cyanosss, stertorous breathing and the lungs were full
of morst rales The pulse was imperceptible but the heart rate as counted
at the apex was about 190 and the rhythm was absolutely wregulac She
had already recewved strychmine, camphor and caffeme hypodermucally
This was exactly the condition 1 which digitalis was indicated, but even
munutes were precious I, therefore, gave her 8 cc (08 gm ) of digitalis
travenously and in about twenty munutes the heart rate fell to 100
although the rhythm remained rrregular The effect was most dramate,
the breathing quieted down and most of the rales disappeared A short
nime later the pauent returned to her customary dutes and presented the
picture of a patient with well compensated rheumatic mutral stenosss and
auncufar fibrillation

It 35 always important to watch for the indications to dumumsh or to
omut digitahs The first obvious reason for cutting down the dose 15 if
the desired therapeunc effect 1s produced In the case of the bank teller
(cited above), 1f the heart rate slowed to 70, the dyspnea and edemsa
disappeared and the patient was subjectively improved, the dose should
be reduced to about 0 1 gm a day One, therefore, does not need to push
the dosage to obtain toxic effects 1f the therapeutic result 15 sausfactory
"The second reason for omutung the drug 1s if evidence of mtoxication 1s
detected This may be either subjective or objective It 15 curious how
patients differ mn their reactions to digitabs Some will quickly develop
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the subjective symptoms without the customary objective signs of mntotu~
cation and others do just the reverse There are sull others who on very
large doses develop neither

The most common early evidence of digitalis mtoxication 1s loss of
appenitc, nausea and vomiting There 15 often a general mean and sickly
feeling, accompanying the desire to vomt When tlus oceurs there 1s no
treatment except onussion of the drug Other symptoms that are less
common are drarrhea or yellow vision The objective evidence of intoxica-
ton concerns the findings 1n the heart Among these are undue slowing
of the rate of the heart, 1¢, under 50, the development of cxtrasystoles,
previously not present, especially 1n the form of coupled beats, and heart
bloch The most common finding ts digitahis couphing Here every second
beat 15 a ventncular extrasystole This can easily be recogmzed 1of the
thythm of the heart was regular at the start but can also be detected at
the bedside 1f aunicular fibrillaton 1s present Any of three forms of heart
bloch may result, first degree (delayed conduction time), second degree
(paruial block) or complete block The first cannot readily be detected
without an electrocardiogram, the second 1s easily recogmized by noting
an occastonal dropped beat on auscultation, and complete heart block
brought on by digitalis offers real diagnosuc difficulies The ventricular
rate of complete heart bloch produced by digtals 15 not around 30, as 1t
1s 1 Adams-Stohes disease It 1s generally 60 or more and may be over
80 and 100 This mechanism 1s really an 1dioventricular thythm mn which
the pacemaler for the ventnicles 15 1n the upper part of the auriculoven-
tricular junctional tissue This regular rate will also continue to accelerate
on increasing doses of digiabis In animal expeniments this 1s one of the
mechanisms by which death from digtalis intovcation occurs, although
the more common mechanism 1s ventricular fibnllanon As a practical
matter, the first two types of heart block from digitalis do no harm and,
1 so far as slowing of the ventricle results, may be benefictal They serve
merely as a signal that further dosage must be given cautiously Com
plete bloch, although rare, 1s an :ndicatron that the drug should be omitted
or the dose should be diminsshed considerably Inasmuch as 1t may be
difficult to detect this chncally 1t 1s well to omut digitalis if the heart,
which was previously grossly irregular, becomes regular on digitalis, until
the exact mechamsm of the heart beat 1s known In such a case, regulanza-
non may be either due to a resumption of the normal rhythm of the
heart, or the ventricles may be beatng regularly while the aurcles are
still fibrillaung In the first nstance nothmg would be lost by omitting
digitalis for a few days and 1n the latter harm mught result by contnumg
its use Electrocardiograms mught be necessary mn order that some of these
unusual decistons may be made There are also electrocardiographic
changes 1n the T wave of the electrocardiograms as a result of digitalis
(Chap 21, Fig 168) which do not indicate mtovication, that occastonally
may help 1n estimating the amount of the drug that a patient has recerved

Apart from digitalis or 1ts allied drugs, like urginm, there 15 httle else
m the form of medscation that acts durectly on the heart, which one can
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ue m the treatment of congestuve falure Strychnme, camphor and
caffee had a considerable vogue 1n the past but there 1s very Iittle satis-
factory evidence to support therr use except that caffemne may serve at
tumes as a respiratory sumulus Adrenahin and ephedrine are useful m
those cases 1 which the dyspnea or cough 1s 1 part due to an asthmanc

or emphy st P salts (such as potassium phosphate, 2
gm three times a day) have been recommended on the basis that there
15 2 defi of 1n the myocard. 1n cases of heart falure

Much cannot be c;pected from their use Although many other drugs have
supposed beneficial effects they prove to be hardly worth the trial

Duuretics

Next 1 importance to digitalis m the treatment of patients with con-
gestive fatlure 15 the group of drenc drugs Some of these are given
by mouth and others are often admmistered hypedermucally Among
the former are theophylline (theocin) and theobromune sodium sakicylare
(drean) Druretics are best given after complete digntalization has been
accomplished, 1f there still remains evidence of peripheral edema It must
be remembered that patients may have considerable latent edema 1n the
body after all obvious pitung has disappeared Furthermore, when the
subject has been tn bed for some time, 1t 15 well to Jook for subcutaneous
edema 1n the sacral region for flud may accumulate there when the
ankles are entirely free of edema Theophylline may be given 1 doses of
02to 03 gm three umes a day for one day and repeated every five to
seven days if desirable effects result This may produce nausea and vom-
1ting and when they are marked the drug should not be continued If an
effect 1s produced with these doses 1t occurs within the first twenty four
hours Someumes several hiters of urine will be voided n one day Fol-
lowing ths there may be fatigue of the kidneys so that these large doses
should not be repeated for about one week In ambulatory patients with
a tendency to recurrent edema a single daily dose of 0 3 gm of theophyl-
line 15 often well tolerated, together with the maintenance dose of digitalis,
and produces just enough dmwretic effect to prevent or postpone the
necessity of abd ] par: or It lar diretics Theo-
bromme sodium salhicylate (dwiretin) acts like theoctn and also may pro-
duce distressing nausea The dose of thus 1s 1 to 2 gm  three times a day,
once a2 week or 05 gm twice a day for a more moderate but continuous
effect On rare occastons I have obtamed a most satisfactory duresis by
gving 03 gm of theophyllme intravenously well diluted 1 10 to 20
cc of water This can produce nausea just as the drug does when given
by mouth Similarly, aminophylhine, either orally or hypodermucally, has
been used for diureuc purposes The oral dose 1s 01 t0 02 gm three
umes a day, and the mntramuscular or mntravenous dose 1s 024 to 0 48

gm The difficulty 15 that i rare of coronary thrombosts fatal-
1ties app ly have been d several minutes after mtravenous

of hyll However, ), given 1n the form of
rectal supp 1es has d value, especially when p 1
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dyspnea 1s troublesome It then can be guen each mght or even twice
daily When gnen intravenously 1ts effect 1s quite prompt and teneficial
m the acute stage of respiratory distress

During the past two decades mercunal diuretics have come mto use
and to a large extent are superseding those just menuoned Of these
salyrgan, mercupunin, mercuxanthin and mercuhydnn are the most com
monly employed They are given in doses of 05 t0 20 ec ntramuscularly,
ntravenously or by rectum in the form of suppositories If even a small
amount of the drug leaks out of the vein or 1s gnen subcutaneously there
1s considerable pain and an ugly and stubborn ulcer may develop and
last for many weehs Great care, therefore, must be exercised 1n admms-
rration There 1s less nsk of any harmful effects if the drenc 15 diluted
with 10 cc of sterile salt soluuon when the intravenous route 15 used
If the pauent has veins that are dafficult to find or if there 15 anv doubt
whether the needle 1s actually in the vein, 1t 1s better to withdraw the
needle and give the solution intramuscularly I have had occasional ex-
periences, however, 1n which 1t seemed that no diress resulted from
ntramuscular injections, possibly because the tissues were so edematous,
when intravenous njections were very effective For the general prac-
utioner the preferable method 1s to inject the drug deep into the glutea
region It should not be iyected nto the muscles of the arm  Thus also
15 true for other intramuscular preparations, such as caffemne and digitalss,
for soreness may develop 1n the arm and not 1 the buttocks The dose
will vary and as often happens it may need to be repeated every few days
to every few weeks for a long tme Under these arcurstances 1t may be
necessary gradually to merease the amount I have seen a patent who had
about 250 weekly mnjections over a course of five years always obtaimng a
most satisfactory dhuress of 5000 to 8000 c¢ 1n twenty four hours and
durting thus nme the mdividual dose was gradually mcreased from 1 cc
t0 4 c¢ At no time m this case was there any evidence of renal damage
despite the enormous amounts of mercury that were used Very recently
mercunal diuretcs (thiomenn) have come mto use that are safe and
effectrve when given subcutaneously These may have the adsantage that
the patient or a member of the farmly may be taught to gnve the mjection
and thereby obwiate the need of so many calls on the part of the physician
The mercury supg 1es that are avaiable have been effective 1n some
patients but 1n others they have caused distressing itritation of the recrum
and had to be discontinued Withm a few mnutes after the ntravenous
jection of mercural diuretics varous types of cardiac arrhythmmas may
develop, particularly extrasystoles These are transient and harmless On
very rare occasions sudden fatahties have occurred, mamly n cases of
coronary artery disease

One would very much welcome 2 mercury preparation that would
serve as an effective diretic when given orally There are some available
that are effective 1n occasional cases Such tablets centam 10 and 20 mg
of mercury and about 40 mg of theophyline The dose 15 one to three
tablets daily When three tablets daily are given for many days or weeks
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renal impawrment or other untoward effects may at uumes result It 15
safer to advise one or two tablets a day for a long period of time

In some cases the diurenc effect of salyrgan and mercupunn may be

Y d by the prel y ad of salts Ammo
nium chlonde 1n doses of 1 to 2 gm (15 to 30 grains) four times a day
for about four days followed by the mectuon of 1 cc of the mercurial
diretic may be more effective than the mercurtal duuretic without the
prel y salts In fact, occ 1ly a dwrests may be pro
duced as a result of the ammonium salts alone The action 1s thought to
result from the acidifying effect on the body These large doses of ammo-
nmum preparation are rather disagreeable but the annoymg taste may be
avoided 1f enteric coated tablets are given Another procedure 1s to give
20 gm of ammomum chlonde two hours before each mercury injection
and agam two and four hours after the mjection Ammomum chlonide
may be ad d more or less mnd 1y with the dose
of digitalts 1n order to retard the tendency o recurrent edema

There are 1nstances 1n which repeated doses of mercury have depleted
the body of chlonides The chloride level of the blood will fall, the blood
CO mnse, and the urea mitrogen may mcrease At this pomt mercury
jections may be meffective and make the conditon worse Mercury
should then be discontinued and large doses of ammomum chlonde
orally, or even 10 gm 1 500 ¢c of 5 percent glucose mntravenously may
agan restore @ more normal electrolyte balance and render the patient
responstve to further mercury therapy

Two other methods of preducing duresis may be employed Two to
3 ounces (60 to 90 gm ) of urea i a single daily dose over long periods
of ime can be used with beneficial effects Because of the nauseatng effect
of urea this will not te tolerated by most patents but for those who are
not upset, 1t has proved of some value The disagreeable taste of urea
may be hat d. d 1f 1t 1s dissolved 1n orange or grapefruit juice
or i gmger ale It has also been recommended that all the sodium chlonde
be omutted from the diet and be replaced by 5 gm (75 grams) of potassium
chloride daily I have occasionally found this to be quite useful though 1t
may produce uncomfortable abdormnal cramps

In general the vanious diuretics hate added considerably to the treat-
ment of patents with congestive heart falure When properly admun
1stered 1t may be expected that beneficial effects will result if the function
of the kidneys 15 good At times 1t 15 no simple matter to anticipate with-
out elaborate functional tests whether the kidney function 1s adequate or
not Albumun and casts 1n the urne may result from passive congestion
of otherwise fairly healthy kidneys as well as from true nephrus In
general practice when it 15 not easy to perform chemucal analysis of the
blood the absence of any anermia and the presence of a high speafic
gravity of the urme pounts to a satsfactory functional state of the kidneys
even when albumin and casts are present Only occastonally will 1t be
necessary to determne the blood urea mitrogen or nonprotein mtrogen
or to perform the phthalein test or a concentranon test to ascertain more
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accurately the state of the kidneys Even when 1t 15 found that the kidneys
are shghtly or moderately impared, 1f there 15 congestive heart falure
and edema persists despie digitals and test, diuretics may be used
Although the results will not be so beneficial as when the hidneys are
normal, such pauents may vet do better followng she use of mercunal
dretics than without their use

In the control of edema one of the most important factors 15 the reten
ton or ehrunation of sodium Tor this reason a very low sodium intake
1s desirable, even as low as 200 to 500 mg dady It 1s doubtful whether
1t matters 1f this 15 obtamed by an ordinary salt free diet or by the use of
hempner s rice diet Attempts are being made to ¢limmnate sodium from
the body, thercby obviaung the need to institute such stner dietary
regumens I'or this purpose catiomic exchange resins, 100 gm daly by
mouth, have been advised by Dock This abstracts sodrum from the intes-
tines but the medication 15 bulky and not yery practucal Another approach
suggested by Schwartz s the use of sulfamlamide preparations which are
carbonic anhydrase inhibitors These can produce an increase 1o the
sodium output i the unne Unfortunately there are toue side effects to
this drug and therefore other nontowic but simlar preparanons are
needed

Cardiac cachexia and mamition are not mfrequent results of Jong stand-
ng chronic heart failure and with this there may be an element of edema,
purely as a result of the low pratem content of the blood, just as occurs
n nephrosis In fact, on occasions, because of the presence of consider
able edema and certain other findings, a panent may be regarded s
having heart failure when the edema 1s enurely due to nephrosis, neph
ritts, hypoprotememn or some deficiency disease It 1s now well known
that a fall in the total protemn content of the blood serum may preduce
edema This 1s particularly true 1f the albumun content 1s markedly
dimimshed, resulng 1n a reversal 1n the albumin-globubin ratw Such
changes diminish the osmouc pressure in the blood and permit flud to
motve from the blood into the tssue spaces Such hypoprotememia mav
result from prol d dietary defi , especially when the protein
mtake 15 restricted, from loss of albumm m urme and also from Iiver
disease These factors not mfrequently are involved m chrome cardiac
patients The diets of these pahents are often unwisely restricted by
physicians or the patients do not eat because of persistent anorexia, and
the itver 1s frequently m an unhealthy state from passive congestion The
resuit 15 that some cardiac patients have edema ot only because of de-
compensaton but because of hypoprotememia Examnation of the blood
must be made m all cases of stubborn edema to establish the correct diag
nosts In some cases the edema will not be controlled unul speciat efforts,
such as the mstitution of a high protemn diet or mfustons of blood or,
preferably, plasma, are made When intravenous myections are dufficult or
impossible, mfusions of blood or alburmin may be given mtrasternally, an
18-gauge needie bemng used and the injection being given 1n the mudline

Occasionally one observes patents 1 whom adequate response 13 ob
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tammed from the use of mercurial diuretics but who steachly lose ground
As they become edema free their general condiuon grows worse Some
secm to grow apathetic, drowsy and weak Although this complication has
not been thoroughly studied 1t may be that when 1t occurs there 1s an
1ncrease 1 the renal insufficiency and dehydration of the tssues If this
15 so, some of the harmful effects might be obwiated by mcreasing the
amount of flud m the diet When the ladneys are unparred in function
and unable to concentrate well 1t requires a larger volume of fluud intake
and of unne 1n order that the necessary waste products be excreted In
fact, the prevailing custom of marked restriction 1 the mtake of fluds
for pauents with congestive heart failure needs some revision because of
this One other possible explanation of the 1ll effects that are occasionally
seen following a brsk diurests 15 that the fluds stored 1n the body may
contam considerable amounts of digitahs and when this 15 absorbed into
the blood stream for excretion through the kidneys the patient 1s really
getting a new large dose of digttalis from within 1¢, he 15 being redig
tahized Tmally, disturbances in the sodsum and potassum metabolism
may prove to account partly for some of the il effects following diuresis
The admemustration of a pint of orange juice duning the day the mercunal
dwrenc 1s given and agan the following day has helped to decrease the
1ll feeling that some of these pattents suffer Thrs beneficial effect may be
the result of the potassrum contained 1n the orange juice, thereby making
up for the loss of potassium during the druresis

Fever 1s common with congestive failure and 1s an added burden on
the heart Whenever this might be due to an mfection responsive to
speafic therapy, such as p Al or des, approprrate
must be carried our O« lly 1t will be advisable to use a p
antipyretic, such as amrdopyrne (02 to 03 gm ), for short periods of
time to dimumsh the work of the heart

Since Dicumarol has come to be used so generally in thrombophlebitis
and acute coronary thrombosis 1t also has been given to groups of cases
of congestive heart falure Studies recently made, using the alternate case
method as a control, have shown that those recerving Dicumarol during
therr hospital stay had a much lower mortality This was due to a marked
decrease 1n thrombo embolic ph 1n those 1

therapy Therefore whenever feasible 1t would be advisable to give Di-
cumarol whule treating patients for congestive heart failure

Mechanscal Methods of Treatment

There are occasional mstances of congestive heart falure 1n which 1t 1s
observed that a patient, previously ambulatory and showmng considerable
edema of the legs but only shght breathlessness loses the peripheral
edema after beng put to bed but develops marked dyspnea As the nght
sided farlure improves the left sided failure grows worse The recumbent
position favors the retumn flow from the peniphery, but improvement
the left ventricle 1s not sufficient to rake ca

re of the greater venous return
from the nght ventncle and so d pul y 2 takes
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place The fluid leaves the legs but appears 1 the plewral caviues and
Iangs The reason this does not happen more often as patients are put to
bed 15 that the increased efficiency of the left ventricle keeps pace with the
ncreased burden and a diuresss occurs ‘The practical infesence from these
obscrvations 1s that 1 many instances 3t 15 advisable not to keep the
patient 1n bed but 1o allow hum to sit mn a chair with the legs hanging
down It 1s much better to have flnd 1n the limbs than 1n the chest 1
have seen panents suffering from extreme breathlessness, despite oxygen
therapy and all other customary methods of treatment, promptly improve
and recover on getung out of bed 1nto a chair In such a case one will
observe dyspnea disappear while peripheral edema reappears The fatter
can be effectively treated later

In cases of acute pul Y 1m which ¢ es might
indicate the need of phlebotomsy, tourmquets may be applied 1o the four
extremuties Pressure should be about 40 to 50 mm of mercury, or enough
to prevent return flow of venous blood and yet to pernut free forward
artenial flon This traps the blood in the periphery and pressure may be
mamntained for a half hour to several hours using the foflowing method
Tournmguets are apphed on three of the four extremines and every fifteen
nunutes one 15 released and apphed on the limb that had been free In
this way each extremuty has a rest penod every forty five munutes

Edematous fluid i the lunbs can at umes be removed by mechamcal
means Southey tubes may be inserted subcutancously under asepuc pre-
cautions nto the swollen feet or hands In this way several hundred cc
of fluid or more may be lost daily and the edema thereby dimimshed I
once saw a patient who lost over 15 iters of flud 1 three days by ths
method

There remamn several other procedures that are helpful i the treatment
of patients with congestve heart falure It 1s not uncormon to forget
that a dwresis may occur and the unne remam in the bladder Ths 15
particularly to be watched for n elderly males T recall the humiliaton 1
expenienced n finding 1500 cc of unine m the bladder when the post-
mortem examnation was performed mn a patient I had treated for heatt
falure The retention of unne 1 the bladder results pnmantly from pro-
static obstruction Although patient and physician may have been aware
of this prostatic difficulty before, at imes the first sigmficant evidence of
1t may occur during the bed treatment for cardrac fallure It 15 obvious
that the temporary remedy for this 1s catheterization

A more complication 1s hydrott Most patients with ad
vanced heart failure have some free flnd m the pleural cavies When
the amount 1s small, 1¢, 100 fo 200 cc, 1t 1s not detectable nor 1s 1t of
any advantage to remove 1t mechamcally However, when there 1s over 50?
cc, or especially 1000 cc or more, considerable respiratory and genera
relief can be obtamed by a thoracentesis The bases of the lungs, espe-
cially the right, should always be carefully exarned i all cases Dullness
or flatness on percussion, dimimshed breath sounds and decreased tacule
fremtus with or without rales are the findings that belp 1 detectag free
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flud at the bases of the lungs Tappmng should be performed if st 15
expected to obtam more than 500 cc of flud There ss no advantage
m withdrawing the very last amounts, and the needle should be removed
when the flutd begins to come with difficulty or when an uncomfortable
cough 1s produced It 1s always best to use 2 dull needle so that unnecessary
scratching or bleeding of the pleurae will not take place

Abdominal paracentesss should also be employed when there 1s sig-
nificant ascites Here also small amounts of flud are better left undis-
turbed Tapping 1s indicated 1if the amount that might be obtamed 15
more than 2000 cc The removal of smaller amounts does not seem to
mmprove the condition sufficiently to make the procedure worthwhile
Furthermore small amounts either 1 the abdomunal or pleural caviues
can readily disappear 1n the course of the routme treatment for heart
failure, whereas the mechamcal removal of larger quantities may expedite
recovery When there 1s marked ascites, mercunal dwretcs may be
meffectrve untl the abdomtnal flud 1s removed by tappmg It would
appear that the pressure of the flnd on the renal vessels prevented the
mercury from producing 1ts customary effect

Oxygen therapy may help patients with congestive fallure Thus 1s of
particular value for brief periods of tme during cardiac emergencies
when there 15 severe breathl and p y Positive
pressure oxygen mask may be very benefictal in some cases of acute pul
monary edema Oxygen therapy 1s obviously not a procedure that s
applicable 1n most cases of chronic fatlure which continues for months
However, I observed 2 muddle aged woman who had advanced irreversible
congestive failure with striking cyanosis, dyspnea and a very large lver,
carry on her work as a school teacher for a few years Apart from the
customary cardiac medicanon she spent about two hours each day inhaling
oxygen through a mask She was convinced that the ovygen enabled her
to carry on

Finally a word must be said about phlebotomy As we all know, blood
letting 1s an old method of treatment that was 1 vogue for centuries
and used 1 all sorts of diseases Much of ths practice has been discarded
and I am of the opimon that at present its application 1n the treatment of
congestive heart farlure has not been sufficiently unlized In many of
these panents if not 1n all, the total volume of blood 1s increased The
various organs especially the lungs and the hver are marhedly engorged
The pressure 1n the venous side of the circulation 1s mereased as 15 mam
fested by promunent distended veins m the neck and an increase 1n the
venous pressure readings taken directly from peripheral vemns There 1s
both expenmental and chimcal evidence that after a phlebotomy the state
of the circulation can be inproved 1n some cases Venesection 1n severe
hypertensive heart failure has been found to produce a fall 1n venous
pressure and an increase in cardiac output, both favorable effects Some
observations made years ago showed that the remosal of 500%c of blood
from one arm 1mproved the flow of blood 1n the other arm *I have wit
nessed a dectded decrease 1n the size of the Inver and a2 prompt disappear
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ance of pan and tenderness 1 that regron directly after the removal of
700 cc of blood 1n 2 pavent with mtral stenosss and auncular fibrillanen
W hat 1s much more stetbang 1s the effect of phiebotomy 1n some morbund
cases The following expenience sllustrates very geaphically some of the
results that may occastonally be obtamed by this neglected method of
treatment I was once called to see a woman about 73 years of age who
had asthmatic bronchitis, hypertension and myocardial fadure All the
customary treatment had been employed and when I armved the panent
was monbund, unc having gradually developed that day In
fact, the breathing was such as 1s witnessed in patients only a few munutes
before they dic The clua dropped with each breath and there were
tracheal rattles There was marked cyanosss and pulmonary edema The
situation was so desperate that T did not even stenfize the needle tha
was wsed to punctutre the vein About 600 cc of blood were removed
twelse munutes and pust as the procedure was completed the pauent
became consacus In tho weeks she was our of bed and the recovery
enabled her to five an comparative comfort for another eighteen months
In a second nstance of thus sort an elderfy man who had been 1n 3 coma
fately reganed c s after 2 phieb y of 550 cc of

blood Here the children made the simple request that they wished to
speat to their father once more He remamed mentally clear that day,
then relapsed imto a coma and died the following day In these two and
other stmular cases the effect must hm e been a specific result of the bleed
g because all other methods of rreatment had faled and the wmprove
ment occurred hterally munutes after the operation was started The
amount of blood to be removed may be gauged by the level of venous
pressure This should nat be reduced below normal

The exact indications for phlebotomy are not clearly defined Beneficsal
results are not always obtamnable even when the conditons appeat o be
smilar The following conditons seem 10 be those i which bleedmg
may be helpful engorged or tender Iier, distention of the sems of the
neck, cyanosts and pulmonary edema When the blood pressure 1s sull
clevated under the above crrcumstances greater improsement may be ex
pected from bleeding than of the blood pressure 15 Iow In fact, when 2
state of shock 15 present as mn acute corovary thrombosis 1t may even be
harmful If the onset of hepatic engorgement has been recent and acute
as occurs shortly after the development of auricular fibrllation a definte
dmunution 1n the size of the liver may result from bleecing When the
liver has remamed congested and enlarged for months or years the sec-
ondary curhotic changes that take place prevent such a decrease fom
occurring after bleeding

A phiehotomy should be carned out very rapidly As large a needle 2
possible should bu used and the entire amount of blood (400 1o 700 c¢
of blood, depending on the size of the panent) ought to be wathdrasa
in about ter minutes The exact mechamsm of the improvement that
occurs 1s not clear Whether it takes place becau ¢ of 2 dimmution of the
worh of the heart by decreasing the volume of blood or by wereasing the
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‘tonus  of the heart and thereby 1ts contraction are matters that need
not be taken up here In so far as 1t may be due to the latter 1t becomes
destrable for the venous blood to be removed raptdly so that the dilated
right side of the heart may decrease 1nt stze and regamn a better tone before
further blood returns from the periphery to redilate these chambers
That this mechanism cannot be the sole one mvolved 1s illustrated by the
beneficial results that occur from bleeding when acute pulmonary edema
takes vlace m a patient with hypertension and sudden left ventricular
farlure Here there 1s no engorgement of the liver or appreciable venous
engorgement This beneficial effect 15 probably the result of decreasing
the return flow to the rght ventricle and, therefore, the output to the
lungs Ths enables a normal balance between the two ventricles to be
established There obviously remain some important questions concerning
ths matter that need mvestigation 1n order that we may have more accu-
rate ind and dications for the use of this valuable method
of treatment

Recently mstead of blood letung some have pracuced the use of tour-
niquets on the four extremuties These are applied so that the venous
but not the artenal flow 1s impeded By thus means blood 1s pooled tem-
poranly 1 the periphery and prevented from returming to the heart

After several weeks of rest treatment, 2 patent such as we have de
scribed may be permutted to increase hus activities At first he may be
permtted to walk about m s room He then 1s gradually given greater
Iiberuses and finally starts gowng upstars and out of doors When 1t 13
planned for hum 1o return to his dutes, 1t 1s well 1o have um begm by
working only half 2 day Some restrictions 1n lus activities must be en-
forced, as 1t 15 app that his if was not suffi for the
former expendtture of energy A conference between the physictan, the
pauent and his family will help i ascertasming what part of his work
should be curtailed, which entirely given up and which should be re-
tamned It 1s wiser to have hum continue on only one half the previous
amount of work with 1ts decreased 1ncome, than to try to carry on full
duties, knowing that m a short white he will again be bedrnidden Medical

judgment tempered by good common sense 15 necessary mn giving this
advice

Qumudine

In the preceding discussion of the treatment of patients with congestive
heart fulure no mention was made of the use of qumdme This brings
up a controversial subject and menits a separate analysss Quimdine was
first proposed 2s a drug that would change auncular fibnllation to a
normal thythm It was d d d by Wenckebach who was
told by one of hus pattents with auricular fibrillation that he could make
tus heart beat regularly by taking quuune It was later learned that quini-
dine was more effective in producing thus change This was hailed as a
great discovery because auncular fibnillation, once established or con
tinung for a week or more, was pracucally always expected to persist
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mndefinitely In fact st used to be called the perpetual arrhythmia Further-
more, 1t was also known that heart failure was often precipitated by and
dated its onset from the change of the mechanism of the heart beat to
aunicular fibnllation It seemed reasonable, therefore, to hope that any
drug which could keep the heart regular would be of great benefit The
early reports concerning its use were very optinustic, but, as with many
other therapeutic procedures, unfavorable aspects and lmutations of 1ts
use gradually appeared and now 1t'1s known that the former enthusiasm
was not altogether warranted However, there sull remans a distinct field
for 1ts administration

In a sense, quudine 1s a cardiac porson when grven 1n sufficrent doses
It impaurs the conduction of 1mpulses and can actually mhubit contrac-
uons It lengthens the Q-T nterval of the electrocardiogram, produces
shight notching of the T wave and slows the auricular rate 1 aurzcular
fibnllation The maxuimum effect 1n human bemngs occurs two to three
hours after oral administraion and parallels the degree of concentration
of the drug 1n the blood stream There 15 only a shght amount of the
drug i the blood at the end of twelve hours and only a trace after twenty-
four hours The larger the oral dose, the lugher the blood concentration
There are some unexplamed incompatiiliies 1n the effects of qunidine
I have seen cases of auncular fibnllauon that have reverted to normal
thythm only four or six or more hours after the last dose Regulanization
must have taken place some time after the peak of blood concentration
of the drug Turthermore, 1t 15 puzzhng that qumdine can inhibit extra-
systoles, tachycardia and fibnllation of the ventrcle and yet at umes pro-
duces these very same irregulanities

The pharmacologic action upon which the action of quiidine depends
1n changing an irregular beat 1nto a regular one, consists essentially of two
factors It lengthens the refractory period of heart muscle and it also
slows the speed of the cardiac impulse It will be recalled that auricular
flutter and fibrillation are due to a circus movement of an mmpulse i the
auricles This mmpulse keeps travelmg around the vena cava at 2 very
rapid rate (300 to 600), always finding cardrac tissue ahead of 1t that has
already recovered from the refractoriness following the previous unpulse
and thereby permutting a continuous circus motion to persist mdefimtely
If the refractory period of the muscle could be lengthened, the mpulse
mught find ussue sull refractory and would stop The arcus might be
broken up 1n this way and tlus would permut the normal pacemaker with
1ts slow mherent rate, which has been held in abeyance by the rapid rate
of the circus, to start functiomng On the other hand, if the rate at which
the impulse travels around the curcus 15 slowed or the path it takes 15
lengthened, 1t affords a longer time for the cardiac ussue to recover from
1ts refractormess and thus would allow the circus wave to continue, thereby
tending to perpetuate the circus One effect of quunidine (lengthenung of
the refractory period) would tend to break up auncular fibnillavon or
flutter and the other (slowing of the impulse) would tend to perpetuate
1t When the former predomunates a regular thythm 1s restored and when
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the latter effect predomunates the arrhythmua persists This explams the
variable results obtained from the use of quimdine

Let us consider what mught be expected from restorng a regular
rhythm when auricular fibrillanon ss present In estimatng the results of
therapy both subjectrve sensations and objective changes must be care-
fully differentiated Many patents will say they feel much better after
regularization, when on close analysss 1t will be found that they no longer
are annoyed by palpttation The srregular heart beat 1s casily felt and
causes not only d fort but seme appret They feel the heart
less or not at all when 1t beats regularly, and believe that there must be
great ymprovement because they know that a normal heart should beat
regularly This does not necessarily mean that the heart 15 more efficient
The best mdication that the circulatory state 1s actually improved 1s the
degree of dysprea or the objective signs of congestive heart falure Pa
ttents with aunicular fibnillation who have improved after qumdine may
owe their recovery to the rest m bed and digualis that was given dunng
the perod of observation To differentiate clearly the effects that are solely
the result of quumdine, one should employ all the other therapeutic meas-
ures avatlable for a few weeks and then, when the panent 1s 1 as good
conditon as possible, measure what further improvement may follow
regulanzation When thts 1s done the results will not always be favorable

Some years ago I undertook a study of this sort Inasmuch as dyspnea
15 the outstanding evidence of congestive failure and the vital capacity of
the lungs 1s the best index of the degree of dyspnea, careful measurements
of the vital capacity were made The vital capacity would increase as the
condition improved following bed rest and digitalis therapy The heart
rate would slow as was to be expected After the condition was stabilized
quimdine was given When the rhythm became regular the vital capacity
of the lungs showed no constant alteration—it was shghtly less, the same
or shghtly greater Thus meant that breathlessness was not matersally 1m
proved by regulanzation of the heart, if the rate previously could be ade-
quately slowed by digialis A heart that 1s beating irregularly at a rate of
60 to 70 can be about as efficent as 1f 1t were beating regularly at 2 rate of
70 to 80 In fact, a slow trregular rate may maintam a better circulation
than a rapid regular one It was occasionally found that 1n the presence of
stubborn congestive heart farlure when the regular rate was 100 or more,
mmnprovernent might first become manifest only after auricular fibnllation
developed What would happen was that digitalis that was given faled to
slow the regular rhythm and when auncular fibrllation began the drug
slowed the sentncular rate to 60 or 70 and congestion began to clear In
this sense the irregulanty at times 15 an advantage

There are, however, some definite advantages of a normal rhythm over
auncular fibrillation The formation of mural thromb: m the auricles with
the possible development of emboh 1s much more likely when fibridlation
15 present Also, although the heart rate may be kept slow with digitalis
when 1t 1 srregular, 1t accelerates Jess on effort when regular To these
two factors may be added the subjective relief of palpitanon
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Taking everything 1nto consideration, 1t 1s more desirable that the
heart should beat regularly than wrregularly Quimdine sulfate would,
therefore, be a very useful drug of this change could be accomplished
wathout risk However, there are dangers in 1ts use Occasionally 1t causes
sudden and unevpected death and 1t may result i the productuon of
embol: The evact cause of death ss not clearly understood It may result
{rom an embolus but 5t would not be sudden under these circumstances
I have had three unexpected fataliues m which postmortem examinations
farled to show esther embolt or mural thrombr A direct rovc effect on
the heart may possibly account for some fatahties, 3s 1t 35 known that

N

quinidine can mbubit the prog of tmpulses I of aunicular
beats with temporary disappearance of the P waves has Eeen observed fol
Jowng qumdine If the same type of effect 1s produced m the ventnicles
1t would cause sudden arrest of the heart Another cause of death 15
respiratory Culure In cats, thus, tather than heart failure, 15 the pnmary
cause of death from towic doses of quimdine In fact, when respirauon
has crased and the heart 15 stll beating, recovery can result if artificial
respiratian 1s wsttuted and caffemne 15 admunistered mtravenousfy even
after a lethal dose of quimidine 15 given to the aimal These experiments
showed that the respiratory mechanism can fal while the heart 15 sull
viable and 1f resg can be sumulated or d dunng the
criical period for a long enough tume, recovery may take place Such
observations have a direct chmcal application, for st follows that caffemne
1 large doses and artificial respreation may prove effectve in uding over
some patients that mantfest toxic action from quinidine

During the early years following the mtroduction of quiudimne it was
advised that 1n order to avoid unfaorable effects, patients with aunculaz
fibriflation to be given thus drug should be sclected according fo certain
defimite cnteria Tt was thought that the most sustable were those i whom
there was no great amount of enlargement of the heart, the wrregulanty
was of short duration and there was no signtficant heart faure In other
words, those with the least cardiac disability were regarded as the most
favorable Unfortunately one of the most disastrous results m my own
expertence occurred when all these favorable factors were present Thus
woman, about 35 years old, had a well compensated mutral stenosis and
had been able to work steadtly When the pauent was first seen ber heart
was regular and three wecks later auricular fibrillatson was found She
came nto the hosptal for a tonstllectomy and 1t was decided that the
heart should be regulanized before the operation She was 1 very good

d and after a prel 3 course of digitalis, quundine was grven

The first day two doses of 02 gm (3 graws) were admmstered The
second day the patrent recewved 03 gm (5 grams) thsee tumes That
evening the heart was regular, but there quickly developed marked breath-
lessmess and the patient died 1 several hours I thought she had a pul-
monary embolism from a thrombus mn the nght auncle Postmortem 3=
amunation showed rutral stenosts and neither pulmonary infarct nor antra-
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mural cardiac thrombosis It was after this expentence that the animal
expeniments on the T of death from dine were carried out
Retrospectively 1t scems highly probable that this patient died of respura-
tory paralysis and that the same procedure that enabled the ammals to
survive (1 artificial respiration and caffeine) might have saved her hfe

Apart from the fatalities due to erther cardac or respratory effects,
emboli may become dislodged as the auricles stop fibrillating and start
contracting regularly There 15 po known method of predicting 1n which
case auricular thromb are present and whether emboli will occur When
they do take place embolic phenomena will develop within a few hours
or days after the transition to a normal mechamsm The emboli are more
often arterial than pulmonary and may affect almost any part of the body
¥ 1 15 the most disabling complication Although such
embol1 occur n patients with auncular fibrillation who do not recerve
quimdine, they are much more common during this treatment and must
then be regarded 2s the direct result of quumdine admunistration

Another hmutation 1n the use of qumdine when orgamc heart disease
(especally mutral stenosis) 1s present 1s that once a normal rhythm 15
established, 1n many cases after a short time there 15 reversion to the
aurscular fibrillation that existed before The regular rhythm s often
mantatned only for a few days or weeks and then the enure process of
regularization needs to be repeated In many, it appears to be impossible
or too difficult to keep the heart beating regularly Finally i only about
50 to 75 per cent of the cases will quinidine be effecuve 1n restoring the
heart to a normal rhythm

Notwithstanding the hazards and 1 of dmne 1t D
an ymportant place 1n therapy There are occasional instances 1n which it
alone has been responsible for restoring compensation and one mught
even say in saving life The pros and cons must be werghed carefully and
with increasmg experience a proper selection of those cases 1 which 1ts
use 1s qustifiable will result In the first place, from a review of my own
experience and that of others 1t seems to be safe and effective when grven
to that group of fibrillators by no means small, who have no organic
heart disease There 15 a considerable number who have this arrhythmia
without other evidence of heart disease Here 1t may be expected thar
practically 100 per cent of the patients will promptly revert to a normal
rhythm with only benefical results As a corollary of thus, 1t 15 very
effective m the small number who conunue to show aurcular fibnllation
two weehs or so after a subtotal thyroid for hyperth distn when
the basal metabohe rate has returned to normal It 1s useless to gve
quidine before operauon 1n such cases or even after operation if the
basal metabohic rate has not been effectively Jowered by the operation
It 15 best to wart about two to three weeks after the operanon, because
1 many cases spontaneous change to a regular beat will take place during
thrs time In fact, if the change does not take place careful search for an
undetected mutral stenosis should be made
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The man problem concerns the use of quiudime when mutral stenosts,
hypertenstve or myocardsal discase 1s present This compnses the group
m which fatalities and emboli occur At the outsct 1t must be appreciated
that we have no certain method of avording these acaidents The very
carly cases cannot be regarded as free from hazard, nor can the advanced
cases be grven up as hopeless There are some general primcrples that
may gude us in these decisions All the disastrous results 1n my own
expernience have occurred 1n patients with mutral stenosis Although ser-
ous complications have been reported in nonvalvular cases, they are not
so numerous I, therefore, have greater hesitancy mn advising 1t 1n the
former group When a patient can be restored to a fasorable state of
compensation on digitalss and the ordinary methods of treatment, 1t 1s
doubtful whether quinidine should be used This 1s particularly true if
mutral stenosis 1s present and the ventncular rate can be hept around 70
On the other hand, if the patient 1s domng poorly and 1t seems certain
that he will not become ambulatory one would be justfied 1n hazarding
a course of quinidme Occastonally in cases 1n which there was apparently
no hope, improvement has occurred Furthermore, when palpitauon from
the rapid irregular beat 15 2 major and disturbing complant the drug
may be tned In some cases it 1s evadent that as Jong as the heart was
beatng regularly, the patient was in comparanvely good health and
meapacitation dated from the onset of fibrillation When this disabality
has been present only a short while, one might nisk quimdine therapy 1
the hope of preventng the slow downhll course that often follows the
development of auricular fibnllation

Whenever 1t 15 decaided to use quimdine for persistent guncular fibnl
lanion, the patent should be treated 1n a hospital unless circumstances do
not permut 1t The advantage of hospialization 15 that changes m the
mechanism of the beat may be more read:ly followed if electrocardiograms
can be made whenever needed Ordinary methods of treatment including
digitalis should be employed unul as much mprovement as possible 1s
thereby obtaned A maintenance dose of digitalts 15 continued duning the
period of qumdine treatment Dunng the past several years, before
qumidune 15 started and when tune permuts, Dscumarol therapy has been
msttuted The purpose of this 1s to diminssh the likelihood of the develop
ment of pertpheral embol: When the prothrombin tune has reached the
desred level (35 to 40 seconds) quumdiae 15 started The exact amounts
of qunidine that are employed and the speed with which the dose will
be mcreased wall vary with the urgency of the circumstances and some-
what with the custom of the physician The following 15 2 routine course
from which one can male indsvidual vanations as occasions arse 'The
firstday 0 2gm 1sgrenat 10am,03gm at2pm and04gm at6pm
‘The dose 15 increased by 01 gm each ume, continung the following
days at the same hours of the day The pattent 1s exaruned just before
each dose to see if reversion has taken place If the aunicular fibrdlauon
persists the dose 1s mcreased If regulanzation occurs a mamtenance dose
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of 0210 03 gm three umes daily 15 continued for two to three weeks
This dose 1s then decreased to 02 gm twice daily Whether qumidine

therapy should tually be disc d or d and at what
dosage can only be determined by trial and error and by experrence i 2
given type of panent

The response of different cases varies considerably In some patients
small doses suffice, 1n others single doses as large as 10 or 15 gm will be
necessary for reversion Once the rhythm 1s regular, if doses larger then
03 gm three times daily are necessary to mamtain a regular thythm st
generally will be better to discontnue quimdine therapy entirely and
accept the fibnllation as permanent I recall an nstance m which 08
gm three or four tmes a day was necessary to restore the heart to a nor-
mal rhythm and that same daily dose to prevent a return of the arrhyth
mia This was continued for months and enabled the patient to work,
whereas otherwise he would have been bedridden with congestrve fatture

During the early days when increasing doses of qunidine are given
the ventricular rate often rises while the rate of impulse formation m
the auricles slows The acceleration of the ventricles 1s undesirable and
palp t more table This temporary aggravation of
the condition 1s to be expected but must not be allowed to last too long
In several days 1t must be determuned whether the rhythm wall revert
to normal or not The drug should be omutted 1f any untoward tomc
effects, especrally syncope or marked acceleration 1n rate, develop When
1t 1s found that regulanization does not occur, qumidine should be stopped
ennrely It should not be given m small doses Lke digitalis, for long
periods of ume because 1t will fail to restore a regular beat and only
make 1t more difficult for the digitalis, which the patent 1s recerving, to
keep the ventricular rate slow In other words quinidine 1s given to make
the heart regular or to keep 1t so, but not for any length of time 1f auricular
fibrillation persists

There 15 some reason to bebeve that qumdine mught be useful m the
prevention of auricular fibrillanon 1n those prone to develop this urreg-
ularity One rught expect that the hazards of 1ts use would be avoided
or at least dimunished 1f 1t were given to some patients before fibnllation
develops The difficulty 15 that there 1s no known method of predicting
when this irregulanty wall occur and so one can rarely be convinced that
the treatment 15 accomplishing 1ts purpose Nevertheless, I occastonally
advise patients with well marked mutral stenosts who are well compen-
sated to take 02 gm of quuntdme sulfate two or three times 2 day indefi-
mt:lydm the hope that this distressing type of srregulamty may be pre
sente

Quimdine has other uses than m the treatment of permanent auricular
fibrillatior It has been valuable 1 various forms of paroxysmal rapid
heart action in preventing recurrences For this purpose it needs to be
taken daily for long periods of nme It 1s very effectve m controlling
ventricular tachycarda and often inhibits the occurrence of extrasystoles
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of varous forms These therapeutic problems have been taken up previ
ously 1n other chapters and need not be considered here Suffice t 1o
recall that st has an important place 1n the treatment of many arrhythmas

Surgical Procedures

The madequacy of medical treatment for patients with chronie heart
disease, just as 1n other fields of medicine, has impelled the profession to
seek further aid from surgery The heart has been the last important
organ to enter the scope of therapeunc surgery It 1s evident that opera
tive work on the human heart will necessarily be difficult The circulation
cannot be arrested for more than a brief tme without sacnficing the Lfe
of the body even if the heart beat can be restored The bram in particular
does not withstand anoxerma for more than several mmutes Unul a sanis-
factory aruficial circulauon 1s developed that will nounish the systemic
organs and even the coronary artenies, any lengthy operative procedures
on the mside of the heart will be difficult or impossible Thus 1s just as
important as an apparatus for aruficial respiraton was for the develop-
ment of pulmonary surgery Despite these handicaps, heroic attempts now
and then ate made to explore this new field Traumatic wounds of the
heart are now successfully sutured Considerable progress m pericardial
surgery has been made (Chap 5) Indirect methods of beneficially affecung
the heart have been applied by altenng the nervous system Cervical
sympathectomy, dorsal ganglionectomy, and paravertebral alcohol 1njec
uons of the dorsal rami and ganglia have been employed with some suc-
cess in the treatment of angma pectons (Chap 6) Danng attempts at
mncsing and enlarging the onfice of a stenosed mutral valve have also
been made When the first case of this sort was reported 1 1923 by Dr
E C Cutler and myself, we were hopeful that the operation of valvulot
omy mught prove useful because the patent survived and seemed some-
what better as a result of the operation The extremely high mortality 1
subsequent cases quickly placed this operation 1n disrepute

A simpler operation has been tried on rare occasions to gne rebef,
when there 1s marked enlargement of the heart, 1¢, decompression of
the chest Occasionally thus has been done beleving that pericardial ad-
hesions are present only to find subsequently that the pericardium was
normal Despite this smustahen diag) chinical 1mpr t has been
noted 1n some such cases I had one experience i which the removal of
a generous portion of several ribs overlymg the precordum was of con-
siderable benefit This pattent was about 25 vears old and had mutral
stenosts, auricular fibrillation and marked cardiac enlargement The -
culation was maimtained 1n a fair state of compensation by the constant
use of digitalts I had followed this case for many years The patient
finally developed dysphagia which resulted from pressure of the enlarged
left auricle on the esophagus This was purely a mechanical difficulty and
thd not respond to ordmary methods of treatment The dysphagia was
promptly cured by removing under local anesthesia portions of ribs
overlying the precordium Not only was the patent able to swallow nor
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mally after this operation, but palpitation, which had been very annoymng
before, was much mmproved She then did not feel the rapid irregular
heart beat because 1t was no longer pounding agamnst bony ribs but rather
on 2 soft cushion of muscles and subcutaneons tissue Even the ventricular
rapidity seemed to be better controlled by digitahs than formerly The
patent lived for about mne years after the operation Such decompression
of the chest may be ndicated whenever an enlarged heart 15 producing
distressing symptoms as a result of pressure This may not only mvolve
the esophagus but also the left bronchus, causing harassing cough En-
largement of the left auricle and of the pulmonary artery may also pro-
duce hoarseness or aphora as a result of paralysts of the left vocal cord
caused by pressure on the left recurrent laryngeal nerve Similar operative
procedures that decompress the chest may possibly prove useful i such
condiions

The hopelessness of many cases of advanced cardiac disease has been
responstble for the development of another surgical procedure, complete
thyrotdectomy Its apphcation 1n the treatment of patents with angma
pectorss has already been discussed (Chap 6) It also has been performed
for intractable congestive heart failure, due exther to valvular or myocardral
disease It was known that when the basal metabolic rate 1s elevated as
hypertt dism, and there 15 heart failure, 2 subtotal thyroid-
ectomy with 2 subsequent fall i the metabolic rate caused the heart
failure to disappear It was also known that 1n myxedema associated with
a sluggish circulation, congestive heart farlure was very rare It was, there-
fore, t )} d that by producing myxed: 1n a patient with-
out hyperthyrordism who has heart fajlure the demand on the heart might
thereby be lessened to meet the supply However, 1t was overlooked that
m the production of myxedema, not only 1s the demand diminsshed by
lowermng the metabolic rate, but the supply 1s also depressed, for the
volume output of the heart 1s duninished and the velocity of blood flow
15 slowed 1n spontaneous and arnficial myxedema If the circulation 1s
improved by thuis procedure therefore there must be other factors at
work The mherent metabolism of the heart may be altered so that 1t does
1ts necessary work more efficiently and with less proportionate expenditure
of energy Another possibihity 15 that with a partral myxedema, the heart
15 less sensiuve to certain reflexes or mnternal hormones such as epmeph-
rne Fmally 2 most important factor 1s the size of the heart A certain
amount of dilation of the heart may be beneficial but excessive dilation
imparrs the efficency of the arculaton In congestive heart failure the
heart 15 already dilated to a greater or lesser extent When myxedema 1s
produced, there 15 a tendency for further dilation to occur May not 1m
provement depend on this unpredictable factor, 1 e , whether the further
dilatton of the heart 15 excessive or not? At any rate the pathologic phys:
ology of this problem 1s still unsettled

The clinical results of complete thyroidectomy have been vanable In
those suffering from extremely advanced lestons, 1f improsement occurs
1t may not last Jong enough to warrant the operation On the other hand,
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the operation does not seem justified 1f the disease 15 only slight or mod-
erate or 1f the disability 15 not great, because of the handicaps attending
partial myxedema There remains a small group of cardrac patients, neither
too sick nor too well, who may be suttable for this operatton There 15
no doubt that some of the patients who had complete thyrordectomy have
been improved as far as their symptoms of heart failure are concerned,
but 1t 15 hoped that a simpler method mught be devised to obtan simular
results sathout producing the 1ll effects that follow the removal of an
important vital organ This work must sull be regarded as 1n the expen-
mental stage, but has alteady served as a forceful sumulus to the explora-
tion of new fields that might bring relief to those suffening from intractable
heart disease At present I do not advise total thyroidectomy 1n the treat-
ment of persons with chronic cardiac disease

Nonsurgical methods of decreasing thyrod function and producing a
partial myaedema are now bemg employed The first consists of admin
sstering large doses of propylthiouracil to patients with intractable con
gestrve faillure or angina who have a normal thyroid gland This may
need to be continued for several months or more before a lowering of the
metabolism occurs The doses required are hikely to be large—100 to 200
mg three mes daily The second method 15 the use of radioactive 1odime
This 15 much simpler but at present can be given by only a few physicians
under very careful supervision The early reports of Blumgart mdicate
that the results are farly satisfactory 1n the majonity of cases of angmna
but less so 1n those suffering from congestive failure The doses of rado-
active todine employed have vared from a total of 25 to 120 mullicuries
given 1 nterrupted amounts at varying mtervals No njury to other
organs has been observed although m about one half of the cases 2 muld
sore throat and cough has occurred which disappeared 1n a week or so
The cholesterol was found to nse before the basal metabolism fell The
results of these two types of treatment need to be obsenved more ex-
tensively and for a longer time before final judgment as to their value
can be determined

Another surgical procedure that 1s being employed for hypertension
and to some extent for hypertensnve heart falure 15 sympathectomy
Vartous types of operations are bemng tried, but 1t appears that the dorso
lumbar sympathectomy of Smuthwick 15 at present most promusing More
extensive diviston of the sympathetic nervous system, mcluding all the
dorsal and lumbar branches, may prove to be more effectuve Already
many successful results have been obtaned, even when myocardial
mvolvement was present as shown by the presence of gallop rhythm and
markedly abnormal electrocardiograms This approach to the problem of
hypertension and 1ts comphicattons deserves our most careful tterest and
attention

There 1s one pecular though rare form of congestive heart failure that
responds most dramatically to surgical treatment, 1€, the type following
artertovenous aneurvsm or fistula As a result of a traumatic wound or less
frequently following 2n infection, a communication may become estab
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lished between an artery and an adjacent ven Blood 1s then shunted
through the crrculation and the work of the heart becomes definmrely
increased In the course of ume dilatation of the heart, murmurs and con-
gestive farlure are apt to develop 1f the blood vessels mvolved are of
significant size The diagnosis 15 easily made by the hustory and the find-
1ngs of a continuous murmur and thrill at the site of the aneurysm with
accentuation dunng systole Furthermore, compressing the fistula pro-
duces an immedsate and charactenstic slowing of the heart rate The
surgical obliteration of the communication between the artery and vem
can result 1 2 plete disapp e of all sut ¢ and objecuve
evidence of cardrac failure

An artenovenous fistula occastonally 1s discovered m the lungs The
expected contmmuous murmur will be audible wiuch resembles the mur-
maur of patent ductus arteriosus At times the two conditions may be
confused although an x ray finding of a shadow 1 the lung ought to be
diagnostic Apart from the auscultatory findings this conditton may be
associated with cyanosis, clubbing and polycythemra It 1s curable by
surgical operation

With the rapid advances that have taken place 1n surgery of the heart
during the past decade or two 1t 1s not surprising that attempts at opera-
tions for mutral stenosis have been revived The early work by Cutler and
myself some twenty-five years ago m which the valve was approached
through the ventricle did not prove successful, although 1t opened the
field of direct surgical approach to chromc valvular disease of the heart
More recently, the mutral valve has been mnased through the left auncle
and the results are more promusmg Baley performs a commussurotomy
and believes that stenosis 1s at least partly reheved thereby without addimg
any sigmificant degree of mutral imnsufficency He has already obtamed
great improvement 1 some of hus cases wath a farrly low operative mor-
tality Harken performs a finger fracture of the stenosed mutral valve,
also approaching the valve through the left auncle From an expenimental
pomnt of view, artificial valves have been devised to by-pass valvular
obstrucnons m ammals and have been found to functton We all ook
hopefully for further perfectton of surgical technic so that some of the
Iutherto meurable conditions may become amenable to treatment

Indirect surgtcal methods of reheving pulmonary congestion have also
been tned In cases of tight mutral stenosis with a hrgh degree of pul-
monary back pressure and congestion but without night sided failure there
are various means by which the congestion mught be rehieved One would
be by making a window 1n the wnterauncular seprum, thus mrtanng a
Lutembacher syndrome This would relieve the pressure 1n the left
auncle and thereby 1n the lungs, and would shunt the blood to the nght
side of the crculation This operation has already been performed by
Harken Another procedure 1s to tear the tricusprd valves and produce
tncuspid msufficiency Tn this way fess blood would be expelled mto the
lungs The situation would somewhat resemble what obtains 1 cases of
mutral stenosts that also have trncusptd stenosis Here there is much less
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more slowly, about 200 mm per sccond It picks up speed as 1t continues
mto the aunculoventricular bundle but 1t ss sull conducted at a relatively
slow rate The bundie runs forward for a short distance on the erest of
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the muscular portion of the interventricular septum at 1ts junction with
the membranous septum ( undefended space ), then divades imto a night
and left branch The impulse travels even faster i the bundle branches
which course down on each side of the interventrcular septum ‘The
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tished between an artery and an adjacent vemn Blood 15 then shunted
through the circulation and the work of the heart becomes defimitely
increased In the course of time dilatation of the heart, murmurs and con-
gestrve failure are apt to develop 1f the blood vessels mvolyed are of
sigmificant size The dragnosss 1s easily made by the hustory and the find
ings of a contnuous murmur and thrill at the site of the aneurysm with
accentuation during systole Furthermore, compressing the fistula pro-
duces an immediate and charactersstic slowing of the heart rate The
surgical obl of the 10n berween the artery and vem
can result m a complete disappearance of all subjective and objective
evidence of cardiac failure

An artersovenous fistula occasionally 1s discovered in the lungs The
expected contmuous murmur will be audible which resembles the mur-
mur of patent ductus artenosus At tmes the two condwons may be
confused although an x ray finding of a shadow 1n the lung ought to be
diagnostic  Apart from the findings this d may be
assocrated with cyanosss, clubbing and polycythemma It 35 curable by
surgical operation

With the rapid advances that have taken place in surgery of the heart
during the past decade or two 1t 1s not surpnising that attempts at opera
tions for mutral stenosts have been revived The early work by Cutler and
myself some twenty five years ago in wluch the valve was approached
through the ventricle did not prove successful although 1t opened the
field of durect surgical approach to chronic valvular disease of the heart
More recently, the mmtra] valve has been inased through the left aurcle
and the results are more promismg Bailey performs 2 comnussurotomy
and believes that stenosis is ar least partly relieved thereby without adding
any significant degree of mutral nsufficiency He has already obtamed
great improvement 1n some of Ius cases with a fairly low operative mor
tality Harken performs a finger fracture of the stenosed mutral valve,
also approaching the valve through the left auricle From an experimental
pomt of view, artificial valves have been devised to by pass valvular
obstructions 1 ammals and have been found to function We all look
hopefully for further perfection of surgical technic so thar some of the
hitherto incurable conditions may become amenable to treatment

Tndirect surgreal methods of rel g pul Y have ako
been tried In cases of tight mutral stenosts with a lugh degree of pul
monary back pressure and congestron but without night sided failure there
are vanous means by which the congestion mught be relieved One would
be by malung 2 window m the interauncular seprum thus imtating a
Lutembacher syndrome This would relieve the pressure mn the Jeft
auricle and thereby n the lungs, and would shunt the blood to the night
side of the arculation This operation has already been performed by
Harken Another procedure ss to tear the trcuspid valves and produc
tricuspid nsufficency In this way less blood would be expelled mto th
lungs The situation would somewhat resemble what obtams m *©
mutral stenosts that also have tricuspid stenosis Here there is
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dyspnea and pulmonary congestion (see Chap 4) This operation has been
performed by Cossto of Argentina Another method also reported by the
same observer consists of ligating the inferior vena cava below the renal
veans, Just as has been done 1n some cases of thrombophlebitis of the
legs This \muld also decrease the return flow to the mght heart and
¥ In the reported cases 1t has stopped the

recurrences of acute pulmonary edema

A final techmic reported by Bland and Sweet consists of sutuning the
azygos vein to one of the pulmonary veins, gappmg the bndge with a
vitalllum tube I have seen two of their cases i which the results appear
to be dramatic These shunting operations, particularly this last one, are
primanly applicable to a selected group of cases The 1deal situation 15
one 1 which the heart 1s not much 1f any enlarged, although the left
aurcle 1s dilated and there 1s a high degree of pulmonary hypertension
The latter 1s reflected n the tendency to repeated hemoptysts or attacks
of acute pulmonary edema In these cases cathetenzauon studies show 2
marked 1ncrease of pressure in the right ventncle, pulmonary artery and
pulmonary capillanes There should be very Inte if any evidence of
night sided heart failure Although none of these operations attacks the
underlying lesion of the mutral valve, and are therefore only palliative, 1t
seems quite certam that they can afford relief of distressing symptoms
Until more effective methods have been devised, there can be no doubt
that they will have a useful place 1 properly selected mdividuals
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Clmcal Electrocardography

THE NORMAL ELECTROCARDIOGRAM

Normally the impulse that iutates the heart beat anses 2t the swo-
auncular node of herth-Flack a club shaped structure consisting of spe-
calized tissue measuring about 1 5 cm 1n 1ts greatest length and located
Tigh 1 the nght atrum near the onfice of the superor vena cava This
ussue 15 different 1n structure from the rest of the cardiac musculature
and 1s rich 1 nerve fibers and ganglion cells Although there 15 reason
to believe that rhythmic electnical activity must ewst within this struc-
ture, thus far conclusive evidence for electnical activity withun the node
has not been demonstrated So far as we know there 15 no representaton
of stnus activity 1n the normal electrocardsogram The wave of excrtation
emerges from the smo auncular node nto the auricular muscle proper
Hence the node 1s called the pacemaker of the heart Smce there 1s no
specialized conduction path in the auncles, the impulse 1s then conducted
radually over the auricles 1 much the same manner as a ripple spreads
over the surface of a pond when a pebble 15 dropped mto 1t Because of
the thinness of the auricular walls the epicardial surface 1s acnvated as
soon as the underlyng endocardral surface This wave spreads over the
aunicles, depolanizing first the greater part of the right atrium then the
greater part of the left atum At or shortly before the height of the P
wave the nght atrium has been activated the left atrium 1s activated
durmg the second half of the P wave The impulse 15 conducted over the
aurcles at a fairly rapid rate, 1n the neighborhood of 1000 mm  per second
The wave of depolarization 1s followed by a wave of repolarization (the
so called auricular T wave) but thus 1s ordinantly swallowed up 1n the
succeedung ventricular complex of the normal electrocardrogram

When the first half or so of the P wave has been wrntten and the night
auricle activated the wave of exaiation 15 picked up by the juncuional
tissue between the auncles and ventnicles Thes structure 15 called the
aunculoventricular node of Tawara which contmues as the auriculo
ventricular bundle of His This junctional tissue also has a specialized
structure like the smo auncular node The aunculoventricular node 15 an
ovaid structure located beneath the night atrial endocardum just below
the onfice of the coronary sinus Here the mpulse 15 conducted much

325
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more slowly, about 200 mm per second It picks up speed as 1t continues
wnto the aursculoventrrcular bundle but 1t 15 stl} conducted at a relatnely
siow rate The bundle runs forward for a short distance on the crest of
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the muscular portion of the interventricular septum ar 3ts junction with
the membranous seprurn { undefended space ), then divades mro 2 nght
and Jeft branch The impuise travels even faster 1 the bundle branches
which course down on each side of the interventnicutar septum The
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night branch becomes a part of the anterior papillary muscle of the night
ventricle and does not branch agamn unul the apical extremuty of that
muscle 1s reached (F1g 1) The left branch, on the contrary, 1 most of
not all indrviduals, begins to branch shortly after 1t has become the left
main stem These spectalized conduction paths continue with finer and
finer arborizatons (Purkinje fibers) and spread throughout the two ven-
tricles, being particularly abundant on the endocardsal surface of the
ventricles All of the electrical events descnibed so far, activation of the
auricular musculature, the aurtrculoventricular node, the aurtculoventric
ular bundle, the bundle branches and the Purkinje network, are included
11 that part of the normal electr from the of the
P wave to the beginmung of the ventncular complex (Fig 2) However,
the spread of the impulse through the main bundle branches and the sub
endocardial Purkinje network 1s so raprd that these events have virtually
no duration and are not represented m the normal electrocardiogram

Because of the eatlier arbogization of the left bundle branch, the left
stde of the septum for a brief nstant, 15 activated earlier than the nght
Spread of the umpulse 1n the muscular septum and the free walls of the
ventricles 1s much slower, 400 mm per second, than spread in the Purkinje
nssues which has been measured at 4000 mm per second The spread of
the impulse 15 10 the direction from the apex toward the base of the ven-
tricles on the endocardral aspects of their free walls and approxumately
at nght angles to the endocardium from the subendocardial network to
the epicardium  Because of the rapduty of subendocardial activanon this
process 1s almost synchronous throughout the ventricles As a result both
ventricles are stumulated to contract almost simultaneously Actually, since
the night ventricle 1s thinner than the left, the impulse has a shorter dis
tance to travel and emerges upon the epicardial surface of the night ven-
tricle earlier than upon the epicardral surface of the left ventricle Coin-
cident with the latter part of septal activation the free wall of the right
ventricle close to the septum 1s activated Furthermore, the thunner apical
poles are actnvated earher than the thicker bases of the ventricles

Electrical Activation of the Ventricles

Tt wall be helpful at this pownt to consider certan theoretical aspects of
the electrical activauon first of a muscle strip, then of the human ven-
tricles If a sumple muscle strip (Fig 3) 1s sumulated at pomnt A an elec-
trical impulse spreads from pomt A along the strip toward pomnt B The
impulse can be regarded as a wave front with positive charges m advance
and negatnve charges wn the wake of this advancing wave of depolanzanon
A recording electrode 1s coupled through 2 galvanometer to a remote
pont of neghgible p ] The gal 15 50 arranged that a post
tive potentsal at pount A 1s recorded at the galvanometer as an upward
deflection and a negauve potential at pomnt A as a downward deflection
Since pomnt A 1s 1 the negauve field of the advanang wave during the
passage of the mmpulse, a downward deflection 1s recorded at A If a
simular arrangement ss set up at pomt B, an upward deflection 1s recorded
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at porat B since B 1s 1n the pounve field of the advancing wave It may
be concluded, then, that with such an arrangement an impulse moving
Jfrom a pownt 15 recorded at that point as a downward deflecuon and an
smpulse moving foward a pomnt 15 recorded at that point as an upward
deflection By convention the to the gal m human
clectrocardrography are denucal with those grien above and the same
consideranions apply

From present knowledge let us now consider (g 4) the potenual
variations occurnng from moment 10 moment during ventrscular activa-
non at two potnts 1a relation to the heart, one (pomt A) 1n relanon to the
epicardsal surface of the nght ventricle and the other (pownt B) tn relation
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Tiz 3 Potennal vaniations at esch end of a simple muscle stop sumulated at
one end If positvity 18 indicated by an upward deflection the secording electrode
away from which the impulse moses records a downward defiection while that
toward which the impulse moves records an upward deflection

to the epicardial surface of the left ventricle An electrode at pont A,
facng the nght venicle, bemg in the positnve field of the mitial unop-
posed wave moving across the septum, records a small upward deflection
(Tig 4, 1) Addiuonal coalescent wave fronts now form on the Jeft side
of the septum and, at the same tme, presumably at the apet of the nght
ventricle near the base of 1ts anterior papillary muscle The electrode 1s
now tn relation to a large cone (for although we have represented these
electrical events upon the plane of the page they must be thought of m
relation to all heart muscle in its three dimensions) of posmwity from the
spread of the mmpulse from the left side of the septum, a cone of nega~
tevity from the spread of the impulse on the nght side of the septum, and
a cone of either posinwity or negatwaty from activanon of the apieal part
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of the free wall of the right ventricle depending upon its orentation
with regard to the electrode If the cones of positrvity predomemare there
1s a further mcrement (Fig 4, 2) m positvity at electrode A At the next
instant (F1g 4, 3) the free walls of the right and left ventricles are bemng
activated The much larger negative fields due to left ventricular activa

i@l @
o oY
Q) 1Y)

5
Fig 4 Current conception of the moment to moment manner of depolartzation
of the ventricles {After Ashman )

tion more than overbalance the small positive field due to nght ven-
tricular activation Hence the electrode now shows a change in polanty
with consequent reversal in the direction of the deflection recorded there
Smce the area of y facng the el de 1 still greater
the deflection becomes still more negauve (Fig 4 4) As the cone of

negauvity has now reached us and 1s now d the
g
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deflecion has reached 1s nadir and moves agam toward the baselne
(T'g 4, 5) T'nally with total depolarizanon of the heart the tractng has
returned to the 1soelectric hine  Accordingly the il ventmicufar com-
plex as recorded over the nght ventricle consists of a small upward R
wave followed by a jarge downward S wave deflection To indicate the
refative size of these deflections this may be designated an rS wave These
consideranons are true whether the electrode 15 1n contact with the right
ventricular wall (direct lead) or with the precordium oveslying the nght
ventncle (semudirect fead)

An electrode facing the left ventricle at point B, secording the same
electrical events, being 1n the negatve field of the imnal unoppesed activa-
uon of the seprum from 1ts left to 1ts right side, records an mtal down-
ward deflection At the next instant electrode B 1s 1n relation to the larger
and nearer field of negauvity due to further actination from the left to
the right side of the septum, probably averbalancing the smaller and more
distant field of posinvity emerging from the region of the ape< of the
nght ventricle, a further increment mn the 1mual downward deflection
may thus be mscribed For the next few moments depolanzation of the
free wall of the left ventnicle brings a much larger area of postuvity into
relation with the electrode than the area of negauwnty produced there by
depolanzauon of the smaller and more distant free wall of the right ven
tmcle Hence the deflection now moves upward When the area of post
tivity reaches its maximum the upward deflection reaches its apex As the
area of posttivity i relation to the electrode now recedes the deflection
moves toward the isoelectnie line, and when the ventricle 1s fully depolar-
1zed the deflection has returned to the 1soclectric lme Thus n a general
way an electrode facing the left ventncle records as the imuial ventricular
complex a small downward deflection (Q wave) followed by a large upward
deflection (R wave) To indicate the relatve size of these deflections we
may designate this as a qQR wave With some qualification these consid
eratons apply equally to an electrode apphed directly to the left ventric-
ular surface (direct lead) and 1o one on the overlymng precordium (sermi
direct lead) The more directly the clectrode faces the left side of the
septum, the more promment should the imitial downward deflection ap
pear Whatever part of the body faces the left side of the septum should
show thus imtial downward deflection followed by a large upward deflec-
tion It should be clear, then, that the normal Q wase 1s produced by
septal activation, 1t 1s referred to as a ‘sepral Q wave andisa normal
finding of no pathologic significance

Precordial Leads

Although some of the proneer studies 1 electrocardiography were car
nied out with chest leads, nterest 1 these leads was abandoned earlv 1
favor of study of the electrical events reflected mn the frontal plane of
the body and recorded tn the conventional ftmb leads Howerer, m the
course of some twenty years cerrain hrmtanons n the cony ennonal mb
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leads with regard to the diagnosis of anterior myocardsal infarction and
certamn practical and theoretical developments with regard to the recog-
mtion of bundle branch block prompted a renewed interest 1n these chest
or precordial leads At first a bipolar techac simlar to that used for the
limb leads was employed, the polariry was such that relative posiuvaty at
the precordium was represented by a downward deflectron of the tracmg
and relative negativity by an upward deflection Later this convention was
reversed so that the tracings would be comparable with those obtamed m
the three conventional leads It was felt or hoped that the potenual of
the limb wath which the precordral pomt was pawred, had an electrcal
1 which was negligible with to the electrical contmbution
of the precordial pomnt  Actual expenence, however, showed that the con-
tribution of the hmb potential to the chest lead, whether 1t was a CF
(chest left leg) lead, CL (chest left arm) lead CR (chest night arm) lead
or CB (chest-back, usually over the right shoulder) lead, was by no means
always negligible The reason for this 15 twofold (1) Although there 15 2
logartthmic falling off of the recorded cardiac potentals from the heart
to the more remote portions of the trunk, which funcuons as a volume
conductor, the imbs act rather as mear conductors and there 1s there-
fore no further drop 1n potential from gromn to toes or from aullae to
finger ups (2) The heart, as will become clearer presently, may be so
onented as to have a considerable electrical effect at the limb paired with
the precordial pomt Only if the heart happcns to be so posmoncd that a
muxture of nght and left ventricular p
one another, 1s reflected 1o an em'cmxty, would that cxu’emnty  show a
really neghgible potential Therefore none of the lumbs can be depended
upon to be truly indifferent All workers in the field have therefore
agreed upon the desirability of an arrangement one of whose poles records
the potentuals of a precordial point and the other whose potential 15 zero,
this would be a unipolar chest lead Although opinion 1s still not unanymous
on just how such a unipolar chest lead should be recorded most of the
objections to the Wilson unipolar chest Jead have now been met This
conssts of two loops, an exploring loop which 15 attached to the posiuve
pole of the galvanometer, and a central terminal loop which 1s connected
to the negatnve pole of the galvanometer The central termunal m tumn 15
connected to each of the three extremities, nght arm, left arm and left
leg, through a 5000 ohm resistance Accepting the vahdity of the Ein
thoven trniangle hypothesis, to be described more fully below, the potential
at the central termmal must be the average of the potentials at the three
extrenuties (Fig 5) If, for example at one mstant during the electrical
actnvation of the ventricles the potentral at one of thcse extremitics
mcreases that at the other two ¢

s0
that the average at the three e and, fore, the 1 at
the central termunal does not change Thus a reference point with a non
. Buctuating p 1 15 ob d Actual of the p ! at

this central (ermmal show 1t to be very close to zero, with xmmma] and
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tant fluct from w© dunng the cardma

cycle, and to show less fluctuation than any single powt i the body m
matter how remote from the heart

Although at first the potencials of only one and later two precordia

pomts wese recorded, the desirabshity, w certam condinons, of recordin

RA

Fig 5 The central rermunal of Wilson

Let VR represens the voltage at RA (night arm)

VL represent the voltage at LA {left arm)

VF represent the voltage at LL (left leg}
and VT represent the voltage at CT (central yerpunal)
But by Ohm s Jaw EMF (voltage in each part of the aircty = Current (in same

part of exrcwt) < Resistance (in same part of crcmt)

Thea VR — VT = Current (RA — CT) 3 a constant
and VI ~ VT = Current (1A — CT) X 2 constant
and VEF ~ VT = Curreny (EL ~ CT) X 3 conssant

Adding these three equstions
VR + VL + VF ~ 3 VT = [Current (RA ~ CT} + Current (LA — CT) +
Current {LL ~ CT)} X a constant

But accosding to Rarchoff s furst Jaw the algebraic sum of the currests meeting
@ any point in any network ©f wires 1s 2ero
VR 4+ VL + VF -~ 3VT = 0 X acontrant = O
VR 4 VL 4 VP = 3VT

AndvT = YR+ "3’~ +VE

Or swated dufferently The potential at the central termumal 15 the average of the
potenuat at the three extrenmiies

the potential at several precordial pomts 15 now unvessally recognized
Precordsal Jeads are of valug, frequently decisive, m the study of myo
cardwt mnfarction, bundle branch block and ventncular hypertrophy In
most mstances a decssion regarding any of these three conditions can be
made from the study of two or three precordial pomts, ot there are e
tasn mstances when decisive changes will be present at only one of six
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precordial pomts This pomt mught be skipped when the potentials of
only two or three fixed pownts are Tecorded, hence the frequent need for
multiple precordial leads Experience has shown that 1n those cases
which precordial exploration 13 necessary the potentials of six precordial
pomts should be taken These are

Pomt 1 At the fourth intercostal space just to the right of the sternum

Pomt 2 At the fourth intercostal space just to the left of the sternum

Pomnt 3 At a pomt midway between pomts 2 and 4

Pomt 4 At the fifth space 1 the line

Pomt 5 At the same horizontal level as pownt 4 1n the anterior axlfary line

Pomt 6 At the same horizontal level as point 4 1n the nudaxillary line

When these ponts are pared with the central termunal of Wilson they
are called leads Vi, Va2, V3, Va Vs and Ve respectively At umes 1t 1s
necessary to record addmonal leads to the nght of ¥1 or 1o the left of
Vg or cephalad to V4, 5 and ¢ This will be discussed later

Extremmty Leads

1In Yus classical studies of the electrocardiogram Emthoven concenved of
the heart as bemng 1n the center of an equilateral triangle whose apices
are the night shoulder, left shoulder and left groin, the heart bemng quite
distant from these apices and these apices bemng distant from one another
He assumed also that conduction of an electrical impulse 1n the tssues
of the body from the heart to the extremuties 1s uniform This 1s the
Emthoven hypothess It 1s to be disungushed from the Emthoven
equation The latter 15 a necessary consequence of the arrangement of the
electrocardiogram and merely states that at any mstant the magmitude and
sign of the QRS complex (or the P wave or the T wave) in Lead IT must
be equal to the algebraxc sum of the magmtudes of the QRS complex
(or P wave or T wave) as inscribed at the same moment m Leads I and
11T It s a valuable fact often enabling one to detect improper application
of the electrodes However there has been some disagreement regarding
the validity of the Emnthoven hypothesis The ponts of attachment of the
extremuties to the trunk do pot exactly form an equilateral tnangle The
heart 1s not precisely i the center of a mangle formed by the extrem-
1ties, 1 general 1t 15 closer to the left shoulder than to the nght shoulder
or left grom Conduction 1s not umiform through muscle, lung, liver or
bone In spite of these objections, however, the hypothesss 1s close enough
to the facts 10 have been of mesumable value in the study of the electro-
cardiogram duning the past quarter of a century Practically all studies
have shown that though there may be some argument about the details
1n a general way the Emthoven hypothests may be accepted as valid and
workable

The convenuonal leads described above being bipolar leads, represent
the combined potentials of two of the three pomts at the apices of the
Emthoven trangle Thus a downward deflection m Lead III mught be
the result of 2 dowpward deflection at the left leg or of an upward deflec-
tion at the left shoulder, since an upward deflection at the left shoulder
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1s routed through the gal 5o that 1t b a downward deflec-
non 1 wntng Lead IIT As will become apparent, 1t 1s frequently desir
able to break down the composite potential of Lead III into its con
sttuent parts This can be done by the use of formulas or, much more
readily, graphically and strikingly, by the use of unipolar extrenuty leads
These are sumilar 1n theory and practice to the umpolar chest leads des-
cribed above By coupling the central termumnal of theoretically zero potential
through the galvanometer m tum, to cach of the three extremuies, nght
arm, left arm and left leg, 1t 1s possible to record virtually the potential
at each of these points and thus to obtain, 1n relatively pure form, as it
were, the potential at the apices rather than along the sides of the Ein
thoven trniangle These are called unipolar hmb leads and are designated
VR (nght arm), Vi, (left atm) and Vg (left leg or foot) As worked out
by Wilson (Fig 6), a 5000 ohm resistance was included between the
central termunal and each of these three extremuties to swamp out local
differences 1n resistance between skin and electrode at each of the three
hmbs In order 1o increase the magmtude of the unspolar potentals
recorded at the lmbs Goldberger did two things (1) Contending that
little or no difference 1s produced 1n the resulung tracings whether or
not reststances are 1ncluded 1n the arcutt, he elmnated the resistances
n the portion of the circuit berween the central termunal and the elec-
trodes (2) Since the potennal at the extremuty beng invesugated was
routed to each pole of the galvanometer and thus, to a certam extent,
was pitted against 1tself, he detached the wire of the combined portion of
the central terminal from the extremuty being studied Reference to
Figure 6 shows the Goldberger modification more clearly Thus he ob-
tamed i unupolar kmb leads, designated aVR, aVy. and aVF
It 15 to be noted that, 1n dropping the central attachment to one of the
limbs, the record obtamed was no longer strictly unipolar It can be
shown, howeser, that when a simular arrangement 15 used at each of the
extremines this discrepancy 1s neutralized Wilson accepted the second
change but retaned the 5000 chm resistances There 15 still some con-
troversy as to whether these umpolar limb leads should be recorded at
all, whether these umpolar Itmb leads should be ¢ augmented and whether

should be d It 1s our imp that unipolar hmb leads
are very helpful in certan cases A study of the recent literature W ould
seem to ndicate, moreover, that less error 15 mtroduced into the method
1f the resistors be retamed Accordngly the tracings reproduced m this
book and Iabeled aVR, aVL and aVy are Wilson augmented umpolar
hmb leads

The Electrical Position of the Heart

The heart does not occupy a fixed position in the thoracic cage but maj
sary in posiion from mdividual to ndwvidual and from time fo ume
1n the same mdmidual Tt 1s known that, by and large, the trunk of the
body acts as a volume conductor, but the extremities functon as lmear
conductors, recording the potentials at their respective points of attach
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ment Sice these pomnts of attachment are mvariable, errors due to shght
vanations 1n the pomt of attachment of the electrode on the Limb are
obviated, 3 distinct advantage thus bemng obtamed by the use of the
extremuttes for recording the cardiac potentrals In essence then, the

UMPOLAR LIMB LEAD [WILSON)

Fig 6 The methods of ding urupolar and d umpolar

leads

cardiac potentals recorded at a point may vary (I} with vaniation 1n the
position of the heart in relanon to a fixed efectrode, (2) with vanaton 1n
the position of the electrode in relation to 2 fixed position of the heart,
or (3) with 2 combinanon of the two By the use of extremuty leads the
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factor of vanation 1n the position of the ek de 15 el d, enabling
us to study varanons 1 the position of the heart

The vantage powts used for this purpose are the nght arm at its attach-
ment to the nght shoulder, the left arm at sts attachment to the left
shoulder and esther the right, or, as 15 the custom, the Jeft leg at 1ts attach
ment to the trunk Becavse of 1ts pericardial reflections the heart 1s rela-
uvely fixed at ws base but enjoys a greater degree of mobility at 1ts apex
The night shoulder faces the base and cawitary aspect of the heart and
hence records a pred Iy dos nward defl {which may be pre-
ceded or followed by a small upward deflection depending respectvely
upon whether a small part of the right or left ventricular potentals are
reflected there) The potenuals of the left shoulder and leg, on the other
hand, show much greater vanations From the latter one may draw cer
tain nferences regarding the electrical positon of the heart Assumug
normal actnation of the heart we may designate as an intermediate positon
(fig 7), one m which the left ventneular potentials are transmutted ap-
proximately equally to the left shoulder and left leg A korzontal posttion
(g 8) 1s one 1n which the heart has rotated on 1ts anteropostenor aus
so that the left ventricular p are d to the left should
while nght ventricular potenuals are reflected to the left leg A vertical
position (T1g 9) 1s one sn which the heart has rotated 1n the opposite direc-
tion on it anteroposterior axts su that left ventrcular potentals are
transmutted to the left leg while right ventricular potentials are reflected
to the left shoulder One can, with Wilson, concenve also of semuverncal
or semibortzontal positions In the semikorizontal position (Fig 10) the
rotation of the heart 1s mncomplete so that whereas Ieft ventricular poten-
trals are ¢ ted to the left shoulder, the heart has not developed the
extreme degree of rotation characteristic of the truly horizontal heart, and
a muxture of right and left ventricular potentials are reflected o the left
leg, virtually exunguishing one another, so that the QRS complex recorded
at the left leg possesses a low electromotive force In the semertical
posttran (Fig 1), whereas left ventricular potentials are transmtted to the
left leg the left shoulder similarly recerves a musture of left and nght
ventricular potennals, agamn mutually evimgwshing one apother, and
resultung m a QRS complex of Jow electromotive force at the Jeft shoulder
Comparison of the untpolar mb and chest Jeads in the following manner
enables one to idenufy the vanous posiuons of the heart

Verucal postion Lead Vy, resembles Leads Vy and V; Lead Vp resembles
Leads Vs and Yy

Semuvertcal postion Lead Vi resembles Leads Vy and Vg QRS camplex of
Lead Vi 18 small

Intermediate posiwon Leads ¥y, and Vyp are simlar and resemble Leads Vs
and V,

Sembonzontal posson Lead Vy, resembles Leads Vs and Vo QRS complex
of Lead Vg 15 smalt

Horszontal po wion Lead Vy, resembles Leads Vs and Vg Lead Vi resembles
Leads Vy and V, b

Indetermunate postion No relation demonstrable between the umpolac lunl
and precordial leads



Heart 1n electrical position
The left ventricle ts 50 stuated thar its potentials are reflected equally to the
left shoulder and left leg Hence both Lead aVy, and aVp resemble Leads Vg
and Vg 1t 15 to be emphasi~ed that although anatomc sketches are here used 1o 1llus~
trate the vanous positions of the heart this 1s merely a graphic method of demon-
stratng how votauon of the heart can alter 11s electrical projecnons with regard to
the extremties These should therefore be concerved of as elecirical postions which
may or may not correspond o anatoync positons
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1 electrical possion The

heart has rotated 1na X direction on sts and longt
tudinal axes Thus swings the Left ventricle into relation with the left shouldes and
the nght ventriele through the diaphragm into relauon with the left leg Hence
Lead aVy, resembles Leads Vi and Vi and Lead aVp resembles Lead ¥, Lef
axs deviauon hese 15 a posional change and not due to left ventrscular hyper
wophy The transittonal zone lics between Leads V, and V,

Fig 8 Normal el d Heart 1n
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rotated 1n 2 clockwise duection op its anteroposterior and longitudinal axes
This swings the night ventricle 1nto relation wath the left shoulder and the left
ventrile through the left leaf of the diaphragm 1nto relanon with the left leg
Hence Lead aVy, resembles Leads V) and V, while Lead aVp resembles Leads
Vs and V4 Rught axis deviation here 15 a postuonal change and not due to right
N A . -
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Fig 10 Normal ¢! gram Heare i
has rotated so that the left ventricle 15 still 1n clo ¢ relattonship to the left shoulder
but counterclockw.se rotation of the right ventricle 15 incomplete so that the Lefe
ventricle sull has some electrical effect upon the left leg The left leg receves a
mixture of left and right ventricular potenuials with decrease mn the rcsuh;nst
left leg potenuals Hence, while Lead aVy, resembles Leads Vs and Vg the Q
complex 1in Lead aVr has 3 low voltaze




Fig 11 Normal ¢l Heart 1n 1

electrical position
The heart has rotated so that the left ventricle 1s still 1n relation to the left leg but
clockwrse rotation of the nght ventncle 1s mcomplete 50 that the left shoulder
recerves a muture of Tight and left ventricular potentials wath resultant decrease
12 left shoulder potentials Hence while Lead aVp sull sesembles Leads Vs and
Vs the QRS complex m Lead aVy, has 2 low voltage The transinonal zone hes
between Leads V3 and V, Many combations of axial rotations are possible
1 the examples given here clock rotation on an aus has been
combuined with clockwise rotauon on the longitudinal axis (a5 viewed from the
apex of the heart) and counterclockwise rotation upon the anteropostertor axis
has been combined with counterclockwase rotation upon the longinudinal axis
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Although roentgen examination usually shows that the anatonuc posi-
tion of the heart corresponds to the electrical position of the heart deter-
mined 1n this way, there may be some exceptions to this Provided these
positions be regarded as electrical, these drscrepancies need not concern
us here [he important pont 1s that attention to the electrical position of
the heart often enables us 1o detect from the electrocardiogram changes
1 1ts appearance which are referable, not to disease of the heart, but to
changes 1n 1ts electrical posinon

The Conventional Limb Leads

Emthoven, impressed with the relatively fixed postuion of the extrem-
1ies with relation to the heart, focused the attention of workers i the
field upon the use of the imb leads dersved from the three points of the
triangle formed by the night and left shoulder and the left leg Thus for
some twenty-five or thirty years electrocardiography was dominated by
Einthoven’s three extremuty leads Lead I he designated as the potential
difference between the nght and left shoulder and 1s recorded by routing
the left arm potentsals through the string galvanometer so that a positive
potential at the left shoulder 1s wntten upward, while the nght arm
potentrals are so routed that a posiive potental at the nght arm 1s written
downward Thus Lead I 1s a bipolar lead and the composite result of the
potentials at the right and left shoulder, the left shoulder contributing to
Lead I with unchanged polanity while the polarity of the nght shoulder
potentials 1s reversed 1n Lead I Simularly Lead II records the difference
1n potental betwen the night arm and left leg recorded simultaneously, the
right arm potentials entering 1n a negatnve and the left leg potentrals m a
positive way into the resultant potentials Lead III 1s the composite
effect of the potennals at the left arm and left leg, the left arm potentials
beng routed to the negative and the left leg potentials to the positive
pole of the galvanometer Most of our knowledge of cardiac arrhythmuas,
conduction disturbances and abnormalities of the auricular and ventric-
ular complexes was worked out with these bipolar Iimb leads However,
the imitation of the method with Tegard to certam cases of myocardial
infarction and bundle branch block fater redirected attention to the study
of the precordsal leads Somewhat later the desirability was appreciated
of breatling down the precordial and conventional extremuty leads mto
therr constituent parts and thus led to the development of unipolar lead
electrocardiography Although 1t 15 possible that the use of unipolar Limb
leads may eventually supplant conventional leads, there are several fac-
tors, including current usage of the latter and 1zadequate expernience with
the normal vanatons 1n the former, which compel the retention of the
conventional leads at least for the present Accordimngly a description of the
normal varations 1n the three conventional limb leads 15 warranted

When the electrocardiogram of a normal individual 1s taken 2 series of
waves 1s recorded They have been arbitranly called P, Q R, Sand T
waves (Figs 12, 13, 14, 15) These electrical complexes differ m form m
the vanious leads The P wave represents the electrical disturbances that
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take place in the auricles The first half or 50 of the P wave represents
nght auricular activation, the second half left auncular actvanon Be-
cause of the situation of the auriculoventricular node 1 the mferior por-
twon of the night atrum, the ympulse enters the auriculoventricular node
at or shortly before the peak of the P wave The P wave as well as the
other 1mportant waves are apt to be most promnent 1n Lead IT All of
the other waves are due 1o venincular activity and can be divided mto two

Fig 12 Normal mecharusm The three curves show the three conventional
leads At the begioming of each tracing the standardization 15 photographed
(1 centimeter = 1 nullivolt) P represents auncular depolanzation QRS 1s the
intial (depolarization) and T the final (repolarization) ventricnlar complex The
time 15 indicated 1 1/25 and 1/5 seconds Note that T3 may be flat normally

portions  the nutial deflections (QRS) and the terminal deflection (T)
The first downward wave, 1f followed by an upward deflection, 1s called
a Q wave The first upward wave whether preceded by 2 downward one
or not, 15 called an R wave A wave that 15 directed downward which fol-
lows an R or s not followed by an R 15 called S If there 15 a second
upward deflection after an S wave, 1t 15 called R and simularly a second
downward deflection after R would be S If there 15 only one deflection
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and 1t 15 downward 3t may be called QS There 15 some controversy about
th= proper termnology of the mital deflections but the above nomen-
clature has the sancuon of present usage After the QRS complex there
follows a brief 1soelectric ine which gradually blends mto a smooth
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Fig 13 Normal curses This panent aped 49 felt welt and showed nothung
unusuat on physical examination and yet seven days later had a typical coronary
hrombosis from which he d

rounded T wave Occastonally there may be seen a small U wave after
the T which has an obscure ongin and no practical signsficance

The P wave normally 1s upright and measures about 05 to 25 mm
1 height The P Q or P-R mtenval which measures the tume 1t takes an
mmpulse to go from auncles to ventrcles (conduction time) vanes from
012 to 020 second Beyond thus 1t 1s regarded as pathologic Most of

I e LR
E i | E
*y@ vt

Fig 14 Normaf curves Note the mverted T and the shghe tendency to left
axs shift which are wommon findings 1 normal persons, especaally after the
age of 40 and in stocky tndivzduals

thus delay takes place at the auriculoventricular node and bundle of His
The normal P R interval decreases with mcreasing heart rates and 1s
shorter 1n children than i adults JIn children under 6 years the range
1s 0 13 to 0 17 seconds and for those between 7 and 13 years it 1> 0 14 10
© 18 seconds for rates of 130 to 70 respectinely Normally Q and § “av:?
may or may not be present When the heart 15 rotated on its Jongrtudin:
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axts 1 a counterclockwise direction as viewed from the apex, a Q wave
1s present 1n Lead T and an S wave in Lead III On the other hand, when
the heart 15 rotated on 1ts I dnal aws m a clock direction as
viewed trom the apex, the S wave 1s present 11 Lead 1, the Q wave 1
Lead II1 The R wave varies 1n height from about 5 to 15 mm The T
pormally 15 upright 1n Leads T and II and may be upnght or ymverted m

i

Fig 15 Four sets of normal curves The first1s from a child 8 years of age The
anext three are from adults 23 40 and 53 years of age None had any ewidence of
heart disease Note variations 1n the form of the normal electrocardiogram

Lead III Its amplitude will range from 1 or 2 mm 0 4 or 5 mm The
duration of the QRS 15 an 1mportant part of the study of 2 tracing Nor-
mally 1t will be found to be between 0 04 and 0 08 second When 1t reaches
01 second it 1s regarded as delayed The duranon of the Q T interval
which 15 an accurate measurement of the length of ventricular electrical
systole 15 about 0 4 second but will vary with the cardiac rate

The QRS complex really measures the fme 1t takes the mmpulse
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spread throughout the two veniricles and reflects the integnity of the two
branches of the bundle of His The thuckness of yentricular musele will
affect this ume to only a slight extent The T wave or termunal pornon
of the ventnicalar complex may be regarded as due to the process opposite
to that producing the QRS The latter 1s the advance of the electrical or
physicochemical process, the former is the retreat

Normally the P, R and T waves which ate regarded as the more con-
stant deflections should be greatest in Lead 1T and the sum of the height
of the waves 1n Leads I and III should equal Lead I Because of th
great variations in the character of these comy 1 normal mdividuals,
a considerable expenience 1s required to become faruliar with the normat
and caution must be exercised before shght alteranons are regarded as
sigmuficant

Recently 1t has been suggested that during the last two months of
pregnancy electrocardiographic evidence of the fetaf heart can be ob-
taned by talung a lead from the left arm and nght leg of the mother
Very munute waves may be seen regularly interspersed among the
mother s electrocardiographic tracings Insertion of electrodes mto the
rectum or vagwna of the pregnant woman may cnable one to obtam larger
electrocardsograms of the fetal heart

THE NORMAL PRECORDJAL ELELCTROCARDIOGRAM

We have seen that 1t does not matter whether an electrode 1s applied
an 1nch higher or lower on one of the limbs since the hmbs function as
linear conductors However, in taking leads from the chest, moving the
electrode 1 inch over the precordium produces profound alterations i
the tracings This introduces some confusion 1n compating precordial
tracings obtamed 1n the same pauent at different umes The posiuon of
the heart may change wth relation to the s1x designated precordsal points
Furthermore, the precordial electrode may not be applied to exactly the
same point on the chest wall at each recording By taking the entire six
precordual leads it 15 possible, often at a glance, to eluninate changes hich
are due to either of these changes, 1 ¢ , change 1 the postion of the heart
stself, or a change in the position of the electrode Herem lies one of the
most important reasons for recording six rather than ope, two or three
precordsal Jeads

It 15 to be remembered that each precordial lead records the pimcnujal
not only of the part of the heart diately und the
but also, to varymg degrees, that of more remote parts of the heart If
the heart 15 close to the chest wall the effect of the adjacent part of the
heart upon the electrode wall be relatsely greater than the effect upon
thus electrode of more remote parts of the heart Conversely, if the heart
1s deep 10 the chest and relatvely distant from the precordium there will
be a greater relanve effect of the more remote portions of the heart upon
the electrode In the latter instance the changes from Vy to Ve will pro-
ceed more gradually because at each precordial posyuon 2 fuston of the
potential of many parts of the heart 1s produced On the other fand, when
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the heart hes closer to the chest wall abrupt changes may be detected from
one postizon 1o the next Ordinanily the spectrum of changes consists of
a progressive change from night to left ventnicular potentials, however, 1f
the heart happens to show extreme rotation Lead V1 need not show char-
actenisuc night ventricular potentials or Lead Vg need not show charac-
tersuc left ventricular potentials For example, 1f the heart rotates clock-
wise on 1ts longitudinal axts (as viewed from the apex) and the apex 1s
also displaced posteriorly Lead Ve may still show the 1S pattern charac-
tenstic of nght ventricular potentials (Fig 167) In that case 1t would be
necessary to take additonal leads to the left of Lead Vg at V7 (same
horrzontal level 1n the postertor axillary line) or at Vs (same horizontal
level over the scapula), or cephalad to these positions in the third or fourth
interspaces 1 order to record true left ventricular potentials On the
other hand, the heart may be rotated c -kwise on 1ts | dmal
axs so that Lead Vi records left rather than nght ventncular potentials
1In such a case (Fig 26) 1t has been recent pracuce to take an addihonal
fead to the night of Lead V1 at a posiion having 2 sumular relation to the
right antenor chest to that which Lead V3 has with relation to the left
antertor chest This 1s dessgnated Vg or V3

Ordinanily Lead Vi may or may not show an R wave Absence of an
R wave at thys location may therefore be a normal vanation, and may be
assumed to result from the relationship of the electrode to the nght
ventricular cavity with septal activation proceeding tangentially with rela-
tion to the electrode When an R wave 1s present 1t 15 probably due mainly
to septal activaton The S wave 15 generally quite large The T wave
at this location may be nverted, 1soelectnic or uprnight

At posinon V2 an R wave 1s usually recorded If there was an R wave
at Vy, 1t 1s shghtly taller at V2 than at Vi The greater size of the R wave
1s probably related to the closer relationship of the electrode with the
septum and the fact that 1t now faces the septum more directly SV 1s
as a rule somewhat deeper than SV1, this 1s probably due to closer prox-
ity of V2 to the heart 1n most cases If the heart were strongly rotated

lock dmal axis SV1 would be larger than SV2

on its
because V2 would be closer to the left ventricle and to the larger R type
of potentral The T wave 1 adults 15 generally upnght from V2 to Vg
In children, young women and as has been reported in Negroes, the T
wave may be mverted 1n V3, V3 or even V3 The exact frequency of this
finding 1n the normal adult population has not yet been established
The R wave 1n Lead V3 15 sull taller, by the me this point has been
reached 1t generally measures 2 mm or more Fatlure of the R wave to
wmcerease as the electrode moves toward the left 15 an abnormal finding
This may result from anteroseptal scarring from an old myocardial infarct
with resultant failure of the subjacent muscle to be activated Even more
suggestive of scarring would be a decrease n the magnitude of R once
1t has appeared at Lead Vi or V2 In other words the R wave should
normally show a progressive increase from Lead Vi to Vg If it fads to
1ncrease or, more strikingly, if 1t decreases, there may be an mfarct of the
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myocardium 1n this region This change may also occur with left ven-
tricular enlargement, particularly if associated with mcomplete left bundle
branch block The R wave fails to mcrease 1n left bundle branch block
because 1n that disturbance the septum 15 activated from ats night to s
lett side The wave which would proceed early from left to nght fails to
appear and thys fails to antagomze the downward impulse recorded at
the night precordm corresponding to acuvation of the septum from_its
nght side

Comnaident with 1ncrease 1n the height of the R wave in Lead V3 the
S wave decreases In some cases, especially when the heart 1s 1n 2 vertical
posiion, RV3 may actually be larger than SV3, but there 15 considerable
vanation from heart to heart in the pownt at which R first exceeds §

Usually at Lead V4 the R wave 1s much taller and the S wave much
smaller The R wave here 15 due to actvation of the anterior or antero-
lateral wall of the left ventnicle If the apex 1s well antenor the S wase
may now be quite small or even absent If the apex 1s displaced pos-
tertorly the R wave may be smaller and the S wave sull relatvely promu-
nent The presence of an S wave sigmfies that more of the left ventncle
(1ts posterolateral aspect normally) 1s activated after the muscle near the
electrode If no S wave 1s mscnibed one may conclude that the electrode
15 1n relation to the last part of the left ventricle to be acthvated

Because of the mtervenuon of relauvely poorly conducting lung tssue
between the lateral aspect of the heart and the precordium the magnitude
of all deflections may fall off 1n Leads V5 and Vg In fact, mmature trac-
ings mantamung the same type of relationshup between R and S are not
at all uncommon 1 I ead Vs In many cases, especially 1f the heart 15 1n
a horrzontal position, the R and T waves may be as large m Vg as m Vi
or even taller The important pont, however, 1 that whereas a decrease
1 the height of the R wave from Lead V) to Vj 15 abnormal, a falling
off of the R wave from Lead Va to Ve need not be

A Q wave 1s not normally seen 1n Leads V3 to V3 As the electrode
moves to the left and faces more and more directly into the left side of
the septum, a Q wave appears and becomes more promunent 1n refauion
to the R wave The exact pomt at which this Q wave s first encountered
1 gomg toward the left of the precordum varies, of course, with the
posttion of the septum It generally does not become well marked untd
Lead Vs or Vg has been reached, and may not be recorded at all m the
usyal s1x chest leads This Q wave 15 thm, rarely lasting longer than
002 second, and, even when most promunent 1 companison with the R
wave m the same lead, never measures more than a small fraction of that
R wave This Q wave, as we have seen, 15 2 normal finding due to septal
activation and has no pathologic sigmficance

The “Intrinsicord Deflection”
If 2 third recording electrode 1s placed about halfivay along the expert-
mental muscle strip shown 1n Figure 3 a biphasic () deflection 15 there

—
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recorded as the wave of excitation travels along the muscle strp Thus 15
due to the fact that this new pomnt functions m twe ways, first as elec-
trode B or a pomt toward which the impulse travels, then as electrode A
or a powt away from which the impulse moves Hence an mnutial upward
and a final downward deflection are mscribed The moment when the
impulse has armved at or near the muscle beneath the electrede 15 sig
nalled by the sudden change m the direction of the impulse and 1s cus-
tomanly measured at the beginning of this ntrinsic deflection  Although
for some time a simular termunology has been used with regard to ponts
over the precordim, 1t should be clear that m this case the elecirodes
and the muscle bemng activated are relatively remote from one another
The final downward deflection there has less magnttude and may a2ppear
less rapid than directly over the epicardium Furthermore, the electrode
15 not arranged paraitel to the lme of actvation of the vemncles Rather,
m a general way, the impulse, moving from endocardium to epicardium,
approaches the electrode, then emerges upon the epicardial susface of the
ventricles In terms of the bipole theory the beginming of the final rapid
downward deflection comncrdes with the moment when the largest field of
positivaty 15 oniented toward the electrode As the field of posiivity begins
to decrease the deflecuon recedes toward the rsoelectric line This does
not necessanly mean that the impulse emerges on the epicardium beneath
the electrode at that moment Actually this 15 more apt to occur some
time on the downstroke of the rapid deflecton The term *intrinsic
deflection, then, 15 a concept useful in the expenmental study of muscle
actvanon while the term  mtrinsicord deflection  has been proposed as a
more appropriate term for the clincal appraisal of electrical activation of
portions of the intact heart

Whatever 1ts mechamusm, the measurement of the time of thus deflection
over the precordium has proved of great value in the study of the normal
or hypertrophied heart or the heart with bundle branch block As a matter
of conventence this may be measured from the beginning of the QRS
complex to the apex or starting-off point of the rapid downward deflec
tion (ordinanly the begmnng of the RS wave), 1f there 1s more than one
rapid downward deflection the final one should be taken as the mtrinsicoid
deflecnon To be quite accurate thus deflection would have to be meas-
ured from the begnmng of the earliest Q wave 1 a simultancously
recorded conventional hmb lead, however, since simultaneous leads are
not taken 1n ordinary chnical electrocardiography the deflection 1s meas
ured as accurately as possible, from the begmnnng of the QRS complex
1n the same lead

Because the nght ventricle 1s normally thinner than the left, the impulse
activanng 1ts wall has a shorter distance to travel than has an impulse
actiyating the lefe ventricle Accordingly the ntrinsicord deflection, which
we have seen gives a measure of the time of actrvanon of the ventricle, 1s
mscribed earher over the nghr than over the left ventricle Ordmarily the
difference between night and left ventricular activation does not exceed
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002 to 0025 second In left ventticular hypertrophy the difference may
approach or exceed 0045 second This delay parallels the increase 1n the
voltage of the R wave over the left ventricle but 1t 1s to be noted that
ventricular thickness 1s not the only factor affecting the voltage of the R
wave The proumity of the ventricle to the chest wall and probably
certain chemrcal changes at the boundary of the heart muscle cells are
two other factors to be considered In night ventncular hypertrophy, ap-
parently depending upon its degree, the difference between the intrmsicod
deflection over the nght and left ventricles may be decreased or, perhaps
more often, the intrinsicord deflection may be mnscnibed later over the
righe than over the left ventricle In left bundle branch block the delay
m actvanon of the left yventrcle 1s extreme In complete or mcomplete
night bundle branch block the reversal 1n the normal relanonships of night
and left ventricular activation 1s invarmable

The “Transitional Zone”

The point or area over the precordium where the form of the ventricular
complex changes from that charactenstic of the night ventricular poten-
nials 1n that heart to that charactersstic of left ventricular potentials 1n
that same heart 1s referred to as the transitional zone ” In a general way
thus mndicates the position of the interventricular seprum If the heart hes
close to the chest wall the transiion may be an abrupt one, changing
from a night to a left ventricular potential from one of the usual precordsal
pornts to the next If, on the other hand, the heart lies deep mn the chest,
the change may be smoother and slower, showmng a gradual evolution
from nght to left ventricular potentials over two, three or more pre-
cordral pomts The change 15 more readily determined if the direction of
the projection of the interventricular septum upon the precordium 15 at
night angles to the hine of the usual six precordial pomnts, and less readily
determmned 1f the projection of the septum and thus Ime are parallel to
one another The change may be from the rS complex of the nght ven
tricle to the qR complex of the left ventricle Very often, however, notch-
g of the QRS complex 15 noted at the transitional area, an mutial R
wave corresponding 1n tume to the R wave of one ventncle, and a sec-
ondary R wave to that of the other ventricle (Fig 26) Ths type of notch-
mg 15 2 normal varant and s not to be confused with that due 1o com-
plete or mcomplete bundle branch block or to focal block One cannot
be sure of block of exther of these types unless the electrode Lies clearly
m relationship exther with the right or the left venmcle In deading
whether one has recorded true might and left ventricular potentials, 1t 15
essental to demonstrate that the “transitional zone has been crossed,
either with the use of the usual six precordal Jeads, or, 1f necessary,
with addiuonal leads to the right or left of these As a corollary to this
fact, the position of the ‘transioglal zone 1s of some value 1 deter-
mining rotation of the heart on 1ts“own longitudmal axis A pmnounccd
shuft of the transttional zone to the left may be an 1mportant clue to, and
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1n rare cases the sole electrocardiographic evidence of, acute cor pul-
monale When the transiional zone s 1n relationship with either the left
shoulder (2VL) or the left leg (@VF), brzarre notched low voltage com-
pleses are apt to be reflected to esther location This constitutes one of
the critersa for the designation of a semuvertical heart i the former
mstance ot of 2 semuihonzontal heart m the latter If the voltages are
small (less than 3 or 4 mm )} at ether of these ponts, analysis of the rela-
tve duration and amplitude of the dual comp of these deflec-
tons 15 likely o prove musleading mn the study of myocardial farction
Furthermore, one must distinguish between the transitional zope de-
marcating left and nght ventricular potentals from that demarcating
imnfarcted and umnfarcted muscle This problem 15 more fully considered
1n the discussion of myocardial infarction

VENTRICULAR HYPERTROPH1Y

The hesght of the complexes 1n the three conventronal leads 15 deter-
muned m part by the electrical axis of the hearr Ordmanly R waves are
highest m Lead I 2nd the sum of the R waves 1 Leads Land 11T 15
approximately equal to that m Lead II Sice the three conventronal
leads represent the sides of the Eithoven triangle the magmtude of the
QRS complex in txo of the three conventional leads represent the pro-
jection of a mean electrical axis of the heart upon these sides of the
Einthoven triangle From the magmitude of these deflections we can cal-
culate the directton and magnitude of the mean electrical axis which must
produce them We arrive then at a vector quantity which has magnitude
and direction  Although authorinies have set somewhat different imits to
the range of normality for this vector, most observers agree that the
range from 0 to 90 degrees should be constdered normal (Fig 16) All
hearts with axes to the left of 0 degrees or thereabout are considered to
show left axis devtation and all those to the nght of 90 degrees to show

< nght axis deviation (Tig 17) Generally when the highest upward deflec-
ton (R wave) occurs 1n Lead I and the lowest downward deflection
(S wave) m Lead III 1t denotes left axis devianon If the changes are
reversed and the lowest downward wave 15 1n Lead T and the highest
upward deflection 15 1 Lead III nght axis dewviation 15 indicated In a
majonty of cases leftward deviation of the axts 15 associated with left
ventricular hypertrophy and nghrward deviation of the axis with nght
ventnicular hypertrophy However as was appreciated early m the devel-
opment of electrocardiography by Emnthoven himself, the electrical axis
mught lie outside of the so-called normal range 1n the absence of organic
heart disease as a result of abnormal positions of the heart bemng pushed
to either one side of the chest or another by flud in the pleura by a ligh
diaphragm or by a malformation of the thoracic cage In rare cases left
ventricular hypertrophy has even been found at postmortem examunation
m 1ndividuals whose el showed nght axis deviation dur-
ng bife Left anis devianon moreover can often be made to disappear by
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Fig 16 Normal clectrical axis The R wave 1 Lead I measures 4 mulluneters
the S wave 1 milimeter The net deflection 1n Lead I ts plus 3 mullimeters The
\il P diculars dropped from the

R wave i Lead III 45 P
postuve side of the Lead I side of the Emthoven triangle and from the posiuve
side of the Lead II1 side of the Emnthoven tnangle meet at the up of the arow
This pomnts withun the normal range of electrical axes (zero to plus 90 degrees)
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+30

Fig 17 Rught axs deviation Note that the highest upward wave (R) of the
unual sentrrcular deflection 1s 1n Lead III and the lowest downward wave (S)
1s 1 Lead I The projection of the QRS complex 13 on the negative half of the
Tead T side of the Eithoven tnangle and on the possuve half of the Lead 11T
side Perpendiculars to these projections mtersect 1n the left fower quadrant of
the tnangle between plus 90 and plus 180 degrees This corresponds to night axis
deviation. This pauent had mutral stenosts
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having the patent take a deep breath (Fig 18) With the descent of the
diaphragm the deep S3 may dimmssh 1n size and even give way to an
upright R3 It may be concluded, then, that a statement regarding the
mean electrical aus must be considered inconclusive evidence for ven
tncular hypertrophy ‘Therefore, since the mean electrical aws 1s not
dectave 1ts calculatson 15 not recommended as a routine in clinieal electro-
cardiography

By the use of umpolar extremuty and chest leads, however, 1t 15 possible
readily to separate the effects of the position of the heart from those due
to ventricular hypertrophy In most cases the electrical positton of the
heart can easily be determined by companicun of the potentals at the left
shouider and feg with those at V1 and V2 and 1t V5 and Vg 1n the manner
previously descibed In general, hearts in a horizontal or serihorizontal
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Fig 18 Ffiect of deep breath on left awus deviauon The patient was a woman
45 years old with a normal heart Note disappearance of 83 and upnight T3 with
deep spiration

position show left axis deviation and hearts 1n a vertical or senuvertical
position show night avs deviation

Left Ventricular Hypertrophy

In classical left ventnicular hypertrophy the R waves are characteris-
tically very tall over the left ventricle (usually i Leads Vs and V), a
small, narrow Q wave 15 present 1n one or more of these leads, especially
mn one facing directly upon the left side of the septum, the RS-T seg
ment 15 depressed and the T wave inverted m all or some of the leads
m which tall R waves are inscribed (Eigs 1910 23) As pomnted out above
1t may be necessary to record additional leads to the left of Lead V6
order 1o record true left ventricular potentials Cotresponding to these
changes over the left ventricle smaller R waves, deeper § waves, reci-
pracal elevation of the RS-T segment and upnght T waves may develop
over the night yventncle (Leads V; and V3), but these changes are not
always present

If the left ventricle 1s 1n relaton to the Jeft shoulder sumlar potentials
wil be mamfested at Lead aVL and, since Lead aVL contnibutes to Lead I
n a positive way, in Lead I as well In fact ar tumes, when true Ieft ven~
tricular potentials are not transmutted to the usual precordial pomts, the
diagnosss of left ventricular hypertrophy may be made on the basis of
these changes at the left shoulder The duranon of the QRS complet,
which should be measured 1n the conventional leads, 15 apt to be mercased
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to from 009 to 0 11 second When this measures or exceeds 0 12 second
1t 15 more Iikely to be due to a delay or block mn one of the branches of

Fig 19 Left ventricular hypertrophy Heart in horizontal electrical position
Left aus deviatton T2l R waves in Leads V, and Vs depressed RS T segments
and inverted T waves i Leads V5 and Vg indicate left ventnicular hypertrophy
Stnee Lead aVy, resembles Leads Vs and Vg while Lead aVy resembles Leads
V) and V; the heart 1s 1 the horizontal electrical position

Fig 20 Left lar hy Heart m electrical pos
tion The deep S waves 1n Leads V, and V3 rall R waves in Leads V ¢ and
depressed RS T segments and inverted T waves m Leads Vs and Vg establish
the diagnosis of left hy hy The d defl m Lead
Vi 13 measured at 004 second The ventncular complex 1n Lead aVy, resembles
those 1n Leads Vs 2nd Vg while QRS v 18 of low voltage ndicating a semu
horizontal electrical position of the heart

the bundle of His Corresponding to the shight prolongation of the QRS
complet there 15 a greater than narmal delay in the timing of the 1ntrn
sicord deflection over the left ventricle, the Jatter being inscnibed 004 to
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Fig 21 Left ventnicular hypertrophy Heart 1in intermediate electrical position
Supenmposed T wave changes The patient was a 63 year old woman with long
standing hypertension who was admutted because of recent angina pectorts
The tall R waves and inverted T waves over the left ventricle indicate left ven
tricular hypertrophy The QRS complexes in Leads aVy, and aVy resemble
those 1n Leads Vs and Vg The heart 1s therefore in the intermediate electrical
posison  With left ventricular hypertrophy one would expect upright T waves
in Leads V,_; reciprocal to the mverted T waves 1n Leads V,;_ The fact that
TV, 3 15 1nverred instead d anterior dial 1schenua or
Subsequent electrocardiographic observation (see Fig 158) showed wawing of
these T wave changes confirmung this impression
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Fig 22 Left ventricular hypertrophy Heart 1n semuvertical electrical posiiion
The electrical axis 1s normat Tall R waves, depressed RS T segments and
wverted T waves in Leads V,_g indicate left ventncular hypertrophy Note

1 of RS T mn Leads V;_3 a common dccompanying
finding not d of anterior 1 Lead aVg
Leads V,_ while Lead aVy shows a low voltage QRS complex Thus places the
heart m a semuvertical electrical posiion Unless the precordual leads were ex
aruned one could readily mustake this for right ventricular hypertrophy
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005 second Jater over the left than over the night ventricle The mncreased
height and delayed peak of the R wave are duc to the greater tinckness
of the left ventncle the impulse reaching the surface of the left ventricle
after a greater than normal delay It must be remembered, however, as
mentioned above, that the voltage of the R wave 1s a function of other
factors than ventricular thickness ‘The proxumity of the heart to the pre-
cordial electrode, certam chemucal changes such as the serum potassem
level, and perhaps the state of cardiac compensation also have therr effect
upon R wave voltage

Recent experience has shown that the diagnosis of left ventricular

Fig 23 Left ventricular hypertrophy Heart m vertical electrical position
Normal electrical axs The totality of changes in Leads V,_s namely tall R waves
i Leads Vg and Vs depressed RS T segments and inverted T waves 1n Leads
Vs and Vg mndicate left ventricular hypertrophy Note that deep S waves elevated
RS T segments and upnght T waves m Leads V;_; murror the changes m the
left ventricle In doubtful cases many authorsties take these changes mnto con
siderauon 1n making the diagnosis of left ventricular hypertrophy It should be
remembered that depth of S waves or height of R waves may be functions of the
proxuruty of the heart to the precordium as well as of ventricular thickness
The wdentity of Lead aVy with Lead Vg and the resemblance of Lead aVy with
Lead V; would place this heart 1n a verucal electrical position If the precordial
leads were neglected one mught erroneously consider this right ventricular
‘hypertrophy

hypertrophy made upon the basis of the above enumerated criteria was
mvarably confirmed at postmortem examunation, but the additional pres

ence of nght ventricular hypertrophy or old myocardral infarction was
usually mussed electrocardiographically When the autopsy matersal was
considered from the opposite point of view, exarmmng the electrocardio-
graphic findings of all individuals showng left ventricular hypertrophy at
autopsy, 1t was found that two thurds of them showed charactenstic elec-
trocardiographic changes of the type described above Abnormal non-
speaific changes wese ded m the el d of the g
one third but 2 few showed bundle branch block and 1n rare instances
normal electrocardiograms were recorded In an attempt to make a correct
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anatormc diagnosis 1n some of the cases that would otherwise be mussed
the inclmation m many quarters has been to broaden the cnitenta upon
which the diagnosis may be hazarded Thus some authorines feel that
1f the QRS complex measures 0 09 second 1n duration, if the R waves are
exceptronally tall and wide 1n some of the conventional leads or 1n Leads
V4 through Vs, 1f the S waves are exceptionally wide and deep over the
right ventricle or 1n all of the conventional leads, even 1f accompanying
RS-T segment and T wave changes are absent, or 1f certamn prescribed
combimations of these find: are present, the diagnosis of left ven-
tricular hypertrophy may be ventured However, experience has shown
that while the number of posinve diagnoses 1s thus ncreased, the number
of false positives 1s also increased A statement that these secondary cnteria
are suggestive of or consistent with left ventricular hypertrophy would
perhaps be the wiser policy

The Ventricular Gradient, Primary and Secondary T Wave
Changes

At this pomt a theoreucal digression into the concept of the yentricular
gradient will be most helpful If an 1deal cell or muscle strip of the type
described 1 Fagure 3, p umform physiologic properties, 1s sm-
ulated, a wave of depolarization sweeps over this cell or muscle strip from
the pomnt of sumulation If an electrode toward which this impulse moves
1s connected to the positive pole of a galvanometer and through the gal
vanometer to another electrode of negligible potential, the movement of
the 1mpulse toward the electrode will be recorded at the galvanometer as
an upward deflection This deflection has Jarge magmtude and short dura
tion The 1dentiry of this deflection wath the QRS complex of the elec-
trocard will be app Now after a pause the Jocal changes 1n
permeability at the surface of the cell or fiber tend to disappear, the
original dielectric effect at the surface 15 then restored m the same order
m which 1t disappeared This change occurs much more slowly and the
magmtude of the changes reappearing at the cell from moment to moment
1s much smaller than during the ongmal process of depolarization The
restoration process 1s referred to as repolanzaton Smce the electrical
changes at the cell surface are now oppostte m direction to those which
developed during electrical activation of the cell or fiber, the deflection
recorded at the galvanometer durng this restitution process will hate an
opposite direction to those mutially mscnbed The repolarization process
1deally then 15 one of lesser magmtude, greater duration and opposiie Sign
to the depolarization process Its resemblance to an mverted T wave of
the electrocardiogram will be obvious Smce the cell 15 assumed to be of
uniform physiologic properties the area enclosed above this wave must
equal that enclosed under the R wave If the area above this T wave
does not exactly equal that under the R wave or, in other words, 1f the
sum total of the arca under the QRS complex and that above the T wave
(due regard bemg had for the signs of these deflections) does not equal
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ze10, then the cell or fiber 1s not of vnform phystologic properties Thus
1 a nutshell 15 the concept of the ventricular gradient The existence of
a gradient, or difference, mdicates local differences i the properties of
the cell or fiber These differences can be the result of differences in the
process of depolarization or of repolarization The latter 15, however,
much more easily affected by such physical or chemacal changes as local
cooling, local anowa and local mtoxication than 1s the former Only a
much more severe grade of 1njury 1s capable of altering the depolarization
process This corresponds to the cluucal fact that the T wave 1s much
more labile and easily altered than 1» the QRS complex The change m
the repolarization process 15 mamifested by a greater slowimng or delay i
the time of recovery m one part of the cell or fiber than in another Worded
differently, there s a local increase 1n the duranen of electrical systole In
the 1deal cell or fiber described above, the T wave has an opposite direc
tion to the QRS complex Physiologists have long been puzzled by the
fact that 1n the human heart the T wave normally has the same direction
as the T wave 1n Leads I, II and over the left ventricle This must be
explaned by assuming that in man the physwologic properties of the
normal ventricle are not umiform and that there are local differences 1n
the duratton of electrical systole In other words, there 15 normally a
gradient 1n the human heart

It will be obvious on the basis of the ventricular gradient concept that
T waves may be considered n relation to the QRS compleges preceding
them If the gradient 1s zero, the area of the T wave may be explamned
as a necessary consequence of the area of the QRS complex and the
process of repolanzation 15 entwrely accounted for by the process of de
polarzzation In this case the T wave may be constdered secondary to
the QRS complex Thus if the ventricle 1s merely activated 1n a dufferent
direction without ck 1ts physiologc ch I1Sucs as i ventricular
premature beats or 1n etperumental bundle branch block, secondary T
wave changes develop, the gradient 15 the same 1n the regular as in the
premature or in the aberrant beats If, on the other hand, the arez of the
T wave cannot be explamned as a nevessary consequence of the area of
the QRS complex a gradient ewsts and the T wave shows prumary
changes Primary T wave changes may be seen in myocardial ischema, as
the result of local chilling of the heart by drinking 1ce water, 1n inflam
matory diseases of the myocardium 1 trichinoss and 1n such touic con-
ditions as diphtheria or emetine possonung It 1s the purpose of the deter~
mmaton of the ventricular gradient to separate these primary T wave
changes from the less significant secondary T wave changes

No attempt will be made here to describe i detail the method of meas-
uring the ventricular gradient Suffice 1t to say 1t conssts of measuring the
dfference of the area of the QRS complex and of the T wave as projected
m the frontal plare of the body by appropnate measurements m two of
the three conventtonal leads, preferably recorded simultaneously Untl
such time as an accurate practical cliucal method of determuning the
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ventricular gradsent 15 available st may be adequate 1n most cases to judge
by nspection and from expenence whether the RS-T and T wave changes
may or may not be a d for as ¢ es secondary to the
QRS changes

“Left Ventricular Stramn™

We have been impressed with the vanability of the electrocardiographic
appearance m hospitalized patients with left ventnicular hypertrophy On
one day the R waves mught be tall and the corresponding T waves rather
small, on another day there mught be charactersuc RS-T and T wave
changes 1n addinion to tall R waves, on another normal stzed R waves
with mverted T waves and, on stll another, normal compleses Of course
this does not 1mply that apatomuc hvpertrophy was present at one tme
and not at another For a variety of reasons, among them this observation
that other factors than hypertrophy may affect the resultant electrocar-
diogram, the designation of “left ventnicular stram’ has ccrre imto ratber
widespread use, but the exact meanmg of the term has varied from one
authority to another Some consider  strain” to represent the respon ¢ of
a ventricle to a stress chemical, mrechanical and
sometimes posiuonal However, thete are certamn unwarranted imphca-
tions 10 the use of such a term It might be considered that the hearts of
patents with the so-called “left ventnicular stramn partern’ are near the
breaking pomt, yet experience has shown that this ‘ stran pattern ’ may
persist for twenty or thirty years or even longer Furthermore, as a matter
of experence, the progress of electrecardiography has been impeded m
the past because mechanical :mplications have been drawn from electrcal
changes, witness the confusion over a numter of years of the T wave
with mechanical diastole It must be conceded that this same ccism
can with equal justsfication be made agamst the term  left ventricular
hypertrophy It has even been suggested that left ventmcular hyper-
trophy and left ventricular stram are two different concepts and that, *
whereas hypertrophy produces only hugh voltage QRS complexes, sram
produces only changes mn the RS-T segment and the T waves The
validity of this distinction 15 open 1o question, but 3t 15 posstble that
this concept may offer a logical approach to the problem of hypertrophy
versus stran It 15 possible that the determunanon of the ventricular
gradient 1n these cases mught clanfy the findings Thus, 1f there 15 no
gradient the T wave changes must be secondary and it would not be
necessary to assume addstional myocardal changes 1If, on the other hand,
there 15 a gradient, the 7T wave changes must be ptimary and 1t would
be necessary to assume the operanon of addinonal factors such as myo-
cardral 1schermia One mught then concerve of left ventricular hypertrophy
with secondary T wave changes and left ventrcular hypertrophy with
primary T wave changes In the present state of our knowledge, however,
1t 1s q ble that the d of ‘ventricular stram’ bas ad
vanced us any further toward the truth than a simple statement that the
T waves ate inverted over one ventricle ot another

!
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Right Ventricular Hypertrophy

In nght ventricular hypertrophy (Figs 24 to 26) leads obtamed over the
nght ventricle (ordmanly Vi or Vi and Va, sometmes V3Rr) show an
unusually tall R wave which exceeds the S wave 1n one or more of these
same leads There may or may not be depressed RS-T scgments or in-
verted T waves m these leads The duration of the QRS complex n the
conventional leads 1s usually normal but may be prolonged to 0 10 second
There 15 apt to be nght azis deviation associated with a vertical position
of the heart but this 1s not mvarable The intrinsicord deflection 1s gen~
erally delayed over the nght ventricle, much more often than not the
murmsicord deflection 15 actually mmscnibed later over the right than over
the left ventncle As the electrode moves fusther to the left over the pre-

Fig 2% Right ventnicular hypertrophy Rught axis deviavon Lead V, shows
a munute Q wave a tall R wave a small S wave a rmmmally depressed RS T
segment and an mnverted T wave In Lead V; there 1s recorded 2 large S wave
exceeding the R wave in magmmude In Lead Vs the R and § waves are about
equal As the electrode now moves toward Lead V; the R wave increases and the
§ wave decreases It 1s obvious that Lead V) 1s to the mght of the transitional
zope Using the criter1a enumerated in the text the positton of the heart 1s gen
erally 1 nght v The patent was a 20 year
old girl 1n whom a murmur was heard during infancy At 10 she had an attack of
scarlet fever Exammation during a heart survey when these tracings were taken
showed a systolic thnll to the left of the sternum 3 harsh grade 111 systolic mur
mur 1 the first and second left interspaces and a grade I high mtched systolic
murmur at the cardiac apex

cordium the R wave may remam of approximately uniform herght or may
decrease In makmg the decision whether nght ventricular hypertrophy
1S present 1t 1s important to be certam that the electrode 15 to the nght
of the transitional zone If, as rately happens, there 15 strong counter-
clockwise rofation of the heart on 1ts longitudinal axis (as viewed from
the apex) left ventmicular potentials may be recorded at posiuons Vi and
V2 In such cases R waves which are taller than those usually recorded
at these pownts may be recorded at V1 and V2 A smooth unbroken pro

gression 1n the heght of the R wave from Vy to V4 can be detected and
at the extreme nght positon the R wave sull exceeds the S wave m mag-
mitude In such cases 1t 15 important to take additional leads 1o the nght
of V1 1o record true right ventmeutar porentials The change in position
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from the left ventricle to a hypertrophied right ventricle may be signaled
mn an electrode moving from the left to the nght precordium by an increase

o e Ao, K Erep -

Fig 25 Rught ventricular hypertrophy Mitral stenosis Right aus deviation
The upper set shows the three standard leads with nght axus deviauon The
middle set shows the three (unaugmented) umpotar hmb leads The lowest set
shows the six uripolar chest leads The heart 1s 1n 2 semvertical position because
Lead Vg resembles Leads V; and Vg and the QRS complex of Lead Vy, s small
The R waves are tall and the T waves inverted 1n Leads V and V; and decreased
from Lead V; to Vs The intrninsicoid deflection 15 later over the right than over
the left ventnicle The pauent was a thin woman 36 years of age with definute
sigas of mitral stenosis

L i i S2E
Fig 26 Rught ventricular hypertrophy Right ventricular potentials not recorded
d f

m usual six dial leads The of nght hy 15
ot justified on the basis of changes in Leads V) but the RR complex in Lead,
Vy suggests that the latter 15 1 relaton to the transiional zone and that nght
ventricular potentials have not yet been recorded This prompted the recording
of an additional lead further to the nght at the mudclavicular line (Lead Vir
or V3 ) this lead shows a tall R wave and an inconspicuous S wave This 15 decisive
evidence for right ventricular hypertsophy

11 the hesght of the R wave after 1t has decreased or by a changung rela-
nonship between the R and S complexes m the leads concerned as the
electrode moves toward the might the rano of the R to the $ wave first
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decreases, after 1t crosses the septum onte a hypertroptued night ventricle
the R wave agamn becomes taller than the S wave (Fig 26) A consider-
able number of patients with right ventricular hypertrophy show a small
mitial downward deflecion which we arbitrarly call 2 Q wave This
change, m association with an R wave which decreases as the electrode
moves from the nght to the left precordmum, could easity ruslead the
electrocardiographer into making the diagnosis of anteror myocardral
mfarct (Fig 27) If this lead showing the mmtial downward deflection 15
recorded stmultaneously with other leads it can be shown that this de-
flection does not correspond to the very beginming of ventricular activa

nion It probably 1s actually an § wave preceded by an 1soelectric R wave
which 15 not recorded 1 that particular lead The force responsible for
this Q wave 15 probably developed n the apical pole of the nght ven-
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Fig 27 Right hypertrophy old myocardial
nfarction ( chrom¢ cor pulmonate ) The patient was a 33 year old man with
Ufelong bronchial asthma who developed mght stded congestve heart faillure
The tracings show low voltage 1n the conventional leads and a broad Q wave and
relatively promunent R wave in Lead V, First degree heart block 15 present
The R wave 15 absent 1n Lead V; and embryonic 1 Lead V3 The Qy, and
Qu, mught muslead the electrocardiographer 1nto the diagnosis of anteroseptal
mfarction but 1a rght ventricular hypertrophy a Q wave may be present over
the right ventricle and the R wave may decrease as the transitional zone 1s ap

proached Postmortem examnauon showed a thick right ventricle (07 cm)
pulmonary h but no dial nfe

tricle whose endocardtal aspect 15 faced by the electrode It 15 unportant,
then, to avord the dragnosss of anterior myocardial infarction m associa-
tion with night ventricular hypertrophy on the basis of an 1mual down
ward deflection
In our experience the diagnosis of night ventricular hypertrophy made
on the above criteria has been mvanably substantiated at autopsy In
fact, nght ventricular hypertrophy 1s generally apt to be detected by
] d hy before gen ray evidence for nght ventricular hy-
pertrophy 15 present There are a few cases of nght ventricular hyper
traphy, as venified at postmortem examsnation, 1 which the above de-
scribed electrocardiographic findings were not present during hfe Some
of these show nght bundie branch block It has been suggested that ;n
nght bundle branch block, the presence of a very tall R over the night
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ventricle mght be a clue to the addinonal presence of right ventricular
hypertrophy However, tracings of thus sort have been induced by cath-
eterszation of the right ventricle 1n a subject with 2 normal heart, and 1n
another patient with the same type of electrocardiogram the right ven
tnicle was of normal thickness at autopsy This finding of a prominent
R’ 1n nght bundle branch block, then, 1s not conclusive evidence for
nght ventricular hypertrophy Finally, the empirical observation should
be mentioned that persistent incomplete nght bundle branch block may
be considered presumptive evidence of mght ventncular hypertrophy
The sigmificance of this observation has not yet been clanfied

Combined Ventricular Hypertrophy

In most cases of combmed ventricular hypertrophy the electrocardio-
gram shows only the features charactenstic of left ventricular hypertrophy
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Fig 28 Combined ventricular hypertrophy The patient was a 50 year old
woman with rheumatic heart disease mutral stenosis aoruc insufficiency aunc
ular fibrallatton and congestve heart falure Lead V) showed 2 Qv followed by
an R wave which was larger than the Q wave An S wave appeared m Lead V
and as the electrode was moved to Lead V; 1increased progressively 1n refaton
to the R wave In Lead V, a tall R wave and an mverted T wave mndicate [eft
ventricular hypertrophy The transtuonal zone was located between Leads Vs
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and Vs On this basis the of v lar hypertrophy was
made on repeated occasions At postmortem there was hy, h;
of both ventricles especually the left Combined ventricular hypertrophy gener
ally cannot be d. h the tracings usually showing

left ventricular hypertrophy alone In this case Lead V, may actually have re
corded left ventricular potentials

In rare mstances, however, 1t 15 possible to detect electrocardiographic
evidence of enlargement of both the right and left ventricles in the same
pauent (Fig 28) In these cases the tall R wave decreases as the transi-
tional zone 15 approached, then reappears or increases after the transitonal
zone has been crossed In many such cases it may be extremely difficult
to decide whether one 1s tapping the potentials of only one ventricle or
both The remaimng cases of proven combined ventricular hypertrophy
are apt to show nonspecific abnormal electrocardiograms, nght bundle
branch block or evid of such phcatng diseases as myocardial
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1nfarction It seems, then, that combmed ventricular hypertrophy 1s rarely

d ble 1n the electrocard but that the accuracy of this diagnosis
1s improved 1f one records with certanty both right and left ventnicular
potentrals

The Clinscal Implications of the Electrocardiogram in Ventricular

Hypertrophy

At burth the right ventricle 1s Jarger than the left and only after several
months 1s the reversed relationship established On the other hand, during
the normal aging process the left ventricle often becomes slightly enlarged
even when from a practcal pomt of view, 1t 1s to be regarded as normal
In old age, furthermore as a result of the increased tortuosity of the
a0rta, the base of the heart 1s apt to be pushed down and the apex up so
that the heart comes ta Lie i a more honizontal position A heart must
not be dragnosed as abnormal simply on the basis of axis deviation 1o the
night or left There are occastons, however, when the electrocardiographuc
finding of enlargement of one ventricle or the other aids considerably n
the differential diagnosis I recall seemng a war veteran who was supposed
to have aortic valvular disease because there were a systohc and diastolic
murmur and a systolic thrill at the base of the heart The electrocardio
gram showed right ventricular hyperttophy This led to an enurely dif-
ferent 1ntey because if hyp phy develops m zortic valvalar
disease, 1t 15 expected to mvolve the left rather than the night ventricle
More careful examnation, including x ray of the heart showed that the
condition was some form of congemtal heart disease which 1s often asso-
cated with night ventnicwlar hypertrophy Simularly, an elderly woman
had congestive heart farlure, hypertension and auncular fibnllation The
dragnosis was nonvalyular heart disease because there was no drastolic
murmur to be heard The electrocardiograms showed well-marked nght
ventricular hypertrophy Thus threw some doubt on the diagnosss because
left ventnicular hypertrophy should have been found with a senile heart
and hypertension Mutral stenosts was suspected despite the absence of a
diastohic murmur for this could account for the night ventnicular enlarge-
ment An ¥ ray showed 2 prominent Jeft auncle and later, on postmortem
exammnanon 2 fish mouth mutral stenosis was found

Aws devation of veninoolar Typertrophy does not 2ways develop ac
cording to expectanons Disease of the aortic valve and hypertension
should produce their effects on the left ventnicle by mereasing 1ts work
Likewse mtral stenosts, congemutal disease of the pulmonary valve or
pure emphysema should increase the burden on the nght ventncle by
increasing the pressure m the pulmonary system Although these pre
dicted results generally occur, there are some exceptions that are difficult
to explan Until the role of the position of the heart producinig avis
devtation was clearly appreciated aws devsation and ventncular hyper-
trophy were often confused This probably explans many of the discrep-
ancies of the past Even when this possible source of error 15 elimnated
there are still some cases n which the mereased load 15 borne by the left
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ventricle and 1n which prolonged passive congestion i the lungs with

d pul Y P results 1 hypertrophy of the nght ven
trucle The whole heart in this way may be mnvolved in the burden that
one mught have thought would be lumited to one chamber Such data can,
at tmes, be useful m directing attention to conditions that might other-
wise be averlooked It 1s parncularly helpful in apprasing valvular condi-
tions, especially when more than one valve 15 mvolved Let us assume
that a patient has an obvious aortic valvular lesion and shows combired
ventricular hypertrophy by el drograpt This would
lead one to suspect the additionat diagnosis of mutral stenous Ewidence
of night ventricular hypertrophy mn the precordal leads 1s much more
Iihely to develop 1 congenttal heart disease than m mutral stenosss Its
frequent ab ence m mutral stenosis may be due to the relonvely shght
degree of right ventnicular hypertrophy or to overbalance by simultaneous
left ventncular hypertrophv

BUNDLE BRANCH BLOCK

An impulse may start 1 the normal sino aurtcular node, trave] across
the auricles, continue down the aunculoventneular node and bundie of
His and yet be blocked 1n the right or left mamn branch of the bundle If
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Tig 29 Left bundle branch block The upper set shows the three standard

feads Note that the QRS complex measures 015 second and there 15 0o 5
The Jower set shows the six precordaal (bipolar) feads from the chest alr‘xd left
leg C¥,y 10 CFy MNote that the shatp d 3 stroke or d
(see arrow) comes early over the nght venincle (CF; CE, and (Fy) and verv
late over the left ventnele (CFy CFy and CFy) The lotier QRS complexes ofien
show coarse sphttng of the waves as 1 CF, These curves denote delay or block
1n the left ventsicde The patient was a man 53 years of age who had had a coronary
thrombosis two years before

the block pecurs 1n the left branch, the mmpulse descends the nght branch

normally and reaches the Jeft ventnicle 1n roundabout fashion, probably
through the wnterventncular seprum Generally conduction across the
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septum consumes about 0 04 second The reverse process occurs 1if the night
branch 1s blocked The ventricles continue to contract regularly so that
there 1s no arrhythmia 1n the ordmary sense There 15 a shght delay, hovw-
ever, 1n the actuvanon of one ventricle with respect to the other Thus in
nght bundle block the left ventricle 1s acuvated shghtly before the nght,
a reversal of the normal relationship In left bundle branch block, on the
other hand, the delay 1n the electrical activation of the left ventricle ts even
fonger than that occurrng 1n the normally actrvated heart The ventricular
complexes will necessanly be abnormal because of the crcuitous route
taken by impulse In fact, they will resemble a sertes of ventricular prema-
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F1g 30 Left bundle branch block with auricular fiballaton Note the prom
nent broad and coarsely nowched QRS compleves with oppositely diected T
waves These changes are presumptve evidence of left bundle branch block but
require confirmation by the detection of late intrinsicord deflections over the
left ventnicle In this case the rhythm 1s irregular because of coexisting aunicular
Sorleoon The pauent had hypertenyive heant dusease 2nd darome nephrms.

ture beats anising from the unblocked ventricle, or the curves seen 1 ven-~
tncular tachycardia The QRS complex 15 charactenstically broadened,
coarsely notched, frequently o derabl phtude and the RS-T
segment 15 apt to be depressed and the T wave to conunue 1n the opposite
direction to the mamn 1nitial deflecuion In pure expenmental bundle branch
block and 1n many chnucal instances of bundle branch block measurement
of the ventricular gradient shows that these RS-T and T wave changes are
secondary’ and thus represent changes in the repolarization process con
tegent upon changes i the depolarization process and are not to be con-
strued as evidence of an altered physiologic state of the myocardium This
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pomt 15 more fully discussed above n the section on ventricular hyper-
trophy

When the broadest QRS deflection 1s upward mn Lead I and downward
m Lead IIT the curves represent classical left bundle branch block (Figs 29,
30 and 31), and when 1t 1s downward m Lead I and upward m Lead III
1t1s classical right bundle branch block (Figs 32 and 33) Lead I1s generally
more helpful than the other two standard leads in determinng whether the
block 1s 1n the right or left branch If there 1s 2 promunent S wave 1n Lead

Fag 31 Partial (2 1) left bundle branch block Note that every other ventricular
complex has the form symlar to Figure 30 The other beats are normal This
indscates thaif everyffsecond beat}tals to be conducted down the left branch of
the bundle ot His This pauent_has hypertensive heart dsease Since wmn con
tradistinction to the situation lar block the tissue
distal to the block 15 usually sumulated by way of the septum with each impulse
this 1s a very rare phenomenon

1, the block 1s probably on the nght side, if there 15 a promument R wave
and no 8 wave i Lead I, 1t 1s probably on the left However, 1n rare in-
stances these relationships wall be disturbed because of a peculianty 1 the
electrical position of the heart Thus cause of error can be circumvented by
examnaion of the chest leads If the QRS complex, measured 1n the con

ventronal leads, lasts 0 12 second or longer, and late mtrinsscord deflections
arenscribed over the left ventricle, then left bundle branch blockas present

When we say “late intninsicord deflections” we mean that this deflection
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Fig 32 Rught bundle branch block The upper set shows three standard leads
Note that S, 1s broad and QRS = 013 second The Jower set shows the sx
bipolar precordial leads from the chest and left leg CFy_¢ Note that the last
sharp downward stroke of the R wave or mtnnsicord deflection (see arrow)
comes late in the QRS cycle in CF, and CF; (over the night ventricle) and comes
early 1n CF5 and CF,4 (over the lefr ventricle) Thus denotes that the block or
delay 1s 10 the night ventricle The patient was a woman 48 years of age with
theumartic aortic stenos:s

§

Fig 33 Right bundle branch block with auncular fibrillation Note that the
general of the ol (QRS T) are the same as those
n Figures 29 30 and 31 but that the main deflections are opposite gomng down
ward 1n Lead I and upward i Lead III These cutves are presumptive evidence
of block 1n the right branch of the bundle of His but should be substantiated by
precordial leads showmg late mntrinsicord deflections over the mght ventricle
In this case the rhythm 1s irregular due to coexisting aurcnlar fibnllanon (f £ f)
At the ume these tracings were recorded the patient was 72 years of age had
had such curves for at least erght years and showed evidence of well-compensated

aortic and mutral stenosis and bypertension He had formerly had frequent attacks
of Adams Stokes syncope
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15 the last part of the QRS complex to be written In such cases the QRS
complex over the left ventricle tends to have a fiat or turret top If these
crtera are used, many nstances of intraventricular block which do not
have the classical appearance 1n the conventional leads will be classified
as bundle branch block, and what looks Iike left bundle branch block 1
the conventional leads mght, on analysis with precordsal Jeads, acrually be
rey ealed as right bundle branch block Thus in Figure 34 the QRS complex
has a duration of G 14 second, the QRS complex 1s upright in Lead I and
there 1s no S wave 1n Lead 1, yet the precordsal leads clearly show the late
intnnsicowd deflection 1n Leads Vy and Vs, establishing the sue of block
in the nght bundle

Unless the situation 15 compheated by comadent septal mfarction a2 Q
wave does not appear over the blocked ventricle Consideration of the
mode of activation of the septum m bundle branch block will make 1t clear
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g 3% Rught bundle branch block resembling left bundle branch block m the
standard leads The duration of the QRS complex 15 0 I4 second Note that
there 15 a small Q wave a prominent R wave and no S wave m Lead 1 T 1s not
inverted so that the curve would not have been considered 2 classical example
of left bundle branch block The precordal leads showmng late wntnnsicod
deflections m Leads V; and V, with R and R deflections show that the bundle
branch block s on the nght rather than, as ongumally suspected, on the left side

why ths 15 true In left bundie branch block the impulse which should
travel down the left bundle branch 15 blocked, therefore the left side of
the septum does not get 1ts usual head start 1n bemng actvated Instead,
the nght side of the septum 15 first actvated and the impulse travels from
the nght 1o the left side of the septum Since the smpulse moves toward
rather than away from the left ventnicular cavity, the cavity potential must
consist of an initial upward rather than downward deflection Accordugly
those parts of the body which face the left side of the septum no Jonger
record an nitial downward deflection or Q wave This change 15 lfustrated
m Iigure 35, obtaned from a pavent with acute postenor myocardsal
farcuon A well marked Q wave was recorded over the left ventrcle whes
normal mtraventricular conduction was present However, when the
process invohved the left bundle branch, prolonging the QRS complex to
015 second, the Q wave disappeared at those locations where 1t bad pre-
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Fig 35 Disappearance of Q wave with development of left bundle branch
block The mutial set of tracings taken early in the course of an acute cluucal
episode of chest pan shows the characterisue changes of acute posterior possibly

dial mfarct Inn block (QRS = D 11 second) 15
present Note the presence of Q waves 1indicated by arrows over the left ven
tricle and 1n Lead Ve The second set of tracings recorded eighteen days later
shows the development of left bundle branch block The QRS complex now
measures 015 second Norte the late intrinsicord deflections 1n Leads Vg and
Vs Note morse particularly the loss of the Q waves 1 Leads Vy and Vi and also
1 Lead aVp Septal activation now proceeds from the nght to the left side of the
septum accordingly the left ventnicular casity potential now starts with an upward
deflection The decisive evidence of posterior mfasction present n the original

tracings 1s therefore lacking 1n the second set Autopsy showed an acute postero-
lateral wfarct
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viously been present Actually about 5 per cent of cases of left bundle
branch do <how Q waves over the left ventnicle In these cases 1t 15 neces-
sary to assume infarctron of the interventricular septum The mfarct, bemng
electrically mnactive, permuts the potential of the unblocked cavity (in this
case of the nght ventricle), which 1s 1mmnally negatrve, to be gransmutted
across to the blocked ventricle, so that a Q wave may be recorded over the
blocked ventricle For simular reasons a Q wave should not be recorded
over the nght ventricle 1o right bundle branch block unless septal infarction
15 present

At umes marked left ventricular hypertrophy may produce waves that
resemble those of left bundle branch block, but the former will rarely dis
play a QRS interval as long as 0 12 second, will not show such a tardiness
of the intrnsicosd deflection 1n Leads Vs and Vs, and may show Q waves
1n these posittons In considering the ime of occurrence of the intrinsicord
deflection, due regard must be had for the thickness of the ventricles There
1s some delay because of the hypertrophy itself, but never so much as results
from bundle branch block Although a certain mumber of patients with
venmmicular hypertrophy sooner or later develop bundle branch block,
practical and theoreucal considerations compel us 1o regard this as a new,
emergent and independent development which 1s not an integral feature
m the course of ventricular hypertrophy Ventricular hypertrophy and
bundle branch block, then, are two unitary concepts Comadent ventricular
hypertrophy and bundle branch block are considered below

Generally the corroborative evidence for bundle branch block willt be
found with the usual six precordal leads, but 1t 1s necessary to be certan
that one has recorded true left or night ventrcular potenuals, preferably
at a pomnt where the final moment of activation of the blocked ventricle 15
recorded, that 1s, at a point where an S wave 1s not mscribed In order to
accomphsh this 1t 1s occasionally necessary to record additional leads to
the right or left of the usual srx precordsal points Another note of caution
with regard to the diagnosis of bundle branch block 15 appropriate Even
1f all the critena given above are fulfilled 1t 15 still imposstble to be certain
of the ewstence of bundle branch block unless these ventricular complexes
are attually conducted from the auricles With complete aunculoventricular
block an 1dioventricular rhythm arising in the opposite bundle branch may
produce ventricufar complexes identical with those produced m bloch of
the bundle branch on one side In such cases 1t 1s generally wiser to make
the noncommuttal diagnosis of complete heart block with abnormal ven-
tricular complexes Unless symslar ventricular complexes have been demon-

strated p ly, or are d rated subsequently when all or some of
these same ventricular beats have clearly been conducted from the auncles,
adefiruve d of ¢ complete heart blockand bundlebranch

block 1s ntot warranted Sce 1t 1s generally cansidered that the arregular
ventricular beats are actually transmutted from auricles to ventricles 1
aurcular fibridlation, 1t seems justifiable to diagnase coexistent auricular
fibrlfation and bundie branch block (Figs 30 and 33) In oceasional cases
of this sort, if the ventricular rate 1s rapsd 1t may be difficult or mpossible
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1o differentiate between ventricular tachycardia on the one hand and bundle
pranch block associated with auricular fibrilation or flutter on the other
(Fig 99)

We have seen that 1n the normally activated heart septal depolarization
proceeds mitially from 1ts left to its night side The impulse produces an
upward deflection over the nght ventricle Subsequent actnvation of the
septum from the right to the left side would produce a downward deflection
over the night ventnicle but this 1 d by and d
activation from the left to the night side of the septum  In Ieft bundle branch
block where this antagomzing force from the left to the right 1s lost, the
activation from the night to the left 1s unopposed This ehminates the tend-
ency of the R wave to increase as the electrode moves over the right ven-
tr1 le from position V) to the transitional zone As a pure consequence of
this abnormal direction of septal activanon 1 left bundle branch block,
the R waves are small of absent over the night ventricle Thus in left bundle
branch block the inference of anteroseptal myocardial infarction cannot
be made from the presence of small R waves or from the presence of Q
waves over the night ventricle Nersther can anterior myocardial infarction
te excluded under these condinions Accordingly with left bundle branch
block one must, from the electrocardiographic standpomnt, remain 1 doubt
as to the coeustence of anterior myocardial infarctron

Incomplete Bundle Branch Block

There are numerous mstances 1n which there 1s a delay but no block 1n

one branch or the other, resulting m d bling those

elect:
just descuibed except that the duration of the QRS complex 1s less than

i 2 i

Tig 36 Incomplete nght bundle branch block The panent was a 21 year old
Navy veteran with a record of a dozen Pacific engagements 1 whom a heart
murmur was on to reenlist Cathy studies showed
the existence of an interauricular septal defect Note that the duration of the
QRS complex 15 0 11 second that an RR complex 15 present 1n Lead V, and a

notched R wave 1s present 1n Lead Vg vith late intrinsicord deflections m both of
these Jeads

012 second generally 0 11 or 0 10 second (Figs 36, 37) Such curves
have been recorded m the esperimental animal during the subsidence of
bundle branch block If all of the cnitena except the duranon of the mtal
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Fig 37 Incomplete nght bundle branch block with right ventncular hyper
trophy The conventional leads show night axis deviaton The zone transiional
between night and left ventricular potentials 1s at Lead V, The mtial R at Lead
V3 represents left ventricular activauon the secondary R (R ) represents nght
ventricular activation The intrinsicoid deflection 15 later over the right than over
the left ventricle The presence of an tmtial R rather than Q wave over the nght
ventricle 1s more 1n accord wath mncomplete right bundle branch block than right
ventricular hypertrophy but the tallness of R suggests the additional existence of
nght ventricular hypertrophy ‘The patient was a 13 year old schoolboy wath a
grade 1V systolic murmur and thrill in the third and fourth left intercostal spaces
X ray exarunation showed right vcmncular hyperuophy and a dilated pulmonary
artery Cath studies of pull stenosts

Flg 38 Incomplete left bundle branch block The pauem a 54 year old man
with a typical attack of acute
changes of an acute posterior lesion assoclaled with a QRS mlerva[ of a1l s:cond
and a Jate mtrinsicord deflection m Lead Vg Note that there 15 no Q wave
Leads V,_g or aVy The pauent recovered
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ventricular complet are fulfilled the diagnosts of mcomplete bundle branch
block 15 warranted The exact meanmng of thus finding 1 still under imvest-
gaton Incomplete night bundle branch block may occur as a transtent
finding 1n acute myocardral infarction and s acute cor pulmonale, and as a
persistent finding m night ventricular hypertrophy An appreciable number
of mdividuals with hearts normal 1n all other respects show mcomplete
night bundle branch block In making the diagnosis 1t ts important to be
certan that the electrode 15 not higher than the fourth mterspace else the
potenuals of the pulmomic conus may be recorded Since the pulmonic
conus 1s one of the last parts of the heart to be acuvated an electrode
relauon with thus structure may show a late mntrinsicord deflection and thus
falsely raise the question of incomplete nght bundle branch block

Nor 15 the sigmificance of mcomplete left bundle branch block settled
In all idividuals whose el d show the characteristic appear~
ance of left ventricular hypertrophy but which lack a Q wave over the left
ventricle, the posstbility of this condition exists (Fig 38) As with complete
left bundle branch block the abnormal actyvation of the seprum from the
night to the left 1n mcomplete left bundle branch block may explan the
failure of the R wave to increase over the night ventricle as the electrode
moves to the left which finding may lead to the false inference of antero-
septal mfarction

Bundle branch block 1s often associated with other types of heart block
such as auriculoventnicular or smo auricular block (Figs 107 119) In
Figure 31 1s represented a rare instance of 2 1 parnal left bundle branch
block At first glance one might interpret this as coupled rhythm due to
premature ventricular systoles, but on carefiul inspection 1t will be found
that aurscular and ventricular beats come exactly on ume

Clinseal Implications of Bundle Branch Block

Bundle branch block 15 farrly common 1n general practice Recent expe
nence with unspolar chest leads has shown, contrary to previous opmnron
that block on the night stde 1s much more frequent than block on the left
side Whatever 15 actually the more frequent the use of the term  commen
type of ntraventricular block should be discarded as nexact and equivocal

Inasmuch as bundle branch block occurs for the most part in panents
with regular rhythm 1t 1s dufficult to recognize this condition wathout elec-
trocardiograms Atrempts to detect this condition at the bedside or even
to venfy anatomuc interruption of one bundle branch or the other with
sertal microscopic sections have often been futlle Yet neither fatlure refutes
the controveruble electrical evidence of delayed actmation of one ven-
tricle or the other Bundle branch block 1s a purely electrocardiographic
dragnosis However 1t 15 often possible to suspect 1ts presence Whenever
a duastohic gallop rhythm 15 heard one should think of the possibility of
bundle branch block Moreover, bundle branch block 1s often accompamed
by 2 bifurcated or reduplicated apex impulse Both of these findings need
1o be looked for carefully and deliberately for when they are detected,
bundle branch block 15 apt to be present Finally, 1n such cases pulsus
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alternans 1s also very common In fact, the frequent assocration of bundle
branch block, gallop rhythm and pulsus alternans should Jead one to sus-
pect the presence of one if the other two are found

Bundle branch block occurs most frequently mn conjuncton with hyper-
tensive heart disease, with disease of the coronary artenies, 1n cases of aortic
stenosis and much Jess so m associauon with mutral stenosts It almost
always denotes some disease of the myocardium, although there are rare
nstances 1n which no other clintcal evidence appears that the heart 1s ds
eased The prognosis for patients with left bundle branch block 15 poor
The average length of life after st 1s first noted 1s not more than a year or
two but there are exceptional patients who carry on farrly sansfactorily for
many years The situation 1s qute different m right bundle branch block,
for here many patients continue sn good health for a great many years In
fact, there are instances of this type m which there seems to be very little
other evidence of orgamc disease and the prognosis may be extremely
favorable There 15 no specific treatment for persons wath this disturbance
as 1t does not, by uself, produce any handicap It merely reflects the condi-
tron 1n the heart muscle and therapy 1s directed at the general state of the
airculation

Intraventricular Block

Complete and incomplete bundle branch block are, strictly speaking,
specral forms of intraventricular block We have been accustomed, how

B B e i

Fig 39 Inwaventricular block The QRS complex m the standard leads meas
ures 014 second Although there 1s a superficial resemblance to left bundle
branch block 1t will be noted that 1 Leads I, aVy, and V7 the QRS complex
1s not flat or turrer topped and does nrot have a true intnnsicord deflection 1 the
sense of a final rapid d d defl The Umb of the R wave
beguns relsuvely early in the QRS complex and shows a smooth slow obligue
slope Such curves should be designated ntraventricular block Note also the
absence of clearly demonstrable P waves The patient was a 58 year old spinster
admutted for uremia apd acidosts The d p

No was performed.

ey
LSl

ever, to make the diagnosis of mtraventricular block by exclusion when
bundle branch block cannot be established Thus 1f, with a QRS duraton
of 0 11 second or longer, 1t 15 impossible to demonstrate late mtrmnsicord
deflections over one ventricle or the other, one must, by excluston, make
the noncommurtal diagnosts of traventricular block or defecuve mtra~
ventncular conduction (Figs 39 and 40) Some of these latter hearts wall,
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on further analysis, show localized areas of delayed activation If the transi~
tional zone can be elinunated as the cause of notching of the QRS complex
1n one or more precordual leads and if flanking leads show earlier activation,
one may be dealing with ¢ focal block Occasionally this local area of
delayed activation may be restnicted to esophageal leads recorded at ven-
wncular levels This finding probably sigmfies localized patchy fibrosis,
probably mvolving the subendocardzal Purkinje network The term ““arbory

zation block might be used as the equivalent of focal block but thus should
not be confused with the arborzatton block’ of the older Iiterature

el
bt
r

Fig 4 and septal hy; with ntraven

tricular block The patient was a 19 year old man with coarctauon of the aorta
The tracings show 2 QRS interval of 0 16 second a duration unusual for uncom

plicated left ventricular by Late d d aver the left
ventricle and flat topped R waves 1 Lead V suggest left bundle branch block

However deep notching of V5 of the type seen here 15 not usually observed i
left bundle branch block and the presence of Q waves i Leads Vs and Vi 15
wmcompatible with pure left bundle branch block At postmortem examination the
heart was tremendously enlarged (930 gm } the left ventricle measuring 2 2 cm

in thickness There was a congenital bicusptd aortic valve The septum though
stkingly hypertrophied was the site neither of mfarction nor of other disease

There was some scarring wn the lateral wall of the left ventricle most marked
subendocardially The septal hypertrophy may be the principat cause of the
prolonged QRS interval and the subendocardial scarring of the Q waves over the
left ventrcle

Analysis of many of the tracings showing bizarre low volrage prolonged
QRS complexes, formerly dered as evid, arborrzation block
would, 1n the ight of the criteria given above, demonstrate may of them
to be examples of bundle branch block

The climcal implications of defective intraventricular conduction are
sumylar to those of bundle branch block It should be borne in mind that
generally a grave condition of the ventricular muscularure 1s mdicated and
the prognoss should be guarded accordingly Occastonally, such curves
will be found when there 15 Lttle else to make one suspect heart disease
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and 1n that way they become very helpful diagnosnically In fact, the great
est value of electrocardiography 15 1n the detecton of sigmficant abnormal-
1ties 1n the ventricular complexes when the rest of the examimanon reveals
no essenual abnormality

DISTURBANCES OF THE PACEMAKER (SINO AURICULAR NODE)

Normal Tachycardia

It appears that the sino-auncular node has to go through some chemcal
process 1n building up matenal which finally explodes and sends out an
impulse This process normally repeats 1tself 1n a fairly orderly fashion at
a rate of about 70 per munute There are numerous common condions 1
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Fig 41 Normal smus tachycardin Upper tracing 1s from a boy, aged 9, who

had a postscarlauna tachycardia rate 143 Middle curves are from a boy aged

18 with neurocirculatory asthensa fate 146 Note all complexes are normal 1o

sequence but merely come at a rapid rate The Tz and Ty1n neurocrculatory

asthera are frequently flat or inverted Lower set1s from a boy, aged 9 wath acute
rheumanc heart disease, rate 166

which the process takes place more rapidly, 1 ¢, exercise, emotion, fever
or hyperthyroudism Under these circumstances the smpulse starts m the
normal focus and travels across the heart normally but the rate at which
1t 15 repeated 1s increased Thus 15 called normal tachycardia or simis tachy-
cardia (Fig 41) All the complexes have an essentially normal configuraton
and most of the acceleration takes place at the expense of the dustale of
the heart (the T-P interval) Such a condition need not indhcate disease of
the heart It was doubtful whether any organic heart disease was present
1n the patient tllustrated by the upper cutves of Figure 41 and there cer-
tamly was no heart disease i the panent from whom the middle tracngs
were obtaned At tunes 1t 15 very umportant to disungwish a normal tachy~
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cardia from one due to an ectopic rhythm and 1t may be necessary to pro-
duce vagal sumulation as 15 illustrated 1 Figures 66, 74 and 112 When
a rapid regular thythm 1s due to an abnormal mechanism, vagal sumulation
erther produces no effect, stops the tachycardsa or causes temporary abrupt
alterations 1n the rate while mn normal tachycardia the effect 1s slight or
gradual

'
Normal Bradycardia

The vagus and sympathetic control have much to do with the regulation
of the rate of impulse formation at the pacemaker Under certain con
ditions, exther as a result of increased vagal or diminushed accelerator tone,
the rate of the heart 15 unusually slow and sluggish, 45 or less (Fig 42)
This occurs in some normal healthy mdiwviduals, particularly tall young
athletes with undernutrition, as a result of jaundice, duning sleep and after
certam nfections The entire mechanism of the beat 1s normal and, there
fore the electrocardiogram will be normal i every respect except that the
diastolic pauses will be grear The condition 1s called normal bradycardia
At tumes the rate can be below 40 and even 35 with a normal mechanism
At these low levels 1t muct be clearly disungusshed from heart block, for
with the former the heart 1s apt to be normal and wath the latter the heart
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Fig 42 Normal bradycardia Rate about 42 from a man aged 68 who had

no symptems or signs of heart disease Note that the complexes are normal the
rate 15 slow and there 1s a sinus arrhythmia

-
T

15 almost always diseased Thus can readily be done without specral appa-
ratus for on exercise the rate will gradually rise to a higher level and then
return to the origmal slow rate 1f the bradycardia 1s  normal one, whereas
when heart block 15 present the rate will either change shghtly or not
at all or sudden wmterruptions i the Jength of the heart cycle will be
detected

Sinus Arrhythmia

There 15 an urregulanty of the heart called sinus arrby thma m which
gradual acceleration and retardation take place (Figs 43 and 44) Itissome-
times called respratory arthythmia because 1t often 1s phasic with respira-
tion The rate speeds up with nspiration and then slows with expiration
At times 1t 15 independent of breathing The impulse ongmates 1n the
normal pacemaker and traverses the heart normally, the gradual changes
taking place manly 1n the length of diastole Because 1t 1s 50 common m
chuildhood 1t 15 also called juvenile arthythma When 1t 15 marked or when
the changes are abrupt 1t may be confused with more serous uregularities
such as aurcular fibnllanon or heart block It oceurs m many healthy
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people, 1n some older mdviduals with myocardial disease and after full
digitalizatron It 15 apt to disappear entirely if the heart rate 1s ncreased
artificially by exercise or by dimmishing the vagal tone wath atropine The

Fig 43 Sinus arrhythrua A woman aged 38 who had malnutriion but no
heart disease Note gradual increase and decrease of the length of the heart cycles
The changes take place almost entirely 1n the length of the diastolic pause (T P
mterval)

important pomnt 1s that it must be regarded as an essentially normal phe-
and does not ind orgame disease When the heart rate has
been rapid and regular for some cause, such as hyperthyrosdism or rheu-
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Fig 44 Sinus arrhythmia From a boy 6 years of age with a normal heart Note

more abrupt changes 1 the length of the heart cycles

matic cardius, the appearance of sinus arrhythmea 1s apt 10 mdicate that
the condition 15 progressing favorably and the normal vagal control 1s re

turning In fact, 1t 1s rare to find this arrhythnua while active thyrotoxicosis
or rheumatic carditis exists

Sinus Pauses

The pacemaker of the heart may become inhibited as a result of certamn
reflex influences and thereby fail to produce mpulses for varymg lengths
of time Under such circumstances the whole heart fatls to contract and
1f the pause 1s sufficently long, grddmess or actual syncope vecurs, pre
senting clinical features that are sumular to those seen 1 Adams-Stokes
disease This condition 15 called sinus pauses (Fig 45) The electrocardio
graphic complexes are normal wn form but there appear long diastolic
pauses of varying lengths This might be regarded as an exaggerated form
of sinus arrhythmia The mechanism of this disturbance depends on a
reflex stmulation of the vagus such as a vagovagal or carotid smus reflex
Figure 45 15 a tracing of a patient who had spells of unconsciousness pre-
ciputated by the act of swallowing or gagging and accompamed by a pecubiar
sensation m the throat It was found that each time a tongue depressor was
apphed to the tongue to examune the pharynx an attack occutred dunng
which the heart stopped for several seconds
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Fig 45 Sinus panses Note marked irregular slowing of the heart neither auncle

nor ventricle contracts This resulted from vagus stmulation following gagging

ly a gal reflex) The of the base Line 15 an artefact and

due to movement of the patient {Author s article 1n Oxford Loose Leaf Medicine
vol 1I)

Fig 46 Swnus pauses This 1s @ contmuous tracing from a man with aottic
stenosis and angimna pectoris Note that on taking 2 deep breath the hearr stowed
markedly the P waves disappeared there was an rdioventricular thythm and a
gradual return ta normal
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Fig 474 Swmus pauses From a men aged 60 who had syncopal attacks but

10 heart disease The right caroud sinus was very sensiive Note marked slowsng
of the heart from the carotd sinus reflex

TR
[

Sumilar electrocardiograms and syncopal attacks can occur 1 some mndi
viduals with aortc stenosis or m those who have a sensive carotid smus
Figure 46 shows the effect of a deep breath 1 2 man with aortic stenosts
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The whole heart slowed and the patient grew somewhat faint Figure 47A
shows how readily the heart can be slowed by light pressure over the carotid
sinus n some indwviduals This man was quite well except that he had fre-
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Fig 47B Marked caroud sinus sensitvity Male 60 years old with hyper
tension aoruc stenosis and angina pectons Note the prolonged asystole of aver
six seconds following left carotid pressure The effect 1s less marked on the nght

2y,

quent spells of unconsciousness which came without warmng He was
entirely cured by taking § gram (0 025 gm ) of ephedrne sulfate two or
three imes a day Another mstance of marked carotd sensitivity 1s shown
mn Figure 478

Auricular Standstill

On rare occasions electrocardiograms are seen m which the auricular
complexes entirely disappear for brief or considerable pertods of ume This

Fig 48 Auncular stzmdsull Male 70 years old who had taken excessive
digrtalts and d spells Note lete absence of P mve:_
and ventricular rate of 33 Panent made complete recovery with reappearance O
normal P waves

condatton 15 called aurtcular standstill or mnhibttion of the auricles (Figs 48
and 49) The ventricular beat 1s mamntained by the 1dioventnicular pace-
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maker Such curves are occastonally observed during quinidine or digitalis
adrmunsstration and mndicate a toxic effect of the drug Syncopal or Adams-
Stokes attacks may occur 0 pauents mantfestng thus disturbance and 1t 13

18-85 = = =

Fig 49 Auricular standstill due to quinidine Upper tracing shows paroxysmal
ventricular tachycardia with a ventricular rate of 169 Muddle set shows aunicular
standsull 1n Leads 11 and 111 Lower set shows return of auncular acuvity The
patient had recewved a single dose of 1 gm of quumdine sulfate at 11303 m on
May 24 1929

mperative that the drug causing the auncular standstll be omitted Auncu
lar standstill 1s also apparently a regular feature of the more advanced
stages of potassium ntoxication

ECTOPIC RHYTHMS

Inthep d graphs we d d disturbances 1 the pacemaker
of the heart The second major abnormality 1n the mechantsm of the heart
beat 15 the formation of ectoptc rhythms Impulses can anse in almost any
part of the heart auricles, junctional issue or ventricles When such ectopic
beats occur they interfere with the normal sequence of events and produce
peculiar and charactensstic electrocardiographic changes The fundamental
prinaple underlying these alterations 1s that 1f an impulse travels an abnor-
mal course through a certamn portron of the heart, the electrocardiographic
Tepresentation of that impulse will be abnormal

Premature Auricular Beats

Impulses may arise in any portion of the aurscular musculature Ordinar-
1y the tendency for beats to arise 1 abnormal parts of the heart 1s held in
abeyance because the pace set by the sino guricular node 15 faster and
prevents other foc1 from functioning Under abnormal conditions ectopic
foc1 are enabled to mtiate mmpulses and when such isolated beats occur
they are called premature or ectopic beats or extrasystoles On listening over
the precordium one hears a regular rhythm (lub-dub, lub dub) and then
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suddenly a quick beat follow ed by a pause, after which the regular sequence
1s restored This premature beat may come only at very rare intervals or as
frequently as every second or third cycle Although the beat can be heard
over the precordium 1t may produce such a small pulse wave that 1t 15 only
barely felt at the wrist or 1t may be entrely 1mperceptible Thus 15 s0 be~
cause the heart contracts early m diastole when the volume of blood m the
veniricles 15 quite small

From an electrocardiographic pomt of view we must visuahze the wave
of excitation as arising in some pont 1n the auricle more or less distant from
the sino auricular node The course through the auricle that this smpulse
must take will be abrormal It wall travel possibly from left to nght rather
than from nght to left or upward rather than downward The P wave
which represents auncular actity wall have to be abnormal 1n form 1n
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Fig 50 Premature auricular beats Note that the uregulanty 15 due to 2n

occasional premature bear (P ) wihich becomes supenmposed on the previous T
wave The v ! foll the beats are of normal

form (Leads II and III) From a man who had a bemgn rrregulanty of the heart.

one or more leads How different from the normal P wase it will be will
depend on how far away the ectopic focus 15 from the normal pacemaker
It may, therefore, remam upward or become mverted (Figs 50, 51, 52)
When thus impulse reaches the smo auncular node it destroys whatever
umpulse formng matersal had been built up there and the node starts over
again 1n the production of a normal beat The premature beat 15 also travel-
mg downward through the auriculoventricular junctional ussue to reach
the ventricles The pathway of this beat through the ventricles therefore
should be normal and the QRS-T complex will be of normal form Gener-
ally thus 15 so (Figs 50 and 51) At tumes the ventnicular complex following
a premature auricular beat, however, 1s abnormal (Fig 51) and the P-R
interval may be delayed In fact, on rare accasions the beat may be blocked
and then 1t 1s called blocked premature auricular beat This occurs because
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the beat has come so quickly that the tissue has not recovered completely
and there may be a slight delay 1 one part or another of the conduction
apparatus distorting the spread of the wave of excitation The premature
and abnormal P wave may need 1o be sought for carefully It often 1s hidden
on the previous T wave and 1s to be detected by a shight alteratton in the
height or configuration of this T wave (Fig 50) At other imes because
the ectopic focus 1s 50 near the normal pacemaker the P waves differ only
very shightly from the normal ones (Fig 92, lower curves) Occasionally a
premature auricular beat produces no electrrcal disturbance 1 one of the
jeads but the finding of a P wave of an abnormal form 1n one of the other
leads will reveal 1ts abnormal ongin

Tig 51 Premature auricular beats From a young man with no heartt disease
Note that the premature P waves fall on the preceding T waves are inverted m
Leads IT and III and are followed by ventricular complexes of abnormal form

Premature auncular beats can readily be disunguished from those of
ventricular ongin Even when the former are followed by abnormal ven
tricular complexes, the QRS waves are not so broad as 1 the latter conds-
tion The detection of the preceding abnormal P wave dentfies the beat
as guricular Finally, the pause after an aunicular extrasystole, although
longer than the normal cycle, 1s lly not ipletel p Yy
1e, the length of the two cycles mcluding the extrasystole 15 less than two
normal heart cycles, whereas with ventricular extrasystoles 1t 1s equal to
two normal beats Occasionally, however, even premature auncular beats
are followed by completely comp y pauses The di of a2 com-
pensatory pause 1s not, therefore, 2 relable method of differentiating ven-
tricular from auncular premature beats
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Premature auncular beats are fairly common and do not by themselves
ndicate heart disease They occur i individuals otherwise well as a purely
funcaonal or neurogenic disturbance and need produce no symptoms or
cisability When such 1s the case, the wrregulanty should not be treated,
nor should the patient be restricted 1n his achvines When these beats pro-

ST AT

¥ig 52 Premature suricular beats Note that every second beat 1s a prematuce
P wave which ts upright m Lead I but mnverted 1n Leads II and IIX Thx!s 1[51 a
form of coupled thythm (Author s article in Oxford Loose Leaf Medicine VO )

duce 2 good deal of palpitation and are am;a)x?g, qumxdm:' or f’gm&:
may be helpful O lly p salts (p phosp

chlonde, 2 gm three tunes a dav by mouth) may prove beneficial Ul;llk:
ventricular extrasystoles premature auricular beats do not result from
excessrve digitalis’ They do occur 1 patients with orgame heart dxsasc:
but the diagnosis of structural disease will then have to rest on other evi
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dence There 1s some assoctation between this type of extrasystole and
aurscular disturbances of higher grade, e g , tachycardia, flutter and fibrilla-
non Patents who show the latter wregularities often are found to have
premature aunicular beats at other tmes On following the progress of a
case of mutral stenosis ths form of extrasystole often occurs for some years
precedmg the development of auricular fibrllation, and so the detection
of the former may lead one to suspect that the latter wrregulanty will not
be long delayed Likewise, if a patient has paroxysms of some form of
rapd heart action, the finding of an occasional auncular extrasystole be-
tween attacks helps to throw light on the nature of the parotysms that have
occurred 1n the past
T 1A lar Tachycardia

As one continues the constderation of ectopic rhythms mn the aurncle a
disturbance of somewhat hugher degree 1s paroxysmal aurtcular tachycardia
(Figs 53 to 64) Here mstead of an occasional mmpulse anismng 1n some
abnormal part of the auricular wall this focus sends out a sertes of regular
mmpulses The pace 15 then set by this ectopic focus and 1t may be main-
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Fig 53 Parowysmal suncular tachycarcha Note the complete cycle of a brief
attack of tachycardia lasting five seconds P 1s different in form from the normal
P wave but the 1l P! are The onset and offset are
nstantaneous the rhythm s perfectly regular rate 1s 158 The pauent was z girl
of 21 without heart disease who complained of palpitation

e T

tamed for vartable lengths of time, persisting for hours or days and rarely
for weeks A very new concept concerning the nature of paroxysmal auricu-
lar tachycardia 1s developing at present It1s now thought by some observers
that 2 circus movement which has its pathway through the auniculoventricu

lar or sino auncular node s responsible for this abnormahty Inasmuch as
the origin of the impulse 1s abnormal the course 1t takes through the auricles
15 abnormal and 1n so far as an auricular complex can be identified 1t will
daffer from the notmal P wrane The coutse of thus wave through 1he ven-
tricles, however 1s normal and therefore the QRST waves will be the same
as when the heart 15 beaung normally Figure 53 represents a complete
brief paroxysm of this type lasting only four to five seconds It shows that
the onset and offset are abrupt and the aurtcular waves change their form
when the paroxysm starts, bur that the ventnicular compleves remam the
same It 15 charactenstic of this condinon that the rhythm 1s perfectly
regular much more so than 1n a normally beaung heart It 15 also peculiar
that in most cases the P waves cannot be easily 1dentified for they probably
are fused with the preceding ventricular complex The result 15 that one

often sees only what appears to be an R and T wave comung mn rapid suc-
cession
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Clinically thus condition 1s important as 1t 1 common, can cause a good
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Fig 54 Paroxysmal aunicufar tachycardis Upper three leads show a perd
regular rate of 172 Auncular complexes (P ) probably buned mn the prcvm\;;;ll'
waves Lower curves on the same patient taken after attack was over show 2 no;
slow rhythm rate of 83

sequences It 1s also mmportant from a practcal pownt of view because 1t
can readdy be recognzed at the bedside and effectively treated It occurs
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for the most part 11 an individual who has a structurally normal heart
Oceasonally 1t 1 a complication of orgamc heart disease and then may
produce alarmmng symptoms Ordmarily attacks occur without any detect-
able cause The patient 15 apt to blame some particular happenung that
took place just before the attack such as 2 motor ride or eating a certan
kmd of food Indigestion or gas is often suspected as bemng the cause, and
yet treatment durected at the gastrowntestinal tract or the dier will be of
no aval A careful hustory will frequently bring to light the fact that 2
certain specific event may act as a trigger in setting off 2 paroxysm A sud-
den turn of the head or bending over 1o tie one s shoes, an unexpected
emononal upset or a dream all have been known to prectprtate such spells
On the other hand many attacks occur without any obvious cause

The attack 1tself 1s instantaneous mn onset and offset (Fig 53) In most
cases the panent 15 anare of this and will descnibe it as comung suddenly
and stopping with a ¢ thump * At tumes, although the changes are sudden,
the sensations will be described as occurring quickly but not abruptly
The patient wall complain ot palpitation or fluttering of the heart become
uneasy nervous and apprehensive and want to ie down Occasionally there
15 pain over the heart and there may be typical anginal distress even with
radiation to the arms Sometimes nausea and vomuting occur and with 1t
attacks often end Thus sort of experience convinces the sufferer that it 15
alt dueto indigesuon or to some food that was eaten After the attack has
lasted a vanable length of time, 1t suddenly stops and the patient quickly
recovers Many will feel perfectly well shortly afterward while a few will
be left weak enough to remamn n bed 2 day or so How distressing the symp-
toms will be and how severe the evidence of arculatory failure will depend
on three factors—the duration of the attach the rate of the heart duning
the attack and the state of the heart before the attack occurred A normal
heart can withstand a rate of over 200 continuously for several days, while
1f mutral stenosts 15 present, evidence of congestve heart faillure may de
velop 1 hours

The chmeal diagnosis of this condition 15 simple 1 most cases It 15
1mportant to obtan 2 history or elicit evidence of an abrupt change m
rate The heart rate during an attack of paroxysmal auricular dia
ranges from about 150 to 250 per mnute, although slower rates may occa-
sionally be found The rhythm is perfectly regular By this 1s meant that
contiguous heart cycles wall not vary more than 001 second mn length
{Fig 57) Thus s very important diagnostically for the ear 15 able to detect
very munor alterations 1n rhythm Not only 1s the heart rapid and regular
but 1ts rate 15 very fized for long mtervals of ume and cannot be altered
by simple procedures like breathing or exercise which affect the rate of
the normal heart Over the course of hours the rate may change but not
during short intervals of time The bedside apphication of this peculianty
ts to count the rate carefully for sixty seconds by auscultanon over the
precordium Ths should be repeated n several munutes, preferably under
ifferent curcumstances, after shght exercice or with the patent sitting up
rather than Iying down If there 1s a sigmuficant difference 1n the two rates
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one can be farrly sure 1t 1s not paroxysmal auricular tachycardia With the
latter the first count mught be 169 and the second 168 If the second count
wete 174, 1t would pomnt 10 a normal snus tachycardia (Fig 41) The
difference should be no greater than two beats if the count 1s made care~
fully Even this difference 15 to be accounted for by the difficulty i timing
the first and last beats as one follows the second hand of the watch 1n 1ts
complete circut One often hears the statement that the rate, though regu
lar, was too rapid to be counted Although this may be so when the rhythm
15 arregular, I believe 1t means careless observation or lack of mterest m
accurate counting when 1t refers to a rapid regular rate I had the oppor-
tumty of testing this 1n a case that showed a heart rate of 250 Three inde-
pendent observers counted rates of 248, 249 and 250 When the rate 15 over
200 the actual counting process may be facilitated by tapping on the table
with a pencil synchronously with the heart beat and then countng the taps
Empbhasts 1s placed on this because determining the constancy of the rate
can be carried out by any physician and helps to disunguish a normal from
an abnormal tachycardia
The various methods that are used to stop an attack also serve as drag
nostic procedures, for there 1s no other type of rapid heart action that can
be made to return to a normal rate by such simple means and so quickly
Not only does a normal rachy cardia reach 1ts rapid rate gradually, starting
from about 70 or 80 and then mcreasing to 100, 120 and finally 160 or 170,
but when 1t returns to normal 1t does so gradually If vagus stmulaton 1
produced by pressure over the carond sinus or the eyeball during paroxys
mal tachycardia, the rate will remamn entirely unaltered or 1t will abruptly
fall to normal, 1 ¢ , the rate may change from 190 to 80 1n one or two beats
(Figs 55,56,57,74) With normal tachycardta, there 1s apt to be temporary
slowing with gradual return to the previous rapid level (Figs 74, 112) A
simular effect 1s generally obtained 1f the tachycardia 15 due to auricular
flutter (Fig 66) and when ventricular tachycardia 1s the cause of the acceler-
atnon vagus stimulation produces no effect whatever It 1s evident, there-
fore, that the diagnosis can generally be made at the bedside and only rarely
will electrocardiograms be necessary
The treatment of the condition can be divided mto two problems The

first and easter task 1s to stop the attack The second and more difficult 15
to prevent 1ts recurrence Most attacks will end if feft alone and no harm
will result Occasionally severe congestive heart failure or anginal pam may
develop and rarely may prove to be fatal For thirty years I have followed
one extraordinary patient who had yearly severe attacks m 1911, 1912, and
1913 Dunng one of these he developed aphasta, which cleared 1n ses eral
months, during another he had a hemuplegia which disappeared 1n a few
months leaving only a very shght spasticity, and dunng the third, dry
gangtene requirmg amputation of the left arm at the shoulder dev eloped
The tachveardia in these spells lasted from five to eleven days ncessantly
When I saw the panient during Ius fourth attack the heart rate was 250 The
blood pressure was about 94 mm systolic and 88 mm drastolic He devel~
oped a fever of 101 and an apprecable leukocytosis He also complamed
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of 2 constant distressing constricting pamn mn the chest There were a few
rales at the bases of the lungs Many of these features resemble those of an
acute coronary thrombosis, a condition with which any severe form of
paroxysmal rapid heart action can be confused In fact, the heart was found
to have dilated 2 5 centimeters as compared to 1ts Size 0N X 1ay £xamunation

T THr=
o Fj':‘t-g::‘irﬂj&‘

—
0 8 R e
T T
Fig 55 Parovysmal aurcular tachycardia (sme case as Fig 54) Note the
abrupt cessation of the artack by pressure over the left carond sinus The ureg
ulanity of the baseline 15 due to movements of the patient Vx wndicates ventricular

premature beats which are common duning the transinons Patient had hyper
tension and angina pectorts
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Fig 56 Paroxysmal auncular tachycardia Cessation of attack by right carotid
sinus pressure Note long pause followed by resumption of sormal th

Rate of artack 158 P waves dunng attackInotTeasilyJidentified Patient hadfno
heart disease
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Fig 57 Paroxysmal auncular or nodal rachycardia Cessation of attack by
nght ocular pressure (oculocardiac reflex) Note sudden transition from regular
shythm with rate of 158 to rate of 80 Numbers above tracing measure the mrer
ventnicular wmtervals i1 hundredths of a second Note absolute regulanty with
slight slowing just before the transinon The treatment of suricular and nodal
tachycardia ss the same Pauent bad rheumatic aortic insufficiency (Author s
article 1n Oxford Loose Leaf Medicine vo! II)

after the attack was over Such dyatation 1s unusnal 1n paroxysmal tachy

cardia, for 1 most cases there 15 no dilatation or very linle It 1s quite evi-
dent that proper treatment was very urgent in the case just cited At first
1t was found that carond sinus pressure was meffective but vigorous pres-
sure over the eyeball ended the attack immedaately Subsequent attacks
were readily controlled by pressure over the carotid smus and the pauent
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was taught how to perform this procedure For some unknown reason the
attacks gradually became quite rare The patient remamed 1n excellent
health for over twenty years but lately has had typical mild anginal pan on
effort which 1s not associated with attacks of tachycardra

Further illustrations of the urgency of proper treatment are the rare
mstances m which attacks occur 1n patients on the operanng table during
anesthesia Breathing may cease entirely and the patient may become pulse~
less Even fatalines may occur I have seen several cases in which the con~
dition seemed cntical but was readily controlled by simple methods

The simplest means of stopping an attack 1s to have the panent hold a
deep mspiration as long as he can He mught be advised to make a quick
expiratory effort with the glottis closed after a deep breath 1s taken Many
attacks can be ended quite readily in thus way The panent should be told
that 1f this fails, he nught try to induce vomiung by placing hus finger down
the pharynx The act of gagging, retching or vormung often ends attacks
Thus may be brought about by the hypodermic injection of apomorphine

e 7 ——— e

Fig 58 Paroxysmal auncular tachycardia Cessaton of attack following 03
gm of qundine sulfate given intravenously Abrupt transiuon occurred about
thirty seconds after ipjection from rate of 181 to 97 The patient had carcino~
matosis but no heart disease (Author s arucle m Oxford Loose Leaf Medicme
vol II)

More effective sl are 1 to 4 teaspoonfuls of syrup of ipecac Some have
learned that Iying down or lowering the head may be effectuve Often when
the attack continues, morphime 1s given and dunng the subsequent hout
or two the heart returns to normal When this occurs 1t 15 difficult to say
that the medication causes the attack to end The most valuable treatment
15 carottd sinus pressure This 1s performed by placing two fingers over the
carotid artery just below the jaw, where a shight bulge 1s felt as the common
carotid artery divides, and pressing and massaging the artery agamst the
spune for several seconds First one side and then the other may be tried
but not both at the same time This sumulates the vagus nerve reflesly
(caroud smus reflex), although 1t used to be thought that the vagus nerve
which lies just behind the artery i the carotid sheath was sumulated di~
rectly In the majority of cases, when thus 15 properly done, the attack will
end mnstantly If this fauls, ocular pressure may be tried (Fig 57) Oneeye
at a tume should be firmly pressed backward ‘To be effective the pressure
will have to be panful, but this method may succeed where others have
fatled It 1s parncularly apphicable if the patent 15 already under an anes~
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thenic for then the pam will not be felt In this procedure the reflex goes
up the fifth cranial nerve and down the vagus (oculocardiac reflex) There
have been rare mstances 1 which carond sinus pressure has resulted
hemiplegia T have seen one such casc 1n ap elderly man Very likely when
marked cerebral sclerosis 1s present the fall n blood pressure and cessation
of the crculation may result mn local cerebral thrombosis In fact, m ex-
tremely rare cases, fatalities have occurred because after a pause 1n the
heart the normal beat was not resumed

Finally, there are drugs that may stop attacks of tachycardia Recently
acetyl 8 methylcholne or mecholyl has been found to be very effective
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Fig 59 Paroxysmal aunicular tachycardia arrested by mecholyl Upper tracing
shows regular rate of about 225 Lower set taken one minute after 2> mg of
mecholyl was imjected subcutaneously shows slow rate with occasional extrasys
toles The pattent was 2 woman 36 years old with no organuc heart disease Note
electrical a"ternauon of the R waves dunng tachycardia

(Fig 59) The average adult dose 15 about 20 mg , given subcutaneously
Thus produces a rather powerful stmulaung effect on the vagus apparatus
It often aborts an attack 1n a few munutes Because of occastonal untoward
reactions atropme should always be available for immediate use m doses
of 1 to 2 mg given hypodermscally Asthmatics or strongly allergic mdi-
viduals should not be given mecholy! Another drug that I have employed
m former years when all other methods failed and the condition of the
patient secmed crincalis dine sulfate ad d ly (Fig
58) The dose that was used was 03 gm (5 gramns) There 1s some danger
of instant fatality from the mtravenous use of quuudine so st cannot be
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recommended unless the circumstances warrant the nsk Until recently
quinidine preparations have not been available for parenteral use The fol-
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Fig 60 Paroxysmal aunicular tachycardia stopped by digiealis Tracings on the
left show regular rate of 196 Set on the nght taken twenty hours later, 1 gm of
cigitalis having been given orally shows normal rate of 69 [he patient was a
man 62 years old with bronchopneumonta and a fever of 103 F who recovered

satsfactonily
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Fig 61 I

auricular

stopped by sulfate
Upper tracngs show regular rate of 257 Lower set was taken hwo munutes after

the sntravenous myection of 3 gm of magnesium sulfate and shows a normal
rhythm The panent was 2 man 68 years old with probable spial cotd tumor but
no heart disease

lowing procedure, however, tould be employed A muxture 1s made of 03
1005 gm of quintdine sulfate m 20 to 30 cc of water To thus a few drops
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of concentrated hydrochlonic acid must be added to keep 1t m <olution
After bothng the solution may be slowly mjected mntravenously It has also
been suggested that the required amount of quidine may be dissolved m
200 to 300 cc of salme This slower method of mjection may be safer
Ampules 06 gm of quimidme hydrochloride have now been
prepared and are sustable for ntramuscular or intravenous use Frequently
large doses of digitalis (05 to 10 gm given parenterally or orally) may
gradually arrest an attack (Fig 60) Recently magnesium sulfate m doses
of about 20 gm given intravenously has also proved successful (f1g 61)
There 1s a slight risk with thus method as there 1s with all intravenous medi
cation for tachycardia Finally, prosugmme 1 doses of 0 510 1 0 mg sub-
cutaneously has been effective 1n 10 to 15 nunutes, especally 1f followed
by carotid simus sumulation In general 1t will be found that the paroxysm
can be controlled by one method or another

The prevention of attacks presents a more difficult problem 1f they recur
infrequently, once a year or so 1t hardly seems wise 10 msutute a course
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Fig 62 Paroxysmal auricular R of Lead II showmg

supraventricular tachycardia with rate of 192 At first sight the small sharp
mverted P waves deformung the RS T segments unmediately after the QRS
seem to be from the il node to the auricles

Attenyion 1o the last beat in the parotysm termunated with carotid sinus sim

ulaton shows no such inverted P wave followng the QRS complex It as clear

then that the mverted P waves are not conducted back from the ventricles but
rather are conducted to the ventricles after a prolonged P R nterval A pair of
ectopic ventricular beats interrupt the paroxysm are followed by a pause then
the resumption of normal sinus rhythm at a rate of 108

of drug therapy because not knowing when the attack 1s due 1t will be
necessary to keep the patient on the medication all those intervenung
months with the hope of inhibiting this rare spell It 1s better to do nothing
and then to stop the attack when 1t occurs When attacks come frequently
the problem 15 different for they may be very annoying and 1t 15 possible
to ascertam whether ot not drug therapy 1s effective Occasionally the con
stant admuustration of 02 to 03 gm (3 to 5 gramns) of qundine sulfare
will prevent attacks Even more effective 15 constant complete digstaliza-
tion Thus must be carried out just as 1t 1s done 1n congestive heart failure
One or the other of these methods frequently obvaates or at least dimmushes
the frequency or severty of the attacks

Although m most cases, heart block 15 not associated with paroxysmal
auricular tachycardia there 1s 2 small group m which auriculoventricular
block of some degree does ewst (Fig 63) This type duffers from the more
usual one 1n that 1t 1s less responsive 1o the measures that ordinanly stop
attacks, 1t may persist for long periods of ume even months or years, and
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Fig 63 Parorysmal auncular tachycardia with block (unusual type) Semes of
tracings taken over a course of macteen years Some show a 1 1 rhythm with ¢
ventricular rate of about 240 (second set) Others show a 2 1 rhythm (first set)
with ventricular rate about 120, the fourth and the last sets shaw varyng bladk
with auncles suff rapid  regular at about 200 and ventricles slow 2t abouc 50
sntesspersed are sets with normal slow rhythm (seventh and exghth) Raght bundle
branch block ss present throughout The patient 1s now 72 years old and has been
ambulatory without congestive faiture all this tme

1t presents some fearures that resemble auncular flutter In fact, rcctn;
studues of this and other types of paroxysmal aunicular tachycardia len
support 1o the idea that some of the cases are due to a crcus motement 12
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which the pathway runs through the auniculoventricular node It will be
found that qumdine and digitalis are only occastonally effecuve m con-

Fig 64 Pasoxysmal auncular tachycardia with block Normal staus thythm m
Lead T with heart rate 89 and P R interval 0 18 second In the second strip
(Lead IT) auricular rate 176) with block (ven
trcular rate 107) 18 recorded Note the 1soelectnc penod berween the P waves
contrasting with the constantly moving basehne charactensstically seen 1t auricular
flutter The thurd strip 2 conunuation of Lead II shows cessation of the paroxysm
of auricular Note the of the dunng the parox
ysm and the regulanty of the ventricles during normal rhythm and the contrast
between the sharper taller P waves with tachycardia of the auricles and the lower
more rounded P waves with normal rhythm In the fourth staip (Lead II1) the
abnormal thythm 1s resumed The patent was a 63 year old man with calcfic
aorte stenosis and aortic insufficiency angina pectorss and congestrve heart
failure who had been treated with digitowan 01 to 02 mg daly over a two
months period associated with nausea vomuting diarrhea and photophobra.
After seven days without digrtoxin the abnormal thythm and the other symptoms
disappeared

troling this rarer form of tachycardia, although digitahs may at lez« 53w
the ventnicular rate

Auricular Flutter

A sl hugher degree of aurrcular disturbance 1s auricular B T
65 to 73} In this cond the 1

rate y 15 bevzms 2247 2m=
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Fig 65 Auncular fluter Upper three leads taken duning aunicular flutter
lower tracings taken four weeks later during normal rhythm Dunng tachycardia
the auricular rate 1s 278 ventricular 139 (2 1 block) Idenuty and rapidity of
aurncular beats are difficult to make out unul the ventricles are slowed (see Fig
66) Note the small P waves in Lead I, promunent triangular P waves i Leads
II and 111 with a sharp upstroke and a coarsely notched downstroke Normal

h as lished on dine therapy The patient had no heart disease

w
but complained of syncopal attacks for three years

350 and except i very rare instanices the ventricles respond to only a frac-
uion of this number, as the junctional ussue cannot conduct mpulses 50
rapudly, 1 ¢ , there 15 1n 4 sense a certan degree of auriculoventricular block
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In exceptional cases all auricular beats come through to the ventricles and
the heart rate 15 then very rapid (Fig 69) Duning quinidme therapy the
auricular rate may fall to as low as 150 Tt has been shown that the mechan-
nusm of this pecubiar abnormality 15 the development of 3 Qircus movement
By tlus 15 meant than an impulse gets started and encrcles the auricles
around the venae cavae and on 1ts return to the ongmal focus finds the
nssue out of 1ts refractory state and continues around agam and agam,
always meeting muscle bundles ahead of 1t that are ready to conduct the
impulse In auncular flutter this pathway 15 constant and therefore the
waves w1ll be regular and constant 1n form In aunicular fibnllanon, to be
discussed later because the rate 15 more rapid, each impulse finds bits of
ussue zhead of 1t that are stll refractory following the previous contraction,
50 that 1t has to devrate to one side or another constantly seekung fibers that
will conduct The result 15 a smuous course and more 1rregular and more
nconstant fibnllary waves occur Auncular flutter has therefore been re-
garded as a pure circus motion while aurtcular fibrillaton has been regarded
as an smpure one The validity of this concept has long been demted by
contnental writers Recent hic and el hic studies on
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TFig 66 Aurncular flutter Effect of left carotid sinus pressure (Same pauent as

Fig 65) The v rate 1s ntubited the
raptd auricular mechamsm to become clear

experzmenta] flutter 1n this country by Printzmetal have cast further doubt
on the traditional teaching

The electrocardiograms of auncular flutter are very peculiar and charac-
terisuc In Lead I the aunicular waves are represented by small notches
(Fig 65) In Leads IT and III the waves have a triangular form The up
stroke 15 sharp and smooth and the downstroke more prolonged and
notched at 1ts midpomt It seems as 1f there 1s a hesitatton on the down-
stroke where the 1soelectric line might have occurred It makes one thmnk
that each aunicular cycle begins at this pomt and that the entire complex
1s diphasic rather than beginmung etther at the top or bottom of these P
waves The flutter waves are continuous, as one cycle ends the next begmns
There 15 also a stmulanity between the flutter waves 1 different patients
In untreated patients there will generally be found 2 2 1 heart block,
every second beat failing to reach the ventricles The aunicular rate may
be 320 and the ventricular 160 It therefore may be dufficult to distinguish
the auricular waves or count their rate because they become superimposed
on the v i pl With one learns to detect flutter
from the app of the el d but 1f there 1s any doubt as
to the underlying mechantsm vagal sumulation can help to identify the
condition (Fig 71) In Figure 65 1t may be questioned whether there are
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one or two auricular complexes between each ventricular bear However,
when the ventricles are mhibited for a short period of time by pressure on
the caroud smus (Fig 66) or by digitalis (Tigs 67 and 68) 1t 15 then possible

S W i A i
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Fig 67 Auncular flutter The P waves are regular, rate 208 the ventricular
complexes are regular rate 52 thereis a 4 1 block Note trangular form of P
waves 1 Leads I and III The slow ventricular rate resulted from digialis
(Author & arucle in Oford Loose Leaf Medictne vol 11)

to see the flutter waves undisturked The true rapid rate easilv becomes
apparent and 1s found to be twice the original ventricular rate The con-
tinuous activity of the auricles 1s also readily visuahzed from such tracings

Fig 68 Auricular flutter The ventnicular beats (R) come iregularly but be
cause of responses to regularly beating auncles (P) there 1s equal grouping of
beats 1e not an absolute wregulanty (Authors article m Owxford Loose Leaf
Medicwne vol I1)

The rhythm of the auricles 1s stnkingly regular The ventricular rate
and rhythm will depend on the degree of heart block When there1sa2 1
block, as 1s commonly the case, the venmcles will necessanly be perfectly
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regular contiguous ¢ycles not varying rmore than 0 01 second m length,
Just as in paroxysmal auricular tachycardia We now have three conditions

i
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Fig 70 Aurcular flutter with extremely rapid flutter rate The patient was a
54 year old woman who developed auricular flutter with a flutter rate of 440 and
a3 1 response during 2 thyroid storm Note slowing on nght carotid sinus stim
ulation disclosing characterssic sharp ascent and interrupted descent of the
flutter waves Extremely rapid rates in thss range are only rasely recorded

Fig 71 Value of carotid sunus 1? 1 deciph an ab ] auricular
rhythm The pauent was a 68 year old man with an acute myocardial infarction
The electrocardiograms (upper set) showed 2 ventricular rate of 136 An upward
deflection parucularly well seen 1n Lead 1T was interpreted by one observer as
auncular flutter by another as paroxysmal aurscular tachycardia with block
Rught caroud sinus stnulation (lower tracing) shows that what was thought to
be a P wave was actually part of the QRS complex Precordial leads showed this
secondary R wave to be an evidence of night bundle branch block,

that mught account for a rapid regular heartrate 1 e » normal tachycardia,
auricular tachycardia and aunicular flutter It often 1s possible to distn-
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guish these at the bedside If the regular rate that 15 counted at the apex
15 190 or more, the condition 15 most likely paroxysmal tachycardsa, for a
normal tachycardia rarely reaches that high level, the condition 1s not
likely to be auricular flutter because the auncular rate would have to be
380 whuch 1s too fast, or 190 which 1s not only too slow but would necessi-
tatea ]l 1 mecharsm which occurs but is extremely rare (Fig 69) 1 have
only rarely seen 1nstances of flutter with auricular rates of 380 to 440, twice
dunng a thyroud storm (E1g 70) and once during lobar pneumoma It must
be remembered that on auscultation only the ventricular beats are heard,
as the auricular are inaudible Furthermore, 1f vagal sumulation produced
by breathung, caroud pressure or ocular pressure termumnates the rapd rate
completely the condition must be paroxysmal tachycardia for neither nor-
mal tachycardsa nor flutter ever respond 1n thus fastuon If the ventrieudar
rhythm 15 temporanly disturbed and slowed, the diagnosis of aurcular
tachycarcha 1s ehminated for in the fatter the tachycardia either would be
unaffected or would disappear entirely When the ventricular rate 1s slowed,
therefore, the condition may stili be either fiutter or normal acceleration
(Figs 66and 112) The length of the heart ¢y ces duning these imterruptions,
the method by which the rapid rate 1s resumed and other factors may then
disunguish the one from the other During the long pauses if frequent
auricular waves can be seen 1n the yugular pulse, auricular flutter 15 present
Simularly this will be the diagnosis if the heart rate at any tme, even if for
very short intervals, 1s found suddenly to be halved Figure 74 tlustrates
the response of vanous types of rapid heart action to vagus stunulanion
produced by caronid smus pressure From such observanons one 15 enabled
to disunguish one rype from another by simple bedside examnaton
When digitalis 15 given to a patient with auncular futter the ongwal
degree of block 1ncreases Instead of every sewond, only every fourth beat
may reach the ventricles (Fig 67) The ventnicular rate will now necessasiy
be perfectly regular and slow If we assume the ongmnal aurscular rate to
have been 300, and the ventricular 150, the auricular rate will be the same
but the ventncnlar 75 When a panent 3s seen for the first ime under such
circumstances the underlying mechamsm can easily be overlooked for one
would not suspect that the rhythm were abnormal with a regular rate of
75 If one thought about the possibility of auncular flutter, one mught
search for and detect pumerous auricular way es 1 the jugular vemns because
the auricles are contracting constantly Of greater help than this 1s to have
the patient exercise a bit The heart rate may be found to jump suddenly
to exactly twice 1ts former rate for a short ime, 1 & , the onignal 2 1 block
returns, or an irregulanty will develop that will lead to the proper diagnosis
A further effect of digitals 1s that the ventricular rate may become irregut
far The degree of block then vanes Sometimes every second beat or every
third ot fourth beat comes through to the ventricles (Fig 68) The wrregy
lanty may seem to be gross and resemble the total irregulanty of auricular
fibnllation On careful examanation, however, it will te found that there
still remams a dommant rhythm, as the ventricles respond to regularly
beatng auncles Grouping of beats will occur that are of equal lengths,
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snasmuch as they correspond to equal numbers of auricular cycles (Fig
68) Thus distmguishes 1t from auricular fibullation

Unlike paroxysmal tachycardia which generally occurs m otherwise
normal hearts, auricular flutter 15 apt to be associated with orgamc heart
disease, erther valvular or myocardial although 1t can manifest atself as a
purely functional disturbance It may occur m the form of paroxysms
fasting hours or days and be transtent, but more often once established 1t
15 permanent unless the patient 1s treated It can persist for many years
It owcasionally develops durng coronary thromboss, hyperthyroidism,

Fig 72 Auncular flutter (response to digitalis) Upper set shows aunicular
flutter with 2 1 shythm auncular rate 300 ventricular rate 150 second set
shows flutter with 4 I rhythm auricular rate 300 ventnicular 75 thurd set shows
auncular fibullation with ventricular rate about 75 lowest set shows normal
thythm rate about 95 The patent recenved 04 gm digitalis orally on February
13 1940 and 06 gm on February 14 1940 then digrals was onutted Thus
patient was 63 years old had rutral stenosis and insufficiency with marked dyspnea
and palptation
tk fever, p ditss of other or as a ter-
munal event mn chronuc nephritis

The aun 1n the treatment of patients with auncular flutter 1s to restore
the normal rhythm or, 1f this 15 1mpossible, to keep the ventrcular rate
slow When digiralis 1s grven, 1n about one third or a half of the cases the
following changes will take place Furst the venmcular rate slows, the
futter contnuing Then after several days the mechanism changes to
auncular fibnllanon If the digitals 1s omutted at tus pomt, a normal
mechamusm may quickly be reestablished (Fig 72) Often the flutter con-
tinues on digitahs therapy with a slow ventnicular rate or the fibnllation
that develops persists It 1s preferable to have the laster rather than the
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former condinon Quinidine 15 also a valuable therapeutic agent 1n auric-
ular flutter On increasing doses the auncular rate will actually slow, at
times to well under 200, while the effect on the ventnicles wall vary The
ventricular rate may be slowed or accelerated With the dimimshed rate
of the auricles a larger proportion of the beats may reach the ventricles
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Fig 73 Effect of qumdine on auncular and ventricular rates 1n auricular
flutter The pauent was a 38 year old man without evidence of organic heart
disease who d of spells of for three years occasionzlly asso-
ctated with syncope 4 Leads 1 II and III on admussion before qumdine
Auncular flutter with 2 1 response Aurcular rate 270 B Second day On
diptfoln Aunicular flutter with varying (2 1,4 1) response Auncular rate 270
C, Fourth day after imcreasing doses of qumdine (05 to 15 gm ) for two days
Auricular rate 236 Ventricular tate 118 Note that the venurcles have speeded
up while the auricle have slowed This 1s a frequent finding and apt to be alarmung
but the drug should be conunued despite this D Fifth day Auncular rate 200
E, Seventh day Auncular rate 182 F Tenth day Sull on qumdine Normal
sius thythm rate 68 Note slowing of auricular rate from 270 to 182 before
reversion to normal rhvthm

(Tig 73) Finally the circus motion 1n the auncles may be broken up and
a normal mechamusm established At times large doses of quunidine are
necessary to accomphsh thus, even as much as 1 5 or 2 gm (22 to 30 gramms)
m a smgle dose (Fig 73) It 1s advisable to try digitabs first, as 115 safer
and 1f 1t does not accomphsh the desired effect, 1t 15 better to have the
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patient digitalized before gving quuudine Patients with auricular flutter
receving drug treatment require careful observaton and should be in a
hospital where the condition can be followed wath frequent electrocardio-
graphic records

Aurscular Fibrillation

‘The highest degree of auricular disturbance 15 called auricular fibrilla-
ton In this condition the number of auricular impulses 1s very great 1350

e

D42 042 GA ML Y ¥SZ Oud B GO
T
]

il

f K EY)
: [RE|
,JMFMH {1 H‘”“

Pl
Jizy i
"

YA

3503309 a5 5038 435 k¥

gy
ass aq

Fig 74 Effect of vagal sumulation Atrows 1 each tracing indicate duration
of carontd sinus pressure Numbers mdicate duranon in seconds of respective
heart beats First set shows normal gradual slowing 1 nermal rhythm Second set
shows gradual slowmg with gradual return in normal tacky¢ardia Thurd set shows
nstant cessauon of an attack of paroxysmal euricular tachycardia Fourth set
shows temporary slowing of the ventricles with wrregular return to the ongmal
rapid rate W aurscidar flutrer Note that the auncular rate remamns wnaffected
Fifth set shows temporary slowing of the ventricles 1n aurtcular fibrillation with
return of onginal grossly irregular rhythm Last set shows no effect i ventrcular
J? ardia slight These effects charactenize
each type of mechamsm

or more The mechanism, as has been described, 15 due to a crrcus moton
an which the path 15 1mpure and srregular The auricles do not actually
contract, but rather remain distended i diastole and show fibrillary twatch

g There 1s no constant pathologic change m the auncles to explam
auricular fibnllation and at present 1t 15 regarded as a funcuonal derange-
ment accompanying a vanety of states The conditton can be easily repro-
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duced 1n the experimental anmmal by faradizing the aurcles and I have
had the opportunity of seemng 1t 1n the hving human heart 1n a panent with
adherent pericardium who was undergong a pencardral operauon The
number of auricular impulses 1s so great that only a portion of them can
be conducted through the juncuional tissue Therefore, there 1s always

i =

Fig 75 Auncular fibrillation Effect of digitalis The upper three leads were
taken July @ 1935 Note the gross arregularity of the ventricular beats (rate 147
the absence of the normal P wave and the presence of the auricular fibriitary waves
(£ ££) rate 391 The lower shree leads taken July 10, 1935 after 15 gm of digutslis

were given show 1 but the Jar rate 15 now 60 and
still irregular The patient had mutral stenosts and decompensatton

some degree of heart bloch associated with auncular fibnillation The ven
tricular response 1s grossly irregular, short cycles and longer cycles occur
ring without thyme or reason The peripheral pulse 1s necessanly yrregular
both 11 tume and yn force of contraction In the past 1t has been called PCI"
petual arrhythmia, absolute or total irregulanty, and debrum cordis In



CLINICAL ELECTROCARDIOGRAPHY 407

more recent years the true nature of thrs disorder has been clanfied and
the term  aurtcular fibnllanon’ given to 1t

It follows from the preceding description that whatever results from the
normal presystolic contraction of the auricles would disappear when fibrilla-
tion develops In the el diogram the normal I’ wave will be absent
and mstead there will be found irregular rapid fibrilfary waves (f -f) for
the most part throughout the cardac cycle, as the auricular actvity 1s con
tinuous There will also be a totally 1rregular ventricular response (Figs
75 to 82) Inasmuch as the impulses that succeed n reaching the ventricles
travel down the normal aunculoventricular conduction path the ventricular
complexes are normal 1n form These three features of the electrocardio-
gram, 1 ¢ , the absence of the P waye, the presence of fibrllary waves and
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Fig 76 Aurcular fibnllanon Note the absolute irregulanity of the ventricles
the rapid fibnillation of the auricles (f £ £) and the absence of the normal P waves
V ndicates ventricular extrasystoles The pauent had no heart disease and the
rhythm became regulat on increasing doses of qumdine

the gross irregulanty of ventncular beats make st quite simple to rdennfy
aurrcular fibrillation Sometimes the fibrillary waves are quite prominent,
especually 1n mitral stenosss, and they may resemble those seen 1n auricular
flutter It would seem as if the crcus motion 1n places becomes almost
perfectly regular Furthermore, these fibnllary waves may be entirely
absent mn one or more leads (Fig 77 Lead IIT) Occasionally the dastolic
wmterval 1s perfectly smooth i which case the diagnosss of auncular fibnlla

tion will rest on the other cntena or on talung esophageal, precordial or
special auricular leads Finally under certam circumstances, although the
auricles are fibrillaung the ventricles contract regularly (Fig 82) In some
cases when digitabs 1s admumstered this takes place It is thought that
complete heart block results and while the aurtcles continue fibrillating
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Fig 77 Auricular fibullauon Note the absolure wregulanty of the ventricles
and the absence of the P waves The fibrillary waves (£ f f) are practically mvisible
1 Lead IIT and very small in Leads 1 and I1 The patient had mutral stenosts and

decompensation (Author s article mn Oxford Loose Leaf Medicme vol I1)
-

Fig 78 Auncular fibnllanon paroxysmal The upper tracng shows typical
auricular fibrillation with an 1rregular ventrscular rate of 157 The Jower tracing
taken a few days later shows normal auncular contractions (P waves) rate 85
“There 15 one premature auncular beat (A,) (Author's article 1n Oxford Loose

Leaf Medicine vol 1)
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the pace 15 set for the ventricular rate at the auticuloventricular node or
juncronal tissue When this takes place as a result of digitalss, the Tegular
ventricular rate of complete heart block 1s not the slow one customanly
seen 1 Adams-Stokes disease On the contrary, the rate will be 55 to 70
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Fig 79 Aunculzr fibrillanon Effect of quumdine Upper three leads taken June

19 1935 show typical auncular fibnllanon Lower threc Jeads taken June 28

1935 show a pormal rhythm Increasing doses of qunsdine sulfate up to 05 gm 5

‘had been given in the meantime Contrast this with the effect of dipitahs Figure
75 This panent had no orgamc heart disease

or more and on increasing the dose may exceed 100 In fact, 1f digitalis 15
continued 1n large doses a fatal intoxicanion may result The important
ference from thus 15 that when a patsent with auricular fibnllation develops
a regular thythm while taking digitalis the change may be due esther to a
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resumption of the normal rhythm or to the development of this peculiar
type of complete heart block On rare occasions true spontaneous complete
heart block with a ventricular rate of 30 may be associated with auncular
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Fig 80 A \it Effect of Upper three leads are typical
of auricular fibnillanon Jower three leads show a normal thythm Regulanzaton

occurred the mormng after three doses of 03 gm of quudie sulfate were given
The patient was a man 25 years old with mutral stenosis and aoruc insuffiaency

fibrilation This subject 1s further considered below 1 the discusston of
digualss toxicis

From 2 clinical pomnt of view auncular fibnillation 15 the most ymportant
of all disturbances in the mechanism of the heart beat Tt 1s extremely com~
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mon 1t prod considerable disability if d and responds very
sausfactonly to freatment It occurs 1m the transtent (Fig 78) as well as 1
the permanent form When paroxysms occur they generally last several
hours or a day or so When the 1rregulanty has lasted for about 2 week 1t
may be expected to persist mdefimtely unless specific measures are taken
to restore the normal mect The most d with which
1t 15 assocrated are rheumatic valvular disease with mutral stenosts, hyper-
tensive heart disease, coronary artery disease and hyperthyroidism Ir occa-
sionally develops suddenly during acute mfections like pneumomsa and
rheumatic fever It 1s common during the early days followmng an acute
coronary thrombosts Gallstones are not infrequently found 10 some of the
elderly mdividuals who have the transient form of aunicular fibnllauon, but
whether there 1s any assocration between the two conditions 1s not certamn

On rare occasions auricular fibrillation develops as 2 result of digitalis
therapy Finally, 1t may be present erther as a paroxysmal or as a permanent
phenomenon 1n otherwise healthy mdividuals Thos latter group of patients
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Fig 81 Auncular Effect of ! Upper curve shows
aunicular fibrilauon m Lead 11 when pauent was thyrotoxic The lower curve
was recorded one month later when evidence of thyrotoxicosss had disappeared
and normal sinus rhythm had been restored following the daily oral admimistration
of propyltiuouracil 200 mg daily
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1s an important one and curiously most of 1ts members are males Paroxys-
mal aurtcular fibrllation 1s more than 15 pposed It 1s
particularly charactenistic of hyperthyroidism and may be the smgle clue
that leads one to this diagnosts Tnfact 1t 1s wise to suspect hyperthyrowdism
whenever a transtent spell of this irregulanty occurs
The bedside recogmtion of thus condition 1s generally simple A rapid

apparently grossly urregular heart with an appreciable pulse deficit (the
count at the apex bemg 10 beats or more greater than at the wnst) 1s due
to auncular fibrillation mine umes out of ten The common assocration
between a past history of rheumatic fever or chorea, the presence of mitral
stenosts, and ausicular fibnllation enables one to predict the presence of
one of these three factors if the other two are known to exst If 2 patient
had rheumanc fever and shows signs of mutral stenosis then a grossly irreg-
ular heart 15 almost always due to auncular fibnllation If ths irregulanty
1s present and there 1s a history of rheumanc fever, there probably 1s mitral
stenonis Funally, 1f the patient has mutral stenosss and auvreular fibrillation,
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Fig 82 Auncular fibnilanon with regular ventricular shythm The upper curve
shows the typical gross irregulanty The lower three leads were taken after com
plete digitalization and show that the fibnillation continues although the ventriles
are perfectly regular 1¢ probably complete heart block of the towc type duc to
digreabs (Author s article tn Oxford Loose Leaf Medicine, vol 11}

he has been rheumanc whether a postive history can be obtawned or not
Exceptions will be found for these generalizations but 1t 1s surpnstag how
frequently they will be vahd

When auncular fibnllanon first develops the ventrieular rare 15 quite
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rapid except n rare mstances m which some defect 1n the junctional tissue
already 15 present When digitalis 1s given it slows the vehtricular response
Figure 75 shows such an effect the ventricular rate falling from 147 to0
about 60 m twenty four hours after 3 large dose of digitalis was adminus-
tered It must be borne 1n mnd that the fibrillation of the aurrcles persists
Digitalis does not stop the fibnllation, 1t merely prevents many of these
rapid beats from reaching the ventricle through its vagal mffuence on the
conduction ussue Physicans are too mnchned to use the expression that
the fibrillation 1s less  when what 1s meant s that ventricles are slower or
less tumultuous The fibnllation of the auricles 1s exther present or absent,
from a practical pomnt of view there are no degrees of fibrillation When the
ventricular rate slows however the pulse defieit dimunshes and may en~
urely disappear At this time the bedside rule of thumb s no longer diag-
nostic If a physician first sees a patient under these circumstances, the
dragnosts 1s more difficult and must be made on other criteria Irregularities
of the heart beat and of the pulse though shght will still be present The
condition may resemble other arrhythmias Exercise may accelerate the
rate and make the more characterisuc features return Rarely will 1t be
necessary to have electrocardiograms before a final dectsion can be made
There 1s one additional clingcal finding that may help to distinguish fibnlla
tion from a very rrregular rhythm due to numerous extrasystoles In both
conditions cycles of short, long or medium duration may occur at various
umes In irregular rhythm due to extrasystoles 1t will be found that with
extrasystoles all the Jong pauses are preceded by quick beats because they
are compensatory The same auscultatory phenomenon 1s present with
auncular fibrillanon However, 1f one listens long enough and hears a sud-
den pause not preceded by a quick beat, this points to aunicular fibritlation
(See the fifth heart cycle in Lead II, Fig 77) In other words, a sudden
lengthening of the heart cycle after a beat of normal length 15 more charac~
tenstie of auncular fibrillation than 1s a sudden shortening of the cycle
The customary treatment for patents with auncular fibrillation 1s digi-
talis The purpose 15 to slow the ventricular rate and if this slowing does
not result from adequare dosage, one may nightly suspect the drug 1s not
sufficiently potent or that the patient has hyperthyroidism Ordimanly the
slowing 15 marked and may be compared 1n 1ts specific effect to the acnon
of qunine 1n malana Furthermore, no simar slowing can be espected
from digitalis on a normal tachycardia This explams why some cardrac
patients improve after fibrillanon develops, for the digtalis that had been
given previously without effect only then begins to slow the rate
Qunudine on the other hand, 1s used at times to treat patients with
auncular fibrillation (See Chap 20) It 15 used less than formerly but
occasionally 15 2 very valuable aid to our treatment The purpose here 15 to
restore the heart to a regular rhythm (Figs 79 80) It does so by lengthen-
g the refractory peniod of the aunicular musculature so that when the
wave completes 1ts circt 1t finds the tissue ahead of 1t still refractory and
the arcus ends, permutung the normal pacemaker to send out 1ts mmpulse
and reestabhish ascendency over the beat of the heart The reason that
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qumdine does not always break up fibriftanon 15 that 1t also sfows the
speed of the impulse, which would tend to perpetuate the arcus moton
by allowing sufficient nme for ussue to recover from its refractonness When
the first effect predominates fibnifanon ceases, when the latter predomunates
st continues Quinsdine 35 particularly useful 10 restonng normal thythm
1f there 15 no orgamc heart disease and i 2 few other selected caser of
auricular fibnilaton

Ectopic Aursculoyentricular (Nodal) Beats

Abnormal beats may anse in the sunculoventricular node ot 1n the bun-
dle of His The pacemaker in the junchional tissue may control the thythm
of the heart for long peniods of time (Figs 83, 84) or only 1solated beats
may anse (11g 86) The impulse wall wravel down the ventricles through
normal pathways and therefore the ventncular compleses will be normal
It reaches the auncles, however, in a reversed direction and so wiil produce
abnormal P waves The auncular contraction may take place shortly before
or after the ventncular, dependng on which recewves the impulse fiest 16

Fig $3 Nodal thythm Note thor the P waves have a peculiar form and that
the P R ynreryalss very short (0 06 second) The ventricular compleves are normal
Tius paent had acute rheumatie carditts

the focus 15 near the top or auncular end of the node, 1t will reach the
aumcles quickly, but the P-R mterval wall be shorter than normal If the
focus 15 lower down, the venmcles will respond before the auricles and an
R-P rather than a P-R interval results (Fig 84) At times withn the same
tracing varying positions of the P wave will be found, sometimes before or
after or even simultaneously with the R wave At other tumes the onigin of
the beat may vary i dfferent parts of the smo auricular node and alse 10
the aunculoventricular node, or one node may compete with the othet 1
controlling the beat This condition 18 called 4 wandering pacemaker and
will dsplay different shapes of P waves (Fig 85) The normal beat from
the sino-auncular node may produce aurscular contraction before 2 nodal
1mpulse reaches the auricles In this case the Tegular sequence of the I!
wates zemans undistarbed although the p nodal beat occurted
(Fig 86) The auriculoyentneular node often escapes whenever there s 2
long pause of the normal pacemaker, because it has 1ts own 1rrytabibicy and
rhythmiaity which 1s then permitted 1o mamifest itself
Nodal thythms have no great chmeal signuficance and cannot be sdenn

fied without graphic methods They may occur during anesthesia, deep
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breathing or vagal sumulation and can be produced by certam drugs There
are no practical diagnostic, prognostic or therapeutic problems nvolved
1n thus type of wrregulanity

Althourygh nodal beats cannot be accurately identified without graphic
methods, when a sertes of such beats arise and the relation of aurzcular and

Fig 84 Nodal rhythm The upper three leads show P waves of a pecular form
comung at a constant imnterval after the R waves (R P nterval of 023 second)
The lower three leads show a return to the normal shythm with 2 P R mterval
©of 022 second The patient had alcoholic cirrhosis of lver

ventricular systole keeps changing one may suspect the presence of this
type of arthythnua by detectng a changing quality or ntensity of the first
heart sound Thus alteration 1> the result of the differences 1n the position
of the aunculoventrcular valves at the moment ventricular systole occurs
A similar mect for 1n the quality of the first heart
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i I A U
Fig 85 Wandering pacemaker The first four beats arise 1n the sino auricular
node the last four 1n the aurculoventricular node The ntervening (fifih) beat
shows a flat P wave representing composite activation of the auncles from both
the sino auricular and auriculoventricular nodes, so that the upper part of the
auricles 1s stumulated from the smo auncular node and the lower part of the
auricles from the auriculoventnicular node This then 1s a combination or fusion
auncular complex This d of the ker from one
node to the other 1s one form of d ker The pa; ker may also
wander from the upper to the muddle or to the lower part of the sino auncular
or of the auriculoventricular node

R iR i

E:3i%e

Fig 86 Premature nodal beat Note that the premature beat whuch arises m
the aunculow ar node d av complex of normal form
The aunicutar rhythm 15 undisturbed as the P wave comes exactly on ume There
was no heart disease here

rate of 201 Note that P waves seem to occur at the R T junction The second
set shows normal slow rhythm Some of these attacks were stopped by caroud
sinus pressure The patient was a man 54 years old with tubercular constrictive
penicarditts and obliterattve pleurits

sound 1n other archythmas, for this sound 15 mamly, if not entirely, due
to the snap of the auniculoventricular valves
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Paroxysmat Nodal Tachycardia

One would presuppose that a paroxysm of tachycardia mught anse from
the auriculoventricular node or juncrional tissue just 2s 1t does from the
aurcles or ventricles It 1s difficult to be certain of this for when such a
tachycardsa displays sbnormal P waves 1t cannot be determmed whether
such waves are the result of impulses ansing 1n the auricles, in which case
1t really indicates paroxysmal aurrcular tachycardia or whether they come
from the auniculoventncular node It 1s almost impossible to identsfy which
ventricular complex 15 related to the particular P wave (Fag 87) In Figure
62, although at first sight this was regarded as paroxysmal nodal tachy-
cardra, attention to the last beat in the paroxysm shaws that the final ven-
tricular beat 1in the paroxysm does not show an mverted P wave immediately
after the QRS complex It s thus apparent that the mverted P waves fol
lowing each of the other QRS complexes mn the paroxysm 15 not retrograde
from the ventricles but rather 1s conducted after a long P R interval (0 24
second) to the ventricles as the succeeding QRS complex From a chimcal
pomnt of view whatever has been said about paroxysmal auricutar tachcardea
applies to the condiron that mught be called paroxysmal nodal tachy-
cardia

Ectopic Ventricular Beats

Extrasystoles anising 1n some ectopic focus 1 the ventricle are extremely
common (Figs 88 to 95) Thus arrhythmea 1s generally the cause of what

Fig 88 Premature ventncular beats probably ansing from the I
The pormal shythm 1 by vempculn compieces havng
a deadedly abnormal form (V') Note that the regulanty of the auncular beats

(P) 1s not interrupted although some are buried with the extrasystol
had neuroairculatory astherua yicle The pauient

the physician calls an  intermuttent pulse  ‘Ths latter expression should
be given up because itermuttence of the peripheral pulse can be dueto a
vanety of disturbances of the heart beat, which can be properly diagnosed
on ausculiation of the heart In ths condition the heart 1s beating regularly,
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when suddenly a quick beat 15 heard followed by a pause The premature
beat 15 the extrasystole and may occur so earlv i the previous diastole that
the pressure and volume of blood 1n the ventricles often are not great
enough to produce a pulse at the wnist (Fig 93) and occasionally may not
even open the aoruc valves In the latter case only one heart sound may be
heard over the precordium for that particular beat I have even observed
mstances 1 Which ventricular extrasystoles would be seen to occur while
electrocardiograms were bemng taken which were entrely maudible durng
auscultation that was performed simultaneously

il
l.g

it HiH

Fig 89 Premarure ventricular beats probably amsing from the nght ven
tracle Note the e wit 1 il (Vy) They
are only very stightly premature so that they actually foltow the P wave This

patient had congental heart disease

The spread of the inpulse from the ectopic focus through the vcnm(ilc
15 abnormal and so the ventricular complex wall be bizarre (Figs 88 to 95)
The direcuon the waves will take will depend on whether the impulse
anses n the left or nght ventricle and 1n the basal or apeal region In
general the complexes are broad, coarsely notched and the T waves extend
1 the opposite direction to the mamn mtal ventricular deflections Inas
much as the ventricle contracts prematurely, the norma! auncular beat
cormng down about the same time finds the ventricle refractory so that 1t
cannot respond agam There follows then a pause unul the next normal
auricular beat This pause 15 completely compensatory for the rhythm of
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the pacemaker 1s not disturbed and the duration of the two beats including
the Em—asystole 15 equal to two normal heart cycles (Fig 90, Lead II) The

extrasystoles (V ) comung regularly after two normal beats Thus patient had no
orgamic heart disease The length of normal cycle 15 0 69 second The length
of the two beats mcluding the extrasystole 15 just twice the normal beat 1 40
seconds Therefore the pause 1s completely compensatory

Fig 91 Premature ventricular beats Trigemuny Note that after each normal
beat there are two consecutive extrasystoles (V) followed by a compensatory
pause The auricles (P) continue regularly The patient had rheumatic valvular
disease (Author s arncle m Oxford Loose Leaf Medicine vol II)

P wave 15 often lost in the ventricular complex (Fig 90) or may appear
before or after the QRS waves (Figs 88 and 89)

These beats may occur very rarely so that the physician 15 unable to
detect them at the ume of hus examnation or they may be frequent They
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Fig 92 P v lar beats B; ‘The upper three leads show
ventricular extrasystole (V,) occurnng after each normal beat and the lower
hree show an auncular extrasystole (A,) producing m both cases a coupled
hythm Note the abnormal form of the ventncula complexes above and the
ormal ventricular complexes below with aurtcular waves of abnormal form
Yrgamc heart disea ¢ was present in neither case

1y come every second beat (bigeruny) (Fig 92) or every thurd beat
mgemuny) (Fig 90) Sometmes they come 1n succession so that there
13y be 2 run of two or more extrasystoles producing cunous types of
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wrregulanty (Fig 91) When they anse m different parts of the ventricles
they will have various forms (Fig 95) Such a condition 15 apt to be asso-
crated with serous heart disease

Occastonally ventricular extrasystoles are interpolated berween two
normaj beats The heart 1s beating 50 sowly and the premature beat occurs
5o carly m diastole that the next normal auricular impulse finds the con
duction tissue and the ventricles ready to respond (Fig 96) There 1s no
compensatory pause and nstead one hears three rapid beats, the second
one of which 15 the extrasystole Another possible explanauon of this
mechamssm 15 that the impulse from the venmicles travels through the
junctional ussue to the aurrcles mn a retrograde fashion and starts a new
impulse at the normal p ker O lly the beat foll the
interpolated ventmculer premature beat displays prolongation of the P R
mterval or of the QRS complex (ventricular aberration) and the interval

S S S = ———
Fig 93 Premature ventricular beats bigerminy auricular fibnillanon Fvery
second beat 15 a v w tar fib 18 present
but the normal ventnicular beats come regularly 1e complete heart block Such
curves sesult from toxic doses of digatahs Lower tracing 1s from the brachml
artery and shows that the extra beats do not reach the wrist Apex rate 60 pulse
rate 30 {Author s artcle in Oxford Loose Leaf Medicine vol 11)

between the beat before and the one after the extrasystole may be longer
than the regular beats (Fig 96)

Ventricular extrasystoles occur very frequently m mdividuals otherwise
normal They are also common in those having organic heart disease but
the diagnosis of structural disease of the heart will have to rest on other
criteria than the wregulanty When they are numerous and the patient
requires digitahs for heart faiture they sndicate a grave outlook for 1t 15
more difficult 1o admumster as large doses of the drug as would otherwise
be possible In fact, digitalis m Iarge doses often produces ventricular
extrasystoles, especially m the form of digitalis coupling (Figs 93, 94),
even if none were present before the drug was used Coupling may occur
whether the rhythm was previously normal, 1n which case the P-R mterval
may also be delayed (Fig 94) or 1f auricular fibnilation was present (Fig
93) When thus occurs 1t indicates a towic effect of digitalis and the drug
must be omutted or the dose should be drmmshed Couphing due to extra-

systoles however, may occur without digitalis and even m the absence of
heart disease
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Ordmardy 1t 15 not difficult to recognize extrasystoles at the bedside
When they are numerous they may resemble auricular fibrilfation but they
may generally be differenuated by the method discussed 1 a previous

Fig 04 Digitalis coupling Bvery second beat 1s a ventricular premature best
with the typacal form The aunculo? i tme or P R
nterval 1s markedly delayed, measuring 0 42 second Both of these effects ar;
typical of digitabis intoxcauon Note the cupped depressed RS T segments °d
the normal complexes typical of the effect of digitalis (Author s arucle 1 Oxfor
Loose Leaf Medioine vol I1)

p ph It 15 regarded as impossible to distinguish auncular from ven-
tricular premature beats without graphic methods One may obtam certan
suspicions that help to 1dentfy the one from the other If the observer 1aps

with tus foot 1n rhythm with the regular beats, and continues the same pace
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when the extrasystole occurs the foot will come down synchronously with
the followng beat 1f 1t 1s a ventricular extrasystole This will generally not
be so 1f 1t 15 aurtcular because the post-extrasystolic pause 1s not completely
compensatory Furthermore the character of the sounds 1s different 1n the
two types An auricular extrasystole sounds more Jike the normal beat, only
comng p ly A lar extrasystole has a pecular chcking
sound which 1s different from the normal first heart sound of the partcular
patient, because the ventricles are apt to be contracting sumultaneously
with the auricles or at least in an abnormal relanonship to auncular systole
This results 1 another disungshing sign that may be ehated The fact
that the auricles contract while the ventricles are in systole makes the
auncular mpulse m the jugnlar pulse more prominent and one may see
alarge a wave mn the jugular vem This takes place because the blood
from the right auricle 1s prevented from going into the nght ventricle and
1s forced back through the superior vena cava However, when 1t 1s mmpor-

Fig 95 Muluple and multsfocal premature ventricular beats Following each
normal beat (R) there are ventricular premature beats having varymg forms
(V. Vy V) These beats anse in different foca in the ventricles or have different
conducuen paths Such beats serve as]a very important clue to digitabs over
dosage but may at times be recorded in other conditons such as myocardial
farcuon (Author s arucle 1n Oxford Loose Leaf Medicine vol 1II)

tant to 1denufy the type of extrasystole with certamty graphic methods
will be necessary
The mam symptom that ss produced by ventricular extrasystoles 1s palpy
tation Ths will be variously described by different mdividuals and gen
erally the diagnos:s can be made from the history stself The various expres-
stons used are  skipping of the heart 2 sudden flop or hesitation,  the
heart flutters for an instant and then stops,  a thump n the neck or chest
(probably due to the beat after the pause which 1s always 3 Vigorous con-
traction), a sudden sinking or famt sensation or a wave, and other terms
often very graphic 1n therr description Occasionally 2 momentary darting
pan occurs with each extrasystole In many mdsviduals they produce no
and then are d 1y found on Thus 15 more
commonly the case m stout patients and 1n those who are more phlegmatic
It seems that with a thun chest the somatic disturbances within the chest
cavity are more readuly felt They are most frequent and most troublesome
atrest, especiaily while a pauent 1s trying to fall asleep and often are entirely
absent dunng physteal activsty This may be due to the fact that as the




424 CLiNICAL HearT DIsEASE

heart slows with rest, the diastolic pause lengthens and there 15 2 greater
opportunty for 2 premature beat to anse during longer than duning shorter
pauses There are other neurogenic factors that determine the development
of these beats at one time or another apart from the heart rate There 1s no
doubt that emotional disturbances can be responsible for their presence

The following experience 15 quite illustrative This man who had the rypical
complamnt of skippmg of lus heart did not happen to show any irregulanty
duning my examnation The symptom first began after the death of hus
child mne months before While his electrocardiogram was being taken
and the heart was beating regularly I asked him what 1llness hus child had,
and as he began to speak about hus child the extrasystoles appeared This
fits 1n very well with the physiologic work showing thar there 1s a center 1
the hypothalamuc region which controls ventricular extrasystoles

T g T B s AT
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beats Upper tracmg shows a single
V) lated between two normal beats Lower curve
shows both an lated v I t tole and an extrasystole followed
by the customary compensatory pause The first patient had no heart disease the
second had angina pectoris

There 1s another type of ventricular extrasystole that only develops on
physical effort In general this 15 more serous and may even predispose
to the development of ventricular tachycardia on effort Occasionally 1
certain mdwiduals they are produced by coffee or smoking More often
when this 15 thought to be cause and effect, carefully controlled observa-
tion will show that there 1s no such relationship Often no known cause can
be detected for their presence

As 1o treatment, 1t 15 best for the physician to regard ¢xtrasystoles hightly
The patient should be clearly told that they have no serious significance
and do not mean heart disease Some persons have them all therr hives and
are not handicapped thereby Such mdividuals should not be restricted
in their acuvities unless there 15 some other reason for such restriction
When estrasystoles produce no symptoms no medscation should be advised
When they are troublesome qumnidme sulfate 0 210 0 3 gm (3 to 5 grams)
two or three tumes a day or taken Just before they usually occur may chm-
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imate them entirely Occasionally moderate doses of digitalis, curtously
enough, also mhubit extrasystoles Strychnne (0 001 gm —2; gran—three
times a day) has also been recommended In some cases I have found that
the extrasystoles disappear when the patient 1s given 2 0 gm (30 gramns) of
potasstum phosphate or chlonde three times a day Atropine sulfate may
drrmimish vagal tone and mcrease the heart rate sufficiently to prevent thewr
development In general 1t may be said that when 1t 15 important to ehmin-
ate extrasystoles, one or another of the vanious drugs that are available
will prove effective yn most cases

Paroxysmal Ventricular Tachycardia

An ectopic ventrscular thythm of stll higher grade 1s paroxysmal ven-
tricular tachycardiz This may be regarded as a consecutive senes of ven-
tricular extrasystoles ansing from an ectopic focus 1n the ventricle There
1s much 1n the narure of this mechamsm that resembles 2 circus motion
and 1t may eventually be proved to be a disturbance in the ventricles sumular
to flutter 1n the aunicles Starting as 1t does from an abnormal focus 1n the
ventricles, the impulse travels an abnormal course and the resultant ven-
tricular complex will be abnormal (Figs 97 to 100) Each individual com-
plex resembles a ventricular extrasystole The impulse may travel m a
retrograde fashion up the junctional tissue and produce auricular contrac-
tions Because the rate 1s rapid, there may be a retrograde block so that
only every other ventnicular impulse reaches the auricles At other times
the auricles contract mdependently and follow their own pacemaker in the
sio-auricular node It 1s often 1mpossible to 1dentify the P waves because
they are buried m the QRS-T complexes

It may be difficult to disungmsh ventnicular tachycardia from a rapid
auncular rate with a block 1n one or the other bundle of His (Fig 99) Both
conditions will show simtlar ventricular complexes The finding of 1solated
ventncular extrasystoles while the heart 1s beaung slowly which resemble
the complexes when the rate 1s rapid or the :dentification of P waves that
are not 1n the normal relationshup to the ventricular complexes wall prove
that the condition 15 ventricular tachycardia Figure 99 1s an example of
auricular flutter with bundle branch block which at first sight resembled
parogysmal ventnicular tachycardia In this case the differentiation was
relausely sumple The problem may be more difficult with aunscular fibrilla-
tion and a rapid ventricular rate combmed with mtraventricular block
smnce the rhythm 1s rregular 1n erther auricular fibnllation or ventricular
tachycardia In general, 1t may be said that the rrregulanty 1s much more
obvious and more easily detected 1n aurtcular fibrillation than in ventricular
tachycardia In ventricular tachycardia the iregulanty must generally be
deliberately sought

For some hours or days after any attack of paroxysmal rapid heart actron
the ventricular completes may remam distinctly abnormal showing m-
verted T waves These changes may occastonally occur when the heart 15
structurally normal and therefore cannot necessarily serve as evidence of
heart disease They probably mdicate heart muscle fatgue or local relatiye
anovemua of parts of the ventnicles, but the curves retum to normal even
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tually Lack of appreciation of this will lead to mcorrect diagnoses of coro-
nary or myocardial disease

Fig 97 Paroxvsmal ventricular tachveardia The upper three leads show 2
normal thythm rate 89 The lower three leads were tken the next day durmg
an attack of tachycardis rate 172 Note that the form of the ventrcular w“l:
plexes (RST) changed markedly 1 the corresponding leads There are shight
wrregulanties 1n the length of the heart cycles durmg the tachycardia (Author s
article 1n Oxford Loose Leaf Medicine vol IT)

There are numerous smportant clinscal aspects of paroxysmal vcmr;cula;‘
tachycardia and thus disturbance needs to be differenuiated from other an;x :
of rapid heart acuon It can’occur as paroxysms OF 1t may Feroain permant
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of treatment 15 not mstituted The tate 15 apt to be around 160 to 180 and
very rarely reaches the high levels of 220 or more that occur m auncular
tachycardia Unlike the latter 1t generally accompanies grave heart drsease,
especually disease of the coronary arteries, but 1t may be present as a purely
funcnonal arrhythmia n an otherwise healthy heart Furthermore, there
are bedside methods that enable one to dhagnose thus condion When
paroxysmal, the attacks begin and end suddenly (Fig 98) The rate 15 rapid
but 1n most cases shght irregularities can be detected on auscultation 1n
marked contrast to aunicular tachycardia (Fig 98) Occasionally the rhythm
will be perfectly regular but more ofter, 1f one listens long enough, inter-

Fig 98 Parotysmal ventnicular tachycardiz The upper tracing was made
during an attack of auricutar tachycardia the lower one shows the onset of ven
tnicular tachycardia occurning 1n the same pattent The numbers indicate the

length of the heart cycles Note the absolute regularny of the auricular tachycardia
and the disunct 1r of the v

raptions will be heard The first mne cycles i Fagure 100 are just as regular
as the cycles that occur 1n aurtcular tachycardia but thereafter appreciable
differences 1 the length of the cycles develop that will never be seen 1n
assocration wath the Jatter condition Furthermore, on auscultation shght
but definite differences 1n the mtensity and quality of the first heart sound
wll be heard, which are due to the different relanonship between the ven-
trrcular and auricular systoles in vartous cycles Ths latter auscultatory
finding wnll not be present exther m normal tachycardsa or 1 paroxysmal
tachycardia It also has been pomnted out that the auncular pulsations as
seen i the jugular vein will be fewer i number than the ventricular rare

and some of these jugular pulsanons are particularly conspicuous Finally,
this type of rapid heart acton 1s never mfluenced by any of the methods

used to sumulate the vagus such as caroud pressure, ocular pressure or
deep breathing
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Therapeutscally the problem of ventricular tachycardia 1s peculiar In
most cardiac conditions 1n which there 1s heart failure digitalis 15 ndicated
and a beneficial, or at least not harmful, effect 15 anticipated When this

R IR i Sl

ko T IHH[HIT‘_CTW%IT\EWS TN
e D P T
] EedainaE
e el
) I | 3 i 1Y fl
h T T e T W™ T |
rH 1“ N OO Y I S R B A W A Tl
IFglélaO:gNG DIGITOXIN THERAPY. T -
siuatrEspaEsRnaT: movmITRLC
ﬁ' : E :’ I: .
[ YY)
FOLLOWIN( 'HER _DIGITOXIN THERAPY.
0 21 42 |

1 1

EanwnANE A _ﬁLM_‘J

FOLLOWING GUINIDINE.

03149 LT T ¥}

ERRnRes yd@%@ ﬂ_ﬁ
=TT ST

R EN

i
Vi % jﬁr‘ 7Y B
i L4
N "
|
ettt

Fig 99 Auncular flutter wath bundle branch block simulating paroxy sr:ul v:n
tricular tachycardia Inutal tracings d p: 1y ) sa
but the smooth hump between ventrcular complexes suggested auncular flutter
1n the background Caroud sinus stmulation (Lead II) slowed the ventrcular
rate discl flutter waves 1 g one long pause during induced
slowing normal ntraventricular conduction {se¢ arrow) was produced indicating
that the intras entnicular block was a fangue phenomenon which would be elimt
nated on slowmng the ventricles Following digitoxn therapy aurscular flutter
with slower and varying ventricular response and as anuicipated normal mle:r
ventricular conduction were produced After further digitoxm therapy au;:cu
fibrillation occurred Following quimdine therapy normal siaus rhythm wit :en
tricular complexes charactenstic of left ventncular hypertrophy was produce

arrhythmia 15 present, digitalis will not only fail to improve the situation
but may well worsen 1t I have seen two nstances m which digitalis, on
repeated trals, accelerated the ventrcular rate while the tachycardia “1:5
1n progress and aggravated the state of the arculation Quimdine, on the
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other hand, 15 almost a spectfic drug for this type of tachycardia In most
cases 1t will restore the normat thythm The amount necessary to accom-
plish ths will vary greatly from =2 smgle dose of 03 gm (5 grams) 1o as
muchas 15gm (22 grans) admustered five tunes a day Before the heart
becomes regulanized the ventncular rate will gradually slow (Fig 101)

Fig 100 P y I d: above indicate the wmter
ventricular intervals 1n hundredths of a second Note that although the first e
cycles are quute regular disunct vanations in rate occur thereafter
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Fig 101 P Ve i} dine effect Furst set shows
ventricular tachycardia the rate 1s 247 Second set shows marked slowing of the
rate (122) as a result of di but persists Lowest
tracing shows normal thythm Enormous amounts of quindine were necessary
to produce regulanzauon single doses bemng gradually mncreased from 02 gm
t020gm The pauent was desperately 1ll with advanced congestive farlure although
after recovery there was no evidence of heart disease

This slowing enables one to follow the effect of the drug and gmde 1ts
dosage On rare occasions even large doses of quumdine will only slow the
ventricular rate but fail to do away with the abnormal mechamsm, the
ongmal rapid rate returning as the effect of the drug wears off On two
such occasions 2 mg (3 gram) of atropine sulfate, given subcutaneously
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about one hour after a large oral dose of quumdine, promptly restored the
normal rhythm The pharmacologic action of atropie 15 to lengthen the
refractory pertod of cardiac muscle Also, 15 cc of 20 per cent solution of
m sulfate mntravenously has been used successfully Quite recently
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Fig 102 Ventricular flutter (possible) Strps of a confinuous tracing (Lead n
from a woman 59 years old with complete heart block and Adams Stokes disease
A mdicates complete block B and G show ventricular extrasystoles of different
types D, E and F show oscillanons that have been mterpreted as ventriculas
fibrillaion  but because heart beats were audible throughout this period 1t 15
suggested that 1t be called ventricular fluter The last complex shows retumn of
complete block

procame amude, 1 0 gm 1n 10 cc solution given mtravenously, has been
very effectve and appears to have no serious side effects

Ventricular Flutter®
If one continues the sequence of abnormalities of ventricular ongin, as
was done 1n the auricles, one should naturally consider ventricular flutter
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This generally has been omutted, as no conditton has been recogmzed as
ventricular flutter 1n the electrocardiograms Figure 102, however, may
possibly represent such a condition These rapid, shightly wrregular oscilla-
tions were taking, place at the very tme that very rapid heart beats could
be heard ‘The patient was unconscsous However, she recovered from this
artack Ordmarily one has constdered such curves as sigmufying ventricular

& = H BE e ey
Fig 103 Transteat ventnicular fbrllation The upper thres leads show a normal
mechanism  The following four curves are portions of a continuous tracing taken
durtag an attack of syncope and are ch: of fibryll The
patent had a convulsion and there was 1o heart beat or pulse for about one runute
The lowest three Ieads show a rerurn 10 a normal beat with occasional ventricular
extrasystoles (V,) The patient became ambulatory

fibnillation, but the presence of heart beats and the fact that the circulanon
was beng maintamned mulitate agamst this diagnosts and denote that the
ventricles were actually contracting

Ventricular Fibrillation

The final and most extreme disturbance of the ventricles 1s ventrcular
fibrillauion With thus there are numerous mmpulses traversing the ventricles
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Fig 104 Ve fibrlL Poruons of a tracing taken dunag

an attack of Adams Stokes syncope lasting five munutes The pumbers indicate
rmunutes and seconds The patient was unconscious throughout the attack bremhf
ing ceased and thete was no detectable heart beat Note the early development ol
v lar fibratl with eventual uon of all electrical acuwity except for
small aunicular waves () During thus time adrenalin was mjected directly 1nto
the heart and contractions were resumed The patient recovered and became
ambulatory (Publshed in Heart ol 12)

so rapudly that coordmated contractions do not occur When the wnd"i;n
15 reproduced expenmentally by faradizmng the ventrcles, tying the
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branches of the coronary arterses or by drugs such as digitalis and adrena-
Iin, fibnllary twitchings will be seen but no mechamcal expulsion of blood
results From the pomt of view of the dynamics of the circulanon the heart
suddenly stops The electrocardiog that rep this state show very
bizarre rapid and wrregular ventricular complexes (Figs 103, 104) The
mual phase of the ventricular waves (QRS) 1s broadened and the T waves
fuse with them so that they become indistnguishable They also vary m
height from oscillanons of large amplitude to coarse low movements of the
base Line

Tt 15 extremely rare to find ventricular fibrillation m clhimeal practice
because 10 most cases 1t 15 the cause of mstant death By mere chance,
examples have been recorded when a patient happened to have an attack
while the electrocardiograms were bemng taken This was the case mn an
mstance of sudden death from an attack of angma pectons 1n which the

Fig 105 Ventcular fibntlation (cause of sudden death in coronary disease)
This pauent a man 60 years old had typrcal angina for three weeks with many
attacks daily promptly releved by nitroglycerin On the last day he had a severe
attack requiring two injections of morphine and died nstantly two hours after
the onset of the last spell white tracings were being taken Note the normal rthythm
1n Lead I of lowest set and ventricular fibrillation 1n Leads I1 and 111 taken only
a few seconds later

postmortem exammation showed disease of the coronary arteries but no
acute tt t This meck probably 1s a cause of nstant
death 1n disease of the coronary arteries and from such causes as electro-
cution Figure 105 shows the recording made when a patent happened to
have an attack while electrocardiograms were beng made This patient
had previous angmna and had had a recent acute myocardal infarct He was
doing quite well and just after the first lead of the electrocardiogram was
taken he expired Leads II and III, taken only a few seconds afterwards.
showed tha;ﬁrmtnctﬂzr fibrillation was present i
Occasionally recovery takes place 1 human bemngs after ven
fibrillation has set 10 Figure 103 shows an example otg'sdns sort, mu:vcl;ﬂcali
repeated attacks of syncope were due to this mechanism and were generally
preceded by brzef pettods of increased numbers of ventricular extrasystoles
and venunicular tachycardia The number of attacks seemed to be lessened
by constant qumdine admimstration In Frgure 104 are shown not only
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periods of ventricular fibnilfaton but also complete cessation of all electrical
responses 1n the ventricles, extending over a pertod of more than five mm-
utes, with recovery Whether the adrenalin that was imjected durectly mto
the heart was responsible for the recovery 1s not certam This occutred 1
a woman about 50 years of age who was suffering from Adams-Stokes dis
ease with attacks of unconsciousness

DISTURBANCES IN CONDUCTION

Sino-auricular Block

Having considered the disturbances that may arise 1n the normal pace-
maler of the heart and then the abnormaliies in the ongm of mmpulses
(ectopic rhythms), the third mam problem 1s to discuss the abnormalities

Fig 106 Sino-auncular block. Note that the pauses (1 4 seconds) are equal to
twice the length of the normal beat (0 71 second) Neither aurcles nor ventricles
contract during the pauses as the mmpulse 15 blocked at the pacemaker The
pauent was a young woman with palpitation but without orgamc heart disease

1 the conduction of impulses ‘The impulse after it 1s formed m the normal
smo~auricular node may be blocked before 1t reaches the auncular mus-
culature This 1s called simo-auricular block (Figs 106, 107) Nexther the
aurncles nor ventricles receive an mpulse and there results the loss of a
complete heart cycle If only one of those normal impulses 15 blocked, the
pause will be approximately equal to two normal heart beats as the pace-
maker remains undisturbed Qccastonally this pause will be equal 1o three
or four heart beats 1n which case two or three impulses are blocked Slight
dufferences m measurements will be found because there often 15 an accom-
panying sinus arrhythrmug that shghtly affects the pace Furthermore, after
the pause the first beat mav be an :doventricular beat or nodal escape
Stmo-auricular block 15 rare compared to auriculoventricular block In
general 1t occurs under the same condinons but has much less practical
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importance It can be suspected chneally by detecting 2 complete loss of
a heart cycle on auscultation Because nexther auncles nor ventricles con

tract during this pause, no aunicularor a wave will be seen n the jugular
pulse If such a small wave 1s detected on carefirl examination of the veins
of the neck during the long silent nterval, the block 1s at the auriculoven-
tricular node rather than at the sio auncular node Treatment 1s gener-
ally not mdicated for patients with this arrhythmsa unless 1t produces

Fig 107 Smo auricular block There ts 2 pause 1 Lead IIT (173 seconds)
approxumately twicé the normal heart cycle (092 second) Both auricles and
ventricles faled to contract Curves also show bundle branch block and delayed
conduction time {P R = 0 27) The patent had hypertensive heart disease with
coronary artery sclerosis

syncope when ephedrine or atropine may prove effective as 1n the ordinary
type of block

Auriculoventricular Block

Farst Degree Heart Block (Delayed Conduction Time ) The more common
type of heart block 15 that which occurs 1n the junctional tissue at the
aunculoventricular node or bundle of His When the defect 1s slight, im-
pulses are merely delayed 1n their passage through the mam conduction
path but eventually reach the ventricles There really 15 no blocking of beats
and the heart remams regular The conduction time (P R mterval) which
normally measures about 0 16 second becomes prolonged and when 1t
reaches the duration of more than 0 2 second 1t 15 arbrtranly regarded as
an indication of pathologic change (Figs 108 to 112) The actual path that
the impulse travels 15 normal and therefore the electrical complexes are all
normal 1n form The P wave may precede the ventricular complexes suffi-
ciently to fall on the previous T or R wave Under such crcumstances gt
may become difficult to recogmze the I wave and 1t may confuse the inter-

of the elect diog At first glance the traangs m Figure
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112 as represented by the first three beats could be wnterpreted as paroxys~
mal tachycarcha (vate 162) in which the auncular waves are not visible,
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Fig 108 Heart block first degree (delayed conduction ume) The P R interval
measures the time 1t takes for an impulse to go from aundes to ventncles and
normally should be between 0 12 and 0 2 second Here 1t measures 03 second
None of the beats 1s blocked so that the heart remams regular The patient was
suffermg from postscarlatmal rheumausm

Fig 109 Heart block first degree The P R nterval 1s markedly delayed m:asl
uning 032 second but no beats are blocked The pauent had rheumatc mutral
stenos:s and 1nsufficiency

Vagal stmulation, however, shows that the P waves are on top of the T
waves and that there 1s a shightly delayed P-R nterval
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In general, auniculoventricular block of all degrees results from three
main causes Digitalis probably 1s the most common of all When full doses
of this drug are grven any degree of heart block may be produced, especially
delayed conduction (Figs 82 and 94) Even sino auricular block may be
caused by digitalis Heart block rarely occurs dunng the ordmary mnfections
met with m geperal practice such as scarlet fever or mumps It 15 more
common as a comphcanon of theumatic fever and diphthera When heart
block of the higher grade occurs m diphthersa the prognosis 1s very grave
In rheumatic fever heart block 1s particularly common and often 1s the
only evidence of a rheumatic mfection It can then be interpreted as pos
tive evidence of a rheumatic cardinis and may be present when there are
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Fig 110 Hears block first degree The P R wterval 1s delayed to 0 32 second
but the thythm remains regular Note that in Lead II the P wave 1s practically
fused with the preceding T wave The patent was a boy of 13 who had an apparent

cold the electrocardiographic changes being the only evidence at that ime that
the infection was rheumatic

no rheumatic pamns and when the heart itself shows no sigmificant abnor
malities on orduary except ths elec d: phic finding
In fact, 1t 15 practically the only rehiable evidence of an acute myocarditis
Because of the mfrequency of heart block m other acute mfections, this
finding should be sought for and will often serve as a valuable diagnosuc
aid m identifying many conditions as rheumanc that otherwase would remam
obscure Figure 108 (P-R = 0 3 second) was obtamed from a patient who
had some vague aches 1n the legs after scarlet fever and was interpreted as
indicattve of a smouldering rheumatic fever Another patient (Fig 110)
merely had a slight cold and a questionable murmur 1n the heart The
markedly delayed conduction (P R = 0 32 second) meant that the child
was suffermg from a mild rheumanc fever More umportant stll was the
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case illustrated by Figure 111 Here a girl of 13 was spared an unnecessary
operation for appendicius by the interpretation of the abdomimnal pam,
shight fever and Ieukocytosis as rheumatic The third major cause of con-
duction defects 1s chromc organic heart disease, especially coronary artery
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Fag 111 Heart block first degree The upper three leads taken June 20 1935
show delayed P R interval of 03 second The middle curve taken July 5 1935
shows that the P R time s much shortened 023 second The lower set taken
September 5 1935 shows normal P R 1nterval (0 16 second) The patient was 2
gurl of 13 with vague abdomnal ymptoms who was sent to the surgical service
for y The el 4 were the mamn clue that she had
rheumatic fever

sclerosss and less frequently rheumatic valvular disease (Fig 109) Hyper-
thyroidism and syphibtic disease mvolving the junctonal tissue are also
rare causes of heart block When delayed conduction results from digtalss,
1t disappears within two or three weeks if the drug 15 omurted When rheu-
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matic fever 1s the cause, 1t may persist longer but generally clears up en-
urely (Figs 111 and 114) However, when 1t 1s part of a chromc cardiac
problem 1t remains mdefinitely 2nd may become more marked, eventually
leading to complete heart block I once saw a man 59 yeats old who had
famting attacks with convulstons due to heart bloch On postmortem
examiniation a lesion was formed mn the upper portion of the mterventricular
septum bling Fredler’s myocardis There was no evidence of syph-
1lis and no sigmificant coronary artery disease In another somewhat similar
case of Adams-Stokes disease the pathologist described lesions in the mter-
ventricular septum that were charactenstic of sarcoid

It must be borne m mind that slight and occasionally marked delay 1

Fig 112 Heart block first degree Effect of vagal sumulation A continuous
tracing at the beginning of which the heart was regular and rapid rate 162 The
aurtcular waves were obscured and 1t was thought that paroxysmal auricular
tachycardia was present Pressure over the left carond sinus (indicated by signal
above) slowed the ventricles and uncovered normal P waves Note that P; and Py
are not followed by The d: Was an acute myo
carditiy following erysipelas with a normal sinus tachycardia and delayed con
duction tume (Author » article i Oxford Loose Leaf Mediine vol II)

auriculoventricular conduction may be found in otherwise healthy and
normal mdividuals Duning the recent World War a P R mnterval of 04
se¢ was detected i some healthy Air Corps men while recumbent which
became normal on sitting up In other mstances second or third degree
block was changed to first degree on assummg the upright position
Although first degree heart block 1s easily recognized i the electrocardio-
gram 1t 15 difficult and often tmpossible to detect 1t chinically The heart
remaws regular and the rate 1s often essentially normal Unless the possi-
bility 15 kept 1 mind there may be no suspicion that a defect 1n conduc-
ton 15 present There are two auscultatory findings that may lead one to
the correct duagnosts, 1¢, the presence of 2 gallop rhythm or a decrease
mn the intensity of the first heart sound It may be that aurcular systole 15
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so far removed from the oncoming ventricular beat that 1t becomes audible
or auricular contraction produces some other effect on the valves or muscle
which results 1n a sound Thus finding should make the examuner particu

larlv suspicious 1f 1t occurs during or following an acute infection Of course,
gallop rhythm 1s much more common 1n other conditions i which the P-R
unterval 1s normal Nevertheless, 1t may direct attention to an important
disturbance that otherwise would be overlooked Simularly if the loudness
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Fig 113 Heart block second degree or parnal heart block Note that the con
duction ume (P R) first rapudly then remams prol 4 and finally 2
beat 15 blocked the process repeaning aself The patient had advanced h art
farlure with hypertension and was on full digitalis dosage when these tracings
were taken

of the first heart sound has been noted to decrease during the days of
observation, 1t mav mean that the P-R interval has lengthened

Second Degree Heart Block (Partial Heart Block) When the defect
conduction 15 greater, impulses from auncles to ventncles find 1t increas
mngly difficult 1o pass through the junctonal tissue until finally one 1s
blocked This condition 1s called partral heart block (Tig 113) This may
occur once every seven or more beats or much more frequently, 1€, every

AT

sofeny
I'Ef’\'a

TT(‘J 'TFJ l#t q[}vt{i"“p]‘ﬂl
gl 7 2 RN
i J’J\as Pxi-l'r U‘ 3|
SRy Ra= S
lLt_ 1 )_UJ lhl_l,F IO mL
Fig 114 Heart block second degree The upper tracing was taken June 23
1929 during acute sheumatc fever the lower October 20 1930 when the
patient was well and showed no evidence of heart disease Note that Py and Ps

are not toflowed by ventricular beats The lower curves show that the heart blouk
entirely disappeared

second beat (Figs 114, 115, 116) In fact, more than one beat may be
blocked before the next one goes through These various degrees of partial
block will be called 7 6,2 1, 0r 3 1 respectively, depending on the
relation of the P waves to the ventricular complexes The auricular and
ventricular complexes are normal 1n form for that heart because the path
which the impulscs take 15 normal The P waves may have to be sought
for carefully 1n a preceding T wave A shght notching or ancrease i herght
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of the latter may mdicate the presence of the former (Fig 110) The ume
relation between the two will be abnormal Figure 113 shows a rapid 1
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Fig 115 Heart block second degree Every other auncular beat (P) 1s not
followed by a ventricular beat te thereisa2 1 heart block Auricular rate 86
ventricular rate 43 The patient had hypertension angina pectoris but no syncope
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Fig 116 Heart block second degree Every other auricular beat (P) 1s blocked
(2 1 heart block) Auricular rate 80 ventricular 40 The ventricular complexes
(QRS T) indicate bundle branch block 1n 2ddiuon Note that the P P interval
embracing the ventricular complex 1s shorter than the clear P P interval The
patient had hypertension and famting attacks

crease n the P-R interval 1n the first four cycles and then the imtervals
reruaim the same until a2 beat 1s blocked The increase mught have continued
but to 2 shghter degree before the final pause Because of this dumunshing
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mcrement m the increase of the P-R interval the heart speeds up before
the pause and the shortened P-R mterval after the block makes the length
of the pause shightly less than two normal heart cycles (Wenckebach’s
phenomenon)

It 15 not difficult to recogmze partial heart block at the bedside When
only an occasional beat 1s blocked an essennally regular rhythm wall be
heard and then a sudden pause that will be shghtly shorter than two normal
cycles A small aunicular wave may be observed 1n the jugular vems during
these pauses It must be clearly disungwished from extrasystoles for m
both condiions the pulse 1s intermmttent With the latter an extra clicking
beat will be heard 1n early diastole On rare occasions I have confused this
sound for the faint sound made by auricular systole mn partial heart block
When there1s a3 2 block a coupled rhythm results and this may be mus-
mterpreted as due to some other mechamsm If every second beat 15
blocked (2 1) a slow regular rate of about 40 1s the result It will need
to be distinguished from a normal bradycardia and complete heart block
This often can be done by detecung auricular impulses mn the jugular veins
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Fig 117 Second degree heart block rehieved by atropine The upper tracing
shows gradual lengtheming of P R interval from 021 to 032 second and final
blocking of a beat The lower curves taken five munutes after the mtravenous
injection of 10 mg of atropine show regulfar thythm P R = 0 17 second
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and trying to disturb the rate by exercise, breathing, carotid smus pressure
or drugs such as atropine or amyl nitrnite The effect in normal bradycardia
will be most marked and gradual, 1n complete heart block the rate will be
unaffected or only shightly changed, the thythm remaimng regular, with
partial block abrupt changes 1 the length of the heart cycle may result
Atropine or amyl mitrite may lessen the degree of partial block by dimmsh-
g vagal tone, and vagal stmulation may ncrease the block and slow the
heart further Occasionally the reverse occurs and ventricular rate accele-
rates with vagal sumulatton In an elderly man with 2 1 partal heart
block, carotid sinus stmulation on three different occasions promptly
produced a 1 1 rhythm by slowing the auricular rate shghtly There
appeared to be a critical level at which all beats could be conducted and
above which 2 1 block occurred This may explam the occasional bene-
ficial effects of digitalis on heart block Careful attention to the physiologic
funcuions mnvolved and to the exact length of the heart cycles as determun
by auscultation will often suffice to differentiate the cause of the slow heart
rate

Partial heart block generally requires no speaific treatment When 1t
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t , treatment 15 directed at the underlying
d1scasé It merely indicates that a longer period of convalescence 15 destr-
able but the prognosis 1s ordinanily favorable If it follows digitalis, no harm
results Bt serves as a warnng that the dose of the drug should be lessened
When 1t 15 present with chromc organic heart failure, one need not be
afraid to give digitabis Speafic treatment will be requred if syncopal
attacks are th This wll be d d under lete heart block
One mught expect that atropme would be of aid 1n partal heart block by
mhibinng the vagus, and occasionally 1t 15 very effective 1n elminaung the
block entirely and dong away with the accompanying symptoms (Fig 117)
Third Degree Heart Block (Complete Heart Block) The hughest degree
of block occurs when the defect 15 sufficiently great to prevent all impulses
from reaching the ventricles, 1 ¢ , complete heart block In this case the
auricles contract m sequence to their own pacemaker 1n the sino-auricular

Fig 118 Heart block thurd degree (complete heart block) The upper tracing
taken September 23 1931 shows a normal thythm The lower tracing taken
May 23 1933 shows complete block aurncular rate (P) 1s 103 ventricular (R)
18 29 Note the mconstant relationstup between P and R waves The pacemaker
of the ventricles 13 1n the aurculoventricular juncuonal mssue The patient had
angna pectons and Adams Stokes disease

node and the ventricles establish their own rhythm in sequence to a pace-
maker just below the defect exther in the lower portion of the auniculoven-
tricular node or i the bundle of His (Figs 118 to 124) Inasmuch as the
inherent rhythmrcity of the ventricles 1s slow, the rate 15 generally about
30 and regular The auncles and ventricles contract independently of each
other Someumes the P wave precedes the R, at other tumes 1t follows it
or comes on the T wave Occasionally the auncular rate may happen to
be just about twice the ventricular and an apparent 2 1 heart block will
be seen However if a sufficiently long tracing 15 followed or an attempt
made to disturb the mech: a2 P wave will 1ly be found to change
113 relanon to the R wave and actually pass it The complexes have forms
that ase essentrally normal for that parucular heart as the spread of the
excitation wave 15 normal through auncles and ventricles The Q-T interval
15 apt 1o be lengthened because of the slow rate and the mncreased duranon
of systole Although the ventricular rhythm is usually regular, slight irregu-
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lanities may be present Currously, the ventricular contraction may disturb
the austcular rhythm (Tig 116) possibly by changes 1 blood supply,
PP

through nervous reflexes or through the pk of “sync]
ton '

Although the characteristic ventricular rate in complete block 1s very
slow, rates of 40, 50 and more occur This ts often true when the com
plete block 1s due to digitalis (Fig 82) Higher rates are also found when
complete heart block 1s present 1n childhood (Fig 120 and sn congemtal
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Fig 119 Complete heart block Auricu ar rate 66 ventricular 27 Note thay
the auricular waves (PP) may come just before durmg or after the ventncular
complexes (R T) The patient had rare attacks of Adams Stokes syncope but was
able to0 do hard work The ventricular complexes are regular They could arise
10 the aunculoventricular node and be blocked 1 one of the bundle branches o
they could anse as ectopic diaventricular beats 1 or near the opposite bundle
branch 1n view of this uncertainty 1t 1s safer to refer to them with the noncom
mittal dagnosts of complete heart block with sbnormat ventsicular complexes
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Fig 120 Complete heart block Auricular rate 90 sentncular 51 Note shght
wrregulanty i the ventricular rate The patient was a boy 17 years old, with
probable congenital ventricular septal defect and symptoms of cardiac weakness

heart block (Fig 121) The exact rate probably depends on the site of the
dioventricular pacemaker When the lesion 15 ugher in the aunculoven

trscular node, the rate will be faster In general, the lower portions of the
heart have more sluggish rates It 1s also true that notwithstanding the fact
that vagal mfluences do not affect the ventricles very much, the upper part
of the auriculoventnicular node 15 somewhat under the mfluence of the
vagus, but this effect dimmnishes at the Jower levels of the junctional tissue
as the mherent rate decreases
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The most important practscal aspect of complete heart block 15 that
there 15 a tendency to syncopal attacks accompanyng 1t These attacks are
due to further slowing of the ventricles or to complete ventricular stand-
still When the rate remamns constant, even as low as 30, the efficiency of
the circulation may be normal 1 have seen many mstances sn which patients
were able to do hard physical work for many years with such slow hearts
Danger anses when the ventricles stop contractung entirely Such pauses
come suddenly and the symptoms they produce will depend on their
length If the pause lasts several seconds the patents may only feel a famnt
wave or light headed sensation like a pent mal If it lasts a httle Jonger,
they faint away for several seconds If 1t continues for twenty to sixty sec-
onds they will Jose and have a © 1 with stertorous
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Fig 121 Complete heart block This patient was 55 years old known to have
had heart block at least since the age of 6 probably congenstal and never had
any symptoms referable to the heart Note thar the ventricular rate of 44 with
congenital heart block 1s apt to be more rapid than with the acqured typ 1
adults (compare Figs 118 and 119)

breathing If 1t lasts a few munutes, breathing ceases and death generally
ensues On very rare occastons the normal beat may be resumed even after
the heart has ceased beaung for several muinutes (Fig 104) Attacks of
syncope may occur at the sudden onset of the complete heart block before
the new ventnicular rhythm takes on 1ts function They may also come at
the ime of the transition between a parttal and complete block or when
further depression of the pacemaker occurs and the rate falls below 20
(Fig 122) When, for some reason, possibly through changes mn blood
supply or nervous mnfluences the ventricles which were Contracung regu-
larly at the rate of 30 or 20 suddenly stop enurely syncope will occur
Finally, 1f 2 pauent with complete block develops an attach of paroxysmal
ventnicular tachycardia 1t 15 apt to be followed by complete standstill of
the ventricle (Fig 104) The precanous feature of complete heart block 1s,
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therefore, not the slow regular rate of 28 but the temporary complete faslure
of the 1dioventricular pacemaker to send out impulses Simular syncapal
artacks may occur even without complete aunculoventricular block 1f the
ventricles faul to contract, as may take place reflexly from a sensitive carotid
sinus or 1n smo-auricular block

The clinteal recogminion of complete block 15 ordinanly a simple matter

Fig 122 Complete heart block The auricles (P) are beating regularly at a"rate
of 111, the ventricles are contracting slowly and irregularly at a rate of about 16
The two rhythms are mdependent of each other (Authors arucle in Oxford
Loose Leaf Mediane vol 11)

when the rate 1s very slow and regular as there 1s no other condiuon m
whuch thus occurs When the rate 1s between 35 and 50 or more 1t can be
confssed with other conditions, especially partial block The differentia-
non has already been discussed 1n the paragraphs on parnal heart block
There 15 one add [ sign that 1s pathog; of complete block, 1¢,
the changing quality and intensity of the first heart sound On careful

ST

Fig 123 Complete heart block {false 2 1 block) Conninuous tracing shows
that while for a long period (upper tho strips) 2 2 1 relationship appears (o exaut
complete block finally develops (lower two strips) with the P waves crossing the
R waves

auscultation 1t will be noted that with occastonal cvcles the first heart
sound may become muffled, accentuated or reduplicated Ths results from
the changing relationship between the auricular and the ventncular con

tractions In some cases the auricular rate 1 exactly twice the ventricular
for Jong periods of time so that only after prolonged auscultation will this
valuable diagnosuc sign become apparent (Fig 123) Furthermore, it 15
often possible to hear extra auricular sounds over the precordium durmg
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the long pauses, to see extra auricular waves m the jugular pulse and even
to feel fant waves mn the radial pulse synchronously with aurrcular systole
whch are due to an impact aganst the aorta All these latter signs merely
mndicate that the aurcles are contractng more frequently than the
ventricles and that there 1s some degree of block The changing quality
of the first heart sound and other criterra prove that the block 15 com-
lete

P The clinical conditions 1n which complete heart block occurs were taken
up under partial heart block In some cases of otherwise nexphicable
complete block the conduction defect appears o be related to a severe
attack of diphtheria 1n cluldhood In many cond once
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Fig 124 Complete heart block (Adams Stokes artacks with normal rhythm
between spells) The pauent was a woman 60 years old with hypertenston and
mutral stenosss At the ume the first tracing was taken she already had had frequent
attacks of unconsciousness Two months later she showed typical complete block
and syncopal attacks continued

complete heart block 15 apt to be permanent, although occasional reversion
10 a block of lesser degree or a normal mechanssm occurs  Although muld
degrees of beart block are common dunng the acute stages of rheumatic
fever complete heart block 1s rare Furthermore, 1t 15 very uncommon 1o
find permanent complete block as a sequel of rheumatic fever unless 1t
develops many years later as an accompamment of valvular disease
Although the majonsty of cases of heart black associated with attacks of
Adams-Stokes syncope will show a slow heart and complete block between
spells there 15 2 considerable number of patients who have 2 normal rate
and no block except when they are having attacks It follows, therefore,
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that finding a normal rhythm n a patient with famting spells by no means
rules out the diagnosis of Adams-Stokes attacks (Fig 124) In Figure 125
1s 1llustrated an unusual condition 11 which complete block 15 transtent,
changes to 2 1 block and 15 accompanted by probable hilateral bundle
branch block

Therapy i complete heart block 1s important because 1t 1s often effective
Treatment 15 not directed at the slow steady rate, for this many be pro
ductive of no symptoms and may even be 2 protection to a heart that 15
threatened with congestive farlure However, the slow rate 1s no contrands
cation to the use of digitalis if congestive signs are present The mam
concern 1s the attacks of syncope When they occur at rare mntervals, once
every year or more, the problem 1s difficult because preventve medication
would have to be continued all this time and it rmght even then be doubtful
whether or not the cessation of attacks was due to the drugs When attacks
occur frequently, many a day, as may happen during acute corenary throm
bosss, hin given subce ly may be Iife-saving It may be neces-
sary to gve a dose of 03 to 05 cc of a1 1000 soluuon every two hours
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Fig 125 Complete heart block resulting from bslateral bundle branch block
The patient was a 64 year old man with Adams Stokes attacks The auricular rate
remained unchanged throughout the curve During the second half of the tracing
there was second degree (2 1) auriculoventricular heart block with left bundle
branch block during the first half of the tracing complete heart block with abnor
mal tar comp! b: block 1 the opposite bundle branch
The changes can be explamned as the result of block in both bundle branches
equvalent to complete heart block durng the first half of the strip and of dis
appearance of block m the nght branch during the second half

for a day or so The frequency and duration of the treatment will depend
on the circumstances For a period of an hour or more after adrenaln 15
myected all attacks may cease The drug mcreases the irmtability of the
ventricles and not anly prevents the pauses of the ventrcles but actually
ncreases their rate 1n complete heart block When the condtion 1s chronic
and the attacks occur yn an otherwise ambulatory patient, ephednine sulfate
admunsstered by mouth (0 025 gm —3 gran—~or even larger doses) two or
three times a day may prove effectve Occasionally barrum chlonde 003
0 006 gm —1 1o 1 gram~—threc or four tmes a day) given by mouth will
bt all artacks In stubborn cases a great variety of procedures have
been employed and when an apparently favorable result has been obtamed
1t 15 difficult to be certam of the efficacy of the agents employed 1n treat
ment Amongst these are nhalations of 1 100 adrenalm, benzedrine,
propadrme, full doses of atropme, intravenous mjections of 50 per cent
glucose, thyroud extract, cardiazol, and digitalis or urgmn It must be
remembered that quinidine should be grven with caution to pauents with
disturbances mn conduction as 1t can merease the mhibition of beats
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CONGENITAL HUART DISEASE

In only one congcmtal condmon, namely, true congenrtal dextrocardia,
1s the am ab path The electrical axis of
the heart lies mn the direction opposxte to normal, 1¢, from left to nght
When the ordinary three leads are taken, therefore, Lead 1 wall be a nurror
picture of the normal Lead I All the waves will be inverted (Fig 126,
upper tracing and Fig 127) Lead II will resemble a normal Lead IIX and
vice versa Simularly Lead aVp resembles normal Lead aVy. and Lead aVr,
resembles normal Lead aVr Leads over the left precordium resemble
those over the normal night precordium and vice versa (Fig 127) If the
night and left arm electrodes are reversed curves of normal appearance will
be obtamed (Fig 126 lower tracing) Care must be taken m mahng the
dragnoss of dextrocardia from elect because dental -
texchange of the arm electrodes wall produce simular curves This mustake
1s not at all uncommon
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an 126 Dcxuuwdxa Th: upper tracing shows the ordinary v.hr:e leads 1z a
case of congenital dextrocardia with situs inversus of the abdormunal viscera Note
that 2ll the waves (P R T) are 1nverted 1 Lead I Leads II and III appear mter
changed The lower curves were obtamed on the same patient by placing the
Tight arm electrode on the left arm and vice 1ersa They then appear to be normal
curves
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In three other | d the elect d
Jdecsive evidence of the navare of the dtfm, o considered m the hg‘m nf
the chucal findings These are plete heart block,
atresia of the tneuspid valve and  origin of the d ding branch

of the left coronary artery from the pulmonary artery The clcm;wrdxw
graphic clue to the diagnos:s of congenutal tricuspid atresia 1s the presence
of left ventricular hypertrophy in a cyanonc mfant In anomalous ongin
of thc left coronary artery from the pul 'y artery elect

of has been reported Apart from these
condutions 1t 15 2 faurly valid general rule that extreme night axis deviation
or extreme right ventricular hypertrophy indicates some form of congenutal
heart disease

The elec d L 1on must be ded 25 2 very 1m

portant incident mn the work up of every patient suspected of having a




450 CriNicaL HEART Disgase

congenutal cardiovascular lesion The electrocardiograr parallels the ana
tomic and physiologic changes quite closely and records changes if the
abnormal flow or the pressure changes are adequate to produce hyper-
trophy Thus, i a general way, the electrocardiogram corrects or confirms
the g aphic and fl pic findings regarding ventnicular
hypertrophy Indeed, the electrocardiogram 1s somewhat more rehable
than x-ray examunation in the detection of right ventricular hypertrophy
Whle the x ray may detect ventricular enlargement 1n general, 1t 15 rela
tvely naccurate in telling which ventricle 1s enlarged In pulmonic stenosts

Fig 127 Dextrocardia studied with umpolar leads The conventional himb
leads show the same type of change described 1n the previous figure (Fig 126)
Note that Lead aVy_here resembles the normal Lead aVy Lead aV has a normal
relationship to the heart Th= second row of tracings shows Leads V) to V; taken
wn the usual manner Nate that instead of increasing as the electrode moves to
the left the R wave actually decreases By nterchanging Leads Vy and V, and
continung over the right side of the che t representing the true precordium, 2
senies of tracings 1s obtamned comparable to the usual set of precordial leads Note
now that the R wave shows a progressive mcrease mn heght to Lead Vg and
therefore that when rearranged propesly the electrocardiogtam has a normal
appearance The patent was a healthy 23 year old man whose abnormal heart
shadow was detected i a mass minuature x ray survey for tuberculosts

the electrocardiogram generally shows nght ventricular hypertrophy or
persistent mcomplete tight bundle branch block (Fig 37), but when the
degree of stenosts 15 shight the electrocardiogram may be normal In mter-
atrial septal defect the electrocardiogram generally shows night ventricular
hypertrophy or right bundle branch block (Fig 36) but, here agam, the
tracings may be normal sf the defect 1s small It 1s a cunious fact that atrial
septal defects are more commonly assoctated with mtraventricular block
(prolonged QRS complex) and auriculoventricular block (prolonged P R
wnterval) than are interventricular septal defects Arrhythmuas including
auncular fibrillation are not uncommonly seen 1n mnteratrial septal defects
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In the tetralogy of Fallot there 1s always an extreme degree of nght
ventricular hypertrophy and the P waves are apt to be tall and poimnted
Rught ventricular hypertrophy may also be seen m transposyuon of the
great vessels or 1n anomalous entrance of the pulmonary vems mto the right
auricle

In patent ductus artenosus, where the greater mechamical burden 1s
borne by the left ventricle, left ventnicular hypertrophy may be detected
by the electrocardiogram In many cases where the defect 15 small, the
electrocardiogram may appear normal Furst degree heart block 1s not un-
common Coarctation of the aorta and congenital aortic or subaortc sten-
osts are also apt to be associated with left ventricular hypertrophy Fig
40) In mterventnicular septal defects the forces are generally balanced so
that the electrocardiogram 1s usually normal, occasionally, however, one
ventricle appears to be predomunantly overburdened so that either right
or left ventncular hypertrophy may be tecorded Occasionally the defect
appears to intercept the auriculoventricular bundle producing congemtal
complete heart block, but the latter condinon may also occur with an
intact septum Congerutal complete heart block may be rather well borne,
the heart rate 1s generally more rapid than that seen with acquired complete
heart block

CHANGES IN THE FORM OF THE AURICULAR COMPLEX

The auncular complex (P wave) vanes i form somewhat i normal
imdwiduals In general with faster rates the P wave 15 larger and with

Fig 128 Aurscular hypertrophy Note that the P waves in Lead 1 ar
¢ broad
flat topped and notched The patient had well marked mmiral stenosss

slover rates 1t 15 smaller This 15 due to the fact that ympulses anse high in
the sino-aurzcular node when the rate 1 raprd and low 1n the sino-auricular
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node when the rate 1s slow Generally the P wave shows a much more con
spicuous deflection wn normal sinus tachycardia than in paroxysmal aunc-
ular tachycardra Occasionally this fact may be helpful i making the
difficult differential diagnosis between these two types of tachycardia
There 1> one pecultar type of I wave that 15 present so frequently wath
mutral stenosts that 1t 18 fairly diagnosuc It 1s a wave that 1s promunent,
broad, somewhat fat-topped and notched (Figs 128 and 129) These
characteristics are generally displayed in Leads I and I1, and often 1n Lead
111 the P wave 1s mnverted This type of P wave usnally denotes an enlarge-

Fig 129 Aurscular hypertrophy Four sets of curves showing large broad and
notched P waves Note that P waves may be most promment 1n Leads Tor 1L
and may be 1nverted 1 Lead 11T All four patients had rheumatic mutral stenosis
with or withour aoruc or tricuspad mvolvement

ment of the auricles, 20d as thus occurs almast exclusnely in mutral stenosss
1t has mportant chimical value When curves are found, such as are 1epre
sented 1n Figures 128 and 129, one can be quute certam that mural stenosis
1s present There may be an addional tricuspsd stenosis but tius neves
occurs without the presence of mitral stenosts as well Occastonally broad
notched P waves of the type described above may be observed durning
acute myocardial mfarction Dewiatrons of the P-R segment have been
described 1n the auncular wfarction which may accompany infarction of
the ventnicle
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Sharp, narrow and large P waves may be seen 1n hyperthyrordism and
1t 15 suspected that tricuspid stenosis may have a promment P wave that 15
taller and narrower than those just described for mutral stenosis

Often, 1n assoctation with other evidence of nght ventricular hyper-
trophy, the P waves are tall (25 mm or more) and ponted but not broad
ened 1 Leads IT and I1I These have been referred to as P pulmonale
Whether thus change 1s due to aunicular hypertrophy or sumply to a peculiar
position of the auricles has not been determuned This change 15 frequently
seen 1n pulmonary emphysema

CHANGES IN FORM OF VENTRICULAR COMPLEXES

There now remains for consideratton a heterogeneous group of cond:
tions tn whuch the ventricular complex becomes abnormal, and the chmcal
siguficance of such changes It will be seen that i some conditions the
electrocardiographic findings are most important and helpful, m others
they may be only suggestive and frequently the changes may be misleading
because they are not sufficently distinctive

Ventricular Complexes of Low Amplitude

When the height of the R wave or the depth of the § wave 15 5 mm or
less 1 all leads 1t 1s regarded as abnormal (Figs 130 1304) Upward
measurements should begin with the top of the 1soelectnic shadow of the
string and those downward from the bottom of 1t Such low curves may
occur with advanced cardiac failure from any cause either valvular or non-
valvalar with acute coronary occluston (Fig 130A4), anemua, myxedema
Addison s disease, pericardial effuston or any condition showing consider~
able edema They are also frequently present even without evidence of
heart failure, 1n pauents with well marked emphysema of the lungs The
low compleves are exther due to the development of an electromotive force
of small potential withuin the heart or to some electrical effect of the edema
of nissues around the heart The curves may become larger if the edema
chsapp or the congestive state imp: In d (Fig 131) not
only are the QRS waves dimimshed but the T waves are flat Such curves
can return to normal on thyroid therapy When they are found after a
coronary occlusion they are apt to persist indefinitely and be companble
with a satsfactory state of health for years In general curves of very low
amplitude inducate  fairly grave condition of the heart but there are excep-
tions to this rule

There are tracings that show ventricular complexes of Jow amphtude
that require a different mterpretanon They are not apt to be quite so
small, although they may be, but they appear otherwise normal {Fig 132)
The QRS waves are not notched or spread and the T waves have a normal
configurauon These pomnts disungwsh them from the abnormal ones
described above They are found n indwiduals who are well and show no
evidence of orgame heart disease Low voliage 1n the limb Ieads 15 more
siguficant 1f there 15 associated Iow voltage in the precordial leads It has
been shown that i certan cases with low voltage m the imb leads the
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fargest deflecnions occurred 1n Lead Vi, whereas normally the largest
deflections occur 1n Lead V4 Thus suggests not heart disease but a shuft of
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Fig 130 Abnormal form of ventncular complex (low voltage) Four sets of
curves showing QRS complexes of Jow ampltude 1o all Jeads The lowest curves
show the normat standardizanon All four patients had serous heart disease of
the coronary artery type

the mean electrical axis of the heart toward the saguttal plane of the body
It 15 evident, therefore, that ventricular complexes of low potential must
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be interpreted with due care and should be used only 1 conjunction with
other data as indicative of heart disease

Ventricular Complexes in Corenary Thrombosits and Myocardral
Infarction

The most important contribution that electrocardiography has made to
medicine 15 1n the diagnosss of coronary thrombosis and myocardsal infarc-
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Fig 1304 Abnormal form of ventricular complex (low soltage) The first set
taken January 9 1940 shows nothing very abnormal An attack of acute coronary
thrombosis occurred 1n the summer of 1940 The second set taken February 2
1942 shows marked decrease in amplitude of QRS and T waves The patient
had no peripheral edema although there was a moderate right hydrothorax

von This goes back to the early observations of Pardee when he first called
our attention to the displacement of the S-T segment 1n acute myocarcial
ifarction When the ventrscular complexes change after such an attack
they do so because of all m the I pplied by the vessel
volyed and not because of the thrombosts 1tself It would be more proper
to designate these abnormalines as mdicatve of myocardial infarction,
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Fig 131 Effect of myvedema The first set was taken September 14, 1938
whent the basal metabohc rate was —35 per cent The second set taken fourteen
days Iater, after thyroid therapy, the basal merabolic rate being —10 per cent
Note the inctease 1 height of T and R waves
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Fig 132 Low voltage Two sets of curves showmng QRS waves of Jow amph
tude Note that the general form of the ventricular complexes 13 normal (uprght
T; and T and sharp R waves) i contrast to those s Figuze 130 “These two patents
fad no heart disease
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which generally results from coronary thrombosis but may come from
disease of the artenes such as narrowing without thrombosis

Myocardial mury produces changes m the electrocardiogram which
vary with the degree of mjury, the size of the area injured and 1ts locatton
These changes are of two sorts (1) changes m the repolarization process
(T wave and RS-T segment), and (2) changes i the depolarization process
(QRS complex) We have seen that the T wave 1s the most Iabile part of
the electrocardiogram, chan; readly as the result of chermical, mq -
ical, anowuic or thermal infiuences _while the QRS complex 15 relatively

fixed and capable of change onl; t severe grades of injury This
Corresponds to the chinical fact that changes in the T waves of themselves
are to be ded as fic 1n their impl whereas changes 1.

the QRS complex generally correspond to profound muscle damage

Although recent ammal experiments have shown the earhest electro-
cardrographic consequences of impairment of the blood supply to the heart
to be a sharp mverston of the T waves, ths 1s ordmarnly not observed
clinically since patents are rarely seen at the very onset of an attack of
myocardial infarction Two recent cases, personally observed, are of some
mterest m this connection The first patent clearly had the onset of his
acute myocardial infarction while being fl ped Anelec diog!
recorded tmmediately showed an inverted T3 with a prolonged Q-T mnter-
val Senal elect d b ly showed the characteristic
sequential changes of acute posterior myocardial nfarction Another
patient was hospitalized 1n coma due to a ruptured intracramal aneurysm
This patient subsequently showed RS-T segment elevations 1n the same
leads (Fig 133) which ongmally showed imverted T waves There was no
demonstrable mnfarct at postmortem evamunaton n this case

T wave mversion of this type has been called 1schemic 1 type These
are the same sort of T waves that charactenstically appear at the margtas
of an infarct fater i the course of an acute episode By and large, however,
the earhiest chang d consist of displ of the RS-T!

] overlymng a sub dial or | lesion records an
upward displacement (elevation) of the RS T segment whereas an electrode
overlymng the opposite healthy ventricular wall records a rectprocal down
ward dispiacement {depression) of the RS-T segment On the other hand,
an electrode overlying an acute infarct which 1s subendocardial m 1ts Joca-
tion records a depressed RS-T segment while an electrode, such as that
at Lead aVR, whuch faces the ventricular cavity and hence the mjured
subendocardial layers records an elevated RS-T segment This latter 1s
the same sort of change which may readily be induced transiently mn certam
mdividuals with angina pectons It 15 difficule to reconaile thus clinical
phenomenon of easily mduced RS ‘T segment depression with the expert~
mental expenience that RS-T segment elevanons are recorded 1n ammals
only on 2 more prolonged coronary artery higation than produced the T
wave described above Itis , however to correlate the
three types of electrocardiographic changes wnth three stages of myocardial
impairment, the QRS changes corresponding to myocardial necrosis the —
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RS-T segment deviations to mjury effect and T wave myersion to myo-
cardial sscherma

The RS-T segment displacements occurring during, an acute myocardal
wnfarction generally last only a few days, gradually returning to the 1so-
electric ine After a vanable mnterval they are usually accompanted by
ternunal mversion of the T wave giving rise to a charactenisuc appearance m
the RS-T segment and T wave variously described as a “coronary T wave, *
‘ Pardee T wave, “cove plane T wave,” * round shouldered T wave’ or
‘ upwardly bowed T wave ” The Q-T mterval i these mstances 15 ordi
nanily prolonged The T waves may become very deeply mnverted and V-
shaped, corresponding to this change the opposite ventncular wall may
exhibit very tall pomnted T waves The T-wave changes generally outlast
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Fig 133 Ischemuc T waves RS T and T wave changes without mnfarction
The patient was a 69 year old woman admurted 1n coma February 9 1949 and
died February 16 1949 In the wmuial set of tracings obtamned on February 11
1949 the T waves in Leads I II aVy, aVy and Vy to Vg have a charactenistic

coronary’ contour In Leads V5 to Vg the T waves have a waterfall appearance
often seen dunng the early days or weeks of an acute myocardul mfarction or
1n the very earliest stages of experimental coronary artery hgature The tracings
obtamned on February 13 1949 show elevation of the RS T segments in Leads
1 aVy, and V, to V; wath much less pronounced late mversion of the T waves
1n these same leads Although Q waves were recorded in Leads Vj to Vi they are
very narrow and very inconspicuous relauve to the R waves in the same leads
and dingly are atf 10 septal and not to myocardial death
The patient remaned 1n coma and dred two days later Postmortem examunation
showed a ruptured aneurysm of the circle of Wilhs but no evidence of myocardial

or ditis on l

the RS-T segment changes and may persist for weeks, months, or even
years but they are apt to lose their charactenistic shape and become merely
wmverted T waves of otherwise normal appearance In time these may
become 1soelectnic or normal upnight T waves

Frequently at the same time, but occasionally at variable mtervals after
these changes n the repolanzation process, changes may also appear in
the QRS complex These changes probably correspond to actual death of
parts of the myocardium which are no longer capable of responding to the
activating impulse If the ente thickness of the ventrcular wall thus
becomes electrically mert, the cavity p Is are tr tred p: ly
through the infarct to an overlymg electrode just as they would be through
the electrically macnve aunculoventrcular valve ring to an electrode (such
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as an esophageal clectrede at aurtcular levels) facing the ventricular cavity
Since the remaming healthy ventricular myocardium 1s still actvated from
endocardium to eptcardium, the impulse moves away from the ventricular
cavity and a downward deflection 1s recorded m the cavity The electrode
overlying the transmural farct therefore picks up the same potential and
records 2 QS deflection This QS wave ordwnanily has considerable dura-
tion, 0 03 second or more from onset to nadir, 0 04 second or more 1n total
breadth If only the mner Jayers of the myocardium are destroyed and the
outer Jayers are sull absolutely or relatively healthy an overlying electrode
records first 2 Q wave, correspondmng to unopposed activation of the
healthy subendocardzal muscle of the opp wall, followed by an R wave
corresponding to activation of the healthy subepicardial muscle under the
electrode However, this R wave 1s not so tall as the original R wave re-
corded over the same area Therefore the R wave decreases n height and
a Q wave appears 1f the nfarct 15 subendocardal, whereas the R wave
disappears to be supplanted by a QS deflection if the nfarct 1s transmural
Which of these changes 1s recorded by an electrode depends upon 1ts rela
tion to the center or margin of the infarct Darect leads record T wave
1nversions only at the margins of experimental infarcts In chimcal myo
cardual mfarcuion, however, T wave mnversion 1s apt to be recorded in the
same ventricular complex 1 which QS deflections are present, 1n this case
the electrode 15 a sermidirect one and picks up a musture of the potentials
over the mfarct and m 1ts vicmty If the area of transmural infarction 1s
small QRS changes may be missed 1n the twelve lead electrocardiograms
now 1n more general use, or they may be recorded 1n only one lead Here
15 another reason for taking multiple leads
‘The area over which QRS, RS T and T wave changes develop depends,
among other considerations, upon the size of the safarct QS or QR waves
may be detected over a wide area 1f the infarct s large Although one might
expect that the prognosts 1 worse 1n Jarger than smaller infarcts, we know
of no study whuch establishes this possibithty The area showing changes
1n the ventneular complex depends also upon the onentation of the infarct
with relauon to the electrodes From the charactenstic changes developing
1n certain leads 1t 15 possible to localize an infarct quite accurately This
procedure 15 described at greater length below It must be emphasized
however, that at present localization of infarcts 15 of more academic than
practical interest Once dectsive evidence of acute myocardial infarction
has been obtamed, a record of the sequential changes that subsequently
occur 15 of no chinical value, 1t 1s a matter of hirtle moment if there 15 a lateral
component to an anterior or posterior myocardial infarct
As an infarct heals the scar 1s apt to contract to a smaller and smaller
area One which produced cavity potentials over perhaps four of the usual
precordial pomts mught then become so small that decisive changes are
now recorded at only one pommt If the scar 1s not located strategically with
relation to these precordzal points 1t may not be recorded at all
In contradistinction to the RS-T' and T wave changes which may be
evanescent and disappear entirely with healing of the mfarcr, the QRS
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changes are relatwely fixed Once they appear they are likely to persist,
usually for the remander of the pauent’s hfe On rare occasions Q waves
appear and disappear This 15 often difficult to explam By and large the
dectston regarding old myocardial infarction rests upon the detection of
characteristic changes m the QRS pl The ele: d ph
d of acute my dial nf: , on the other hand, 15 made on
the basis of charactenstic sequential changes m the RS-T, T and QRS
compleses As indicated below there are some cases of old infarction,
especially m assoctanon with ancurysm formauon m which the QRS,
RS-T and T wave changes may remam fixed over months or years Rarely
acute myocardial mfarction may be associated with characterisnc changes
m the RS-T segment and T waves only 1f2 good chinical hustory suggestive
of an acute episode s obtamed, the diagnosis of acute infarction 1 yustified
mn panents with these electrocardiographic findings These pauents are
sard generally to do well and on recovery may show no electrocardtographic
residue of infarction Some patients go through an entire chmcal eprsode
of acute myocardil mfarction without developmg corroboranve electro-
cardiographic evidence for the diguosts Others will yield decisue or
suggestve electrocardiographic findmgs only afier several tracings have
been recorded In one patent electrocardiograptuc changes did not appear
unt the third week of a ty preal clinseal episode Hence, although, as stated
above, seral tracings are not helpful once the diagnosts has been estab-
hished, they are umperative until that diagnosts has been made or another
diagnosis has been substituted

Anterolateral Infarction (Antero-aprcal Infarction) When an wmnfarct in
valves both the antertor and lateral aspects of the heart changes of the
type described above are generally recorded between Leads V3 and Ve
A clue ro anteralateral infarcrion 1s a decrease in the height of the R wave
as the electrode 15 moved to the left of Leads Vy or Va, but thus 1s not con
clusive QS defl corresponding 10 € ! wfarction may be
present over one, twa or three posiions At one or more positions o the
left of the QS wave and corresponding to a subendocardral extension of
the mfarct QR waves may be recorded (Figs 134 to 136) RS-T and T
waves changes of the type described above generally occur m association
with the QRS changes The exact leads tn wiuch these changes are e~
corded vary with the position of the heart and of the wnfarct vith relation
to the precordial leads and with the precision with whrch the electrodes
are placed at the same precordial posttions at each recordmng of the electso~
cardsogram

In these cases the infarct generally extends far enough laterally to be

g at the left should pecially 1f the heart hes m a honzontal
electrical position Even if the heart 1s not hortzontal the infarct may exvtend
tugh enough on the lateral surface to be tecorded at the left shoulder
Accordingly changes in the ventrcular comples are apt to be recorded m
Lead aV, as well as 1 the lateral precorchal Jeads Smnce the potentials of
Lead aVy, are written with unchanged polanity n Lead I, ths Jead shows
Q waves, ¢ d RS-T seg and ISHC 10V ETSION

P



CriNicAL ELECTROCARDIOGRAPHY 461

of the T waves On the other hand since Lead aVL. has a reversed polanty
1n 1ts contrbution to Lead IIT, Lead III 1s apt to develop smaller R waves,
deeper S waves, depressed RS-T segments and upnight T waves Thus

i 2 TR 3l, %}%‘ R

Fig 134 Anterolateral myocardial nfarction A senes of tracings following an
attack of acute coronary thrombosis which occurred July 20 1924 Note that the
hugh take off of the T wave and the subsequent sharp inverston occur i Lead T
Somewhat similar changes but 1n the opposite direction occur i T5 Also there
152 distinct Q; which persists even the following year These tracings were recorded
before the advent of chest leads but probably would be assocuated wath changes
1n Lead aVy, and in the left lateral chest leads similar to those recorded 1n Lead 1
and therefore probably represent infarction of the anterolaterat portion of the left
ventricle (Author s article 1n Oxford Loose Leaf Medicine vol 11)

Leads I and IIT may have a murror 1mage relationship as a result simply
of the pasticular galvanometer poles through winch left shoulder potentials
are routed Another cause of reciprocal changes 1n the electrocardiogram
15 descnibed below under posterior myocardial infarcnion
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If the mfarct 15 s0 onented that only T wave changes are transmutted to

the left shoulder, Lead X will record only an inverted T wave This T uave
rmught or mught not bave 2 so~called ¢ coronary’ contour Thus only dubous
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tracings were made, becamse of somting for twenty four hours and distress over

the ensiform These tracings were taken when a single precordsst

The eustence of a Q wdicates that the subend
extends far enough laterally to be recorded

QSyvp
apex

f the anfarct

se and 3 deeply

T wave m thus
lead was rouune
‘The emstence of &
the cardiac

Note the rounded and shghtly

1duals may be a proaunent
of absent R waves wheee R
QR complexes 1 the lateral

ocardual extension of

snfarct 1s located near
(o}

m Lead aVy
dial Jeads

s

ded m the p
Following heahng of the infarct the only x
Qr and the presence of decreasing R waves,
wares are ordimanly recorded, or of QS or

15

wndicates that the transmural part of the

A4

Fig 135
amverted T, and 2 small Q, Lead IVg shows deep QS {no R) wa

mverted T wave (Normally there should be an R and upnght
evidence for mfarction will be present 1 the standard leads when decisive

Iead ) The anack was considered as due to gastnns  three weeks bel
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Fig 136 Acute anterolateral changes possibly supenimposed upon old postero
fateral myocardial infarct (?) The pauent was a 62 year old widow without a
previous hustory of angina pectoris or myocardial infarction who developed severe
crushing mmdchest pain five days before admussion The wmunal set of tracings
recorded shortly after showed Qs 1 Leads IIT
and aVp and broad promnent Q waves in Leads II and V4 to Vg The RS T
segments were elevated 1 Leads Vg and Vg and shightly in Leads 11T and Vg
These changes indicate myocardial infarction probably acute During the first
week the patient developed an elevated seds rate and I The
second set of tracings taken three weeks later show persistence of the QRS
changes return of the displaced RS T segments toward the 1soelectric Lne and a
terminal dip 1n the T waves it Leads T and V to V¢ The next two sets of tracings
taken two and three months later show remrn to the appearance noted in the
onignal tracings The patient recovered In this case the RS T and T wave changes
were most marked anterolaterally while the QRS changes persisted posterolater
ally It 1s possible that QRS changes were present posterolaterally before the
present attack and that the only recent electrocardiographuc developments were
1scherme l: changes The changes four months afier the
attack suggest “This senes the difficulty

N interpreting tracings where more than one infarct of varying duranon may be
mnvolved

Fig 137 Acute anteroseptal infarction The upper set shows the three standard
teads that are not definitely diagnostic of myocardual mfarction The lower set of
six bipolar chest leads shows absence of an imtal upward deflection 1n CF ¢
and an elevation of RS T 1 CFj to CF, with late mversion of T waves These
are duagnostic of anteroseptal infarction The pauent was a man 75 years old with
a known old gastric ulcer who developed pam 1n the sphoid region which was
first musinterpreted as due to a subacute perforaton of the stomach
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precordium . Generally these changes are much mare readily appreciated
m the precordial than m the standard or unipolar limb leads

Anteroseptal Infarction Here the changes are recorded 1n the region of
the sternum, usually in Lead Vy through V4 (Figs 137 w0 141) Changes
1 Lead Vi and V2 are sard to be more commonty assocated with nfarction
of the seprum whereas lesions located nearer the apex are Itkely to be asso
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Fig 138 Acute anterose pral myocardual infarction Ths sestes of tracings shows
theee standard leads and ‘CF begmnning about four hours after the onset The
standard leads go through the customary changes of antenor mfarcon 1¢
clevauon of RS T, and = depressed RS T's beconung & sharply upssght T; Note
that the first set shows a very hugh take off of RS T“F which rematns elevated
tor over 2 week and finally becomes sharply mnerted The Ryvg 15 absent through
out Ths 15 chy of dsal The lowest set
shows the six precordual leads CFy 10 CF¢ Note that R is absent and T 13 sharply
myverted aver the first four a lasge area of ¢
Patient was 2 man 41 years old who recovered and became sympromless

crated with a small R wave i Lead V1, grving way to QS or QR complexes
s Leads V2 and Vs A decrease in the size of the R wave as the electrode
moves to the left 55 Ppresumpuve but not conclusive evidence of old amemd-
septal nfarct (Fig 141) In rare cases elevaton of the RS-T segments an
mverted T waves may be msenibed at Leads Vi and V2 n the absence of
more dstinctive QRS changes than are ordmartly present i these aress
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Fortunately myocardsal mfarction 1s not prone to develop i the age and
sex groups which may normally show mverted T waves aver the might
ventricle

RS T and T wave changes may be recorded to the left of Leads V3 or
V4 but only rarely are diagnostic changes refiected 1n Lead aVL or Lead I
The reason for thss 1s that, by and large, the electrical forces are onented
1n an anteropostertor plane and have little or no projection upon the frontal

infarction  The upper

taken October 5 1941 show the three standard leads the three uﬁiﬁohlrh;xen:hsl:fl:
(Vg Vy and Vg) and the six precordual leads (V; to V) Note the absence of R
waves 1n V; to V3 and the gradual appearance of dipping and mversion of T
from V; to Vg The lower two strips were made October 27 1941 and show shght
regression of the abnormaliues The patient was a woman 53 years of age who
had a coronary thrombosis two months before and another twelve hours before
the first tracing was made Recovery was satisfactory

plane of the body Infarcts m this location were
particularly Liable to b
xl:ussed w;li? only the three conventional leads were 1n use 'lxhey can als;
e mussed 1if one takes only a sigle precordial I
Se mused gle p ead located to the left of
Occasionally 1t 15 difficult to decide from leads taken over the
e righ -
cordium whether old anteroseptal infarction 15 present Since thrclgkt\f: e
may normally be absent or small in Leads Vy and V3, and since R waves
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may be small or absent over a lasger area (Vi through V3 or even Vi) in
individuals with left ventricular hypertrophy or complete or moomplete
feft bundle branch bloch 1 may be difficult or 1mpossible to decrde whether
an ofd anteroseptal snfaret 15 present In such cases it may be necessary to

Fig 140 Acute anteroseptal myocardul nfarct The immnal set of Exncmgs
shows the ch changes of 1 infa as of

uncertain duration. Late mversion of the T waves in Leads V; 1o Vs of the second
set of tracings suggested that the process was acute and the QR complex 1n Lead
Vs ind bendocardul of the wmnfarct The patient was a 78 year
old man who had a typrcal chrucal attack of coronary thrombosis following 2
fracture of the wrist He died five days after the second set of tracings was recorded
Postmortem exanunation showed a large anteroseptal mfatct extendimg .':lmLusr jhe
entire distance from the apex to the 1 lar sulcus with s
cardual hemorthage and smvolving the antenos half of the septum Popliteal
i and a Jarge puk y embolus to the right Jower lobe of the
lung were also found

report thatall of the changes can be accounted for by lefe ventncular hyper
trophy, for example, but that old ptal infarct cannot be excluded

High Lateral Infarction localization of an mfarct to the upper left
border of the heart, spanng the apex and not detectable with certamnty

w the usual six precordial leads 15 rare In cases of thus sort a clue to the
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exstence of high Jateral infarcuon may be the presence of 2 promment
Q wave followed by an R wave at the left shoulder Some difficulty 15
encountered m evaluaung this findmg 1n vertical hearts which may also
show a promment Q or QS wave at Lead aVL The finding of an verted
P wave preceding this QRS complex would be mare consistent with a
vertically placed heart, for then auncular as well as ventricular depolariza-
tion proceeds away from the left shoulder One would then have 1o con-
cude that the left shoulder electrode must face the auriculaveninicular
valve ning through 1ts aunicular aspect, and that the Q wave mscribed at
the left shoulder lead rep cavity p 1 d through the
valve nng If, on the other hand, the P wave s upnight, auricular depolar-

T,:{\Z’:%.

Fig 141 OId anteroseptal myocardial mfarction The upper set shows the
three standard leads and the Jower the six precordial leads taken February lo
1943 Note that the R wave gradually decreases i size from V, to V3 sa that 1t
is absent at V3 There are also changes 1n T m V4 to V4 The broad promunent
Q wave 1n Lead II and the notched QS wave m Lead III may be explaned by a
coexastent old posterior lesion by anteroposterior (Roesler Dressler) infarction or
of the heart were 1 an extreme vertcal posison by transmussion of the cavity
potentials from the anterior surface of the heart to the left leg The patient was

2 man 39 years old with severe chronic arthntts who had an acute coronary
thrombosss 1n April of 1942

1zation must proceed toward the electrode Unless the electrode happens
1o lie ;n precise relation to the eprcardial aspect of the aunculoventricular
sulcus, one would be justfied m assuming that i1t overlay the mfarcted
free wall of the left ventricle, p: ) g cavity p Is to 1t

Generally a final decision as to high lateral infarction cannot be made from
this finding However, if addinonal leads are then taken 1n the second

third and fourth interspaces n the midclavicular 1n the anteror and mud-
axillary Iines, one may find quivocal evid: of 1nfa m broad
pronmunent Q waves with or without RS-T and T wan ¢ changes, distnbuted
over a constderable area In our expenence hugh lateral infarcts have con-
stituted portions of wfarcts already easily detected elsewhere but they
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have been reported in the Literature as lesions localized to the left upper
margin of the heart

Posterror Myocardial Infarction The posterior aspect of the heart hes
upon the cupola formed by the left leaf of the diaphragm The potentials
of the posterior wall are transmitted through the diaphragm to the left leg,
which 15 relatively remote from the heart Lead aVy therefore records the
composite potentials of the posterior, and to a lesser extent, of other aspects
of the heart Hence posterior wall nfarcts are generally detected i Lead
aVg Lead aVr contributes 1n a positive way to the potenttals of both

Fig 142 Acute posterior myocardial infarct Attack June 14 1934 four hours
before first set of curves Subsequent tracmgs taken June 20 1934 July 6 1934
and August 17 1934 Note very high take off with monophasic action current in
Lead III of first set Note also that Q waves have not yet developed in the first
set The RS T segment returns subsequently to the ssoelectric lme and the T
wave mverts A Q, and Q; gradually develop and persist

Leads 11 and ITT Other things bemg equal, these two standard leads may
also detect the changes of posterior wall mfarction (Figs 142 to 145) Until
the advent of unipolar lead electrocardiography promunent Q waves, cle
vated RS-T segments and mverted T waves m Lead IIT, and to a lesser
extent, tn Lead IT as well have been the evidence upon which the dragnosis
has been made However, Leads IT and I11 are composite leads A Q wave
n Lead IT1 may result from a Qav, or from an Ray, The use of these
umpolar imb leads enables one to decide, at a glance, which of these tho
posstbulities explains Q3 and therefore, 1 large measure, enables one 10
“’ decrde whether 2 promment Qs 1s the result of posterior my ocardial infarc-
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tion or of left ventricular eptcardial potentials transmutted to the left shoul-
der It 1s 1n thus chfferenniation that the unpolar hmb leads have their
greatest field of usefulness In the deatsion of nsurability, for example a
promumnent Q3 may be the only restdual of a previous posterior mfaret If,
with such a finding a promunent Rav, but no Quve (Fig 27) or an mcon-~
sprcuous Qav; are found, one may dismiss the Qs as evidence of an old
posterior scat In the same ar 2 broad, p Qave would

Fig 1434 Legend on page 470

be decisive evidence of old postenior wall infarction (Fig 38) Authorites
duffer as to yust what yardstick should be used to decide whether Qav, 1
sigmficant We have adopted the critera of Myers who states that if QRS
has a total deflection of 5mm or more and the Q wave measures 25 per cent
or more of the R wave n that Jead and the Q wave measures 0 03 second
or more from onset to nadir, the unequivocal dragnos:s of postenor wall
wmfarction can be made If only one of these two critena 1s present the
tracing must be regarded as borderline and consistent with that dragnoss
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In our experence, 1f the Q wave measures 0 04 second from onset to nadsr,
postertor nfarction 15 probable It 15 dangerous to draw conclustons from
the form of the QRS complex if the total excursion 1s less than 5 mm In

e

Fig 143 A and B Acute posterior myocardial infarction  Attack of coronary
thrombosws on January 12 1925 Note the sequence of changes in the ventricular
complexes beginmng with a hugh take-off of the RS T segment 1 Lead 11T
gradually becoming lower and dipped and finally marked anversion. of Ty Parual
heart block was present in the early days A promunent Q; and Q; developed snd
persisted If untpolar Limb leads were taken m thus case Lead aVy would cer
tainly have recorded the same type of changes as those recorded 1n Leads 1{ and
III The pauent did well for five years after the ateack (Author s arnele in Oxford
Loose Leaf Medicine vol IT)

that case one may well be dealing with the * transsuonal zone, recording
the composite potennals of both the nght and left ventncle In any cas¢
the associated presence of RS-T and T wave changes enhances the valve
of changes 1 the QRS complex which of themselves may be of dubios
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significance The important pomt should be stressed that even with the
help offered by Lead aVr 1t still may be necessary to report equivocal fmd-
ngs The vast majorury of cases showing p Q3 but no sig

Qavy do not have posterior mfarction, but we have observed a few excep-
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Fig 143 Acute postenior myocardial infarction The first set of tracings was
taken six hours after the onset of a typical attack of coronary thrombosts Note
depressed RS T segment in Leads I and IV with elevauon of RS T segment
n Leads I1 and 111 a distinct Q and Q; and then the gradual development of
sharp mversion of T and T; with 2 marked exaggeration of the uprnight T wave
in Lead IVp These tracings allustrate the two respects in which the precordial
leads may be of possible help 1n the diagnosts of posterior infarction namely
depression of the RS T segment and the development of very tall T waves 11t one
or more precordial leads These changes may be the earliest clue to that diagnosts
The patient was 2 man 42 years old who wiule shoveling sand had severe pain
1n the chest radtaung down both arms He had shght fever leukocytosts increased
sedimentation rate and the blood cholesterol was 410 Recovery was excellent

tional cases 1 which posterior mfarction was present under these circum-
stances In these cases, however, the development of associated RS-T
changes g ly was suffi to establish the d It 1s possible
that mn these cases the pauent died before the QRS changes had sufficient
timie to develop, that the potentials of the mfarct were directed at right
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angles to the frontal plane of the body, or that the infarct was not ot
ented toward the left leg because of some other pecubanty mn the elec-
trical posstion of the heart A prommnent QS complex in Lead aVy 15 much
more difficult to evaluate Thus appearance 15 occasionally seen with feft
ventricular hypertrophv in the absence of postenor infarcuon It has been
claimed that this 1s due to the transmussion of cavity potentals to the left

Fig 145 Acute postertor mvocardial nfarction The attack owcurred June 23
1934 The first tracing was made July 11 1934 the second July 18 1934 Note
rounded and dipped T, and T5 Lead 1Vp shows a pormal R wave and an exag
gerated upnght T wave Sumlar T waves may be observed in potassium wtayic2
tion but the T waves 1n the hmb leads are apt to be powted and upright 1n that
condition rather than mverted as here

leg but just how thus can come about 1s not clear The pomt, howeser, 15
that a promunent Qqv, 15 Iikely 1o uigmify posterior nfarcuon only if 1t 15
followed by an R wave, however small

The precordial Jeads may occastonally be of sonte help durng, the acute
stage of postenior myocardal wmfarcuon Two types of change, sungly or 10
combination, may be present These consist of the presence of tall T waves
or depressed RS-T segments (Figs 144 and 145) The former are to be dis

%
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nngushed from the tall, narrower, poted T waves which occur 1 potas-~
sium porsomng and the latter from the depressed RS-T segments which
can develop 1n subendocardial 1sct or 1nfs nvolving the antenor
wall of the heart The described changes in the precordial leads 1n posterior
ipfarction may acrually precede the development of QRS, RS-T or T
waves changes m Leads aVE, 1E or III They are apt to be very transitory
1 therr appearance Hence the precordral leads are not of much help
the diagnosss of o/d posterior myocardial nfarction

In the section on anterolateral infarction 1t was pointed out that seciprocal
changes may develop 1n Leads I and HIT merely as a consequence of the fact
that left shoulder potentials are routed through the electrocardiograph 10
one direction tn wrinng one of these Jeads and 1n the opposite direction
1 wriung the other However, reciprocal changes 1n the electrocardtogram
can also develop because one electrode may face one aspect of a current of
nyury while gnother electrode faces ts opposite aspect This 1s the explana
tion for the reciprocal changes described 1n the preceding paragraph In
certain cases of acute postersor myocardial mfarcuon the left leg electrode
faces the epicardral aspect of the infarct and records an elevation of the
RS-T segment, whereas one or more of the precordual leads may face the
endocardial aspect of the infarct and therefore records depressed RS-T
segments

Tt should be obvious that because of the distance of the left leg or, for that
matter, of the grom from the heart, one lacks 1 Lead aVg the abihtv
to delineate precisely the presence and extent of a posterior infarct that
the muluple precordial leads possess 1n the detecuon of antenor mfarcts
With the usual precordial leads tapping the potentials approximately over
a horizontal plane on the chest one can demarcate anteroseptal, antero-
lateral, massive anterior or, with additional leads, hugh lateral lesions No
such preaston 15 possible with postenior wall infarcts Esophageal leads
recorded at ventricular levels indicating changes i a more vertical plane
1 the body, may offer some help 1n thus regard but the procedure 1s some
what annoying and should not be trred if the patient s condition 1s too
criucal In chronte cases i which Lead aVE gives equivocal evidence of
posterior mnfarction our experzence has shown that esophageal leads are
apt 1o leave one just about as much m donbt This deserves further study
Mere repetition of the entire set of tracngs which may happen to change
the relatonship of the heart to the left leg, 1s less disturbing and, 1 many
cases, reveals deaisive changes one way or the other The practice of Gold-
berger of having the patient take a deep breath durning the recording of
Lead aVg may accomplish the same purpose Generally speaking, esopha-
geal lleads are much more helpful in the study of electrical acavity m the
auricles

Normally, as the electrode nses from the lower esophagus, near the
dizphragm, the auncular waves are very shghr until the electrode reaches
a point just betund the lefi auncle Then very sharp P waves appear (Fig
146) Thus makes 1t very simple to know that the electrode 15 lower than
the auncle and therefore adjacent to the postertor portion of the left ven-
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tricle From thss latter position the ventricular complex normally should
casplay a promunent R wave, possibly preceded by a very small Q and fol-
lowed by an upright T If the postenor wall 1s infarcted the ventricular
complex will show the same changes that are found with an antertor mfarc-
tion when the precordial electrode 1s placed over the precordium, 1€, an
absent R, an mverted T (Fig 146), and possibly a deviaton of the S-T
segment during the acute stages

IERERAD

PO

iy
Fig 146 Esophageal leads—p 100 The upper set shows threc
standard leads of a posterior The next set shows the six

precordial leads using the central termnal and gives no posiave evidence of infarc

tion The third set was taken with an electrode m the esophagus at vanous levels
from the external nasal onfice (number of centimeters) Note that at distance
E 71 to E 50, when the electrode was adjacent to the left ventricle there were no
R waves and T waves were inverted Contrast these with esophageal curves
from 2 normal individual shown 1n the lowest set (E 56 and E 52) The appear

ance of sharp P waves marks the presence of the electrode behind the left auricle
and only ventricular complexes below this pomt are significant ‘The upper threc
tracings afford positve proof of posterior infarction

The varous grades of aurtculoventricular heart block may occur with
anterior myocardral infarction but, because the bundle of His and asso-
ciated tissues are irnigated through the same artery that generally nournshes
the posterior aspect of the heart, namely the nght coronary artery, this
complication 1s much more frequent with posterior mfarction

Posterolateral Infarction If the posterior as well as the lateral aspects of
the heart are mfarcted the potennal changes produced by the nfarct are
reflected to Lead Vs or Leads V5 and Ve as well as to Lead aVr Figures
147-149 are examples of nfarcts of this type Sice these leads may be
located about 180 degrees around the ventricles from Leads Vi and V2,
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Fig 147 Acute posterolateral myocardial infarction The tracings show promi
nent Q waves elevated RS T segments and termunal mversion of T waves 1
Leads II 11T aVg Vsand Vg Note of the RS T
1n Leads V; 3 The patient was 2 62 year old diabetic who had a typical cofonary
occlusion two days previously He died on the morung of adnussion Postmortem
showed a large wnfarct and a thrombus 1t the circumflex
branch of the left coronary artery wiich 1n this case supphed the posterior wall
of the heart

T
Fig 148 Old posterolateral myocardual infarction The broad promunent Q
waves 1 Leads 11 and 11T are assocuated with a broad promunent Quy,, This
establishes the exmstence of a postenior nfarct Intraventncular block F:s also
present (QRS = 011 second) Note how the Q waves present n Leads Vs and
Ve are missed 1n Leads CFs and CFg This results from the large Q wave in
Lead aVg which contnibutes an R wave to the bipolar CF leads The patent was
60 year old man who had had an acute coronary occlusion one year previously
and died of a severe viral P showed a large
posterolateral scar In this case the failure to detect the lateral cor
nfarct by the CF leads was not important chinscally ersl component of the
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Fig 149 See legend on oppostte page

one may find reciprocal changes 1n the latter leads (Fig 147) Thus the deep
Qwaves and elevated RS-T segments of Leads aVg, Vs and Ve may be asso
ciated with tall R waves and depressed RS-T segments m Leads Vyand V2
In Figure 149 the development of ths tall R wave over the night side of the
precordium, resultung from unbalanced forces (the fatlure of the posterior
wall to be normally activated accounting for the release of these R waves)
obscured the previous evidence of old anteroseptal infarction This phe
nomenon probably accounts for many of the failures to detect an old infarct
mn the face of fresh nfarction or to detect muluple old wfarcts

It 1s mmportant to bear m mund that, 1 additon to the possibility of
posterolateral 1nfarction, changes suggesting comcident posterior an
antenor infarction may be produced m two other ways (1) In the so called
anteroposterior (Roesler-Dressler) infarct, which 1nvolves the mterven-
tricular septum and the contiguous portions of the posterior and anterior
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Fig 149 (Continued) Acute 2 masking old
infarcuon The patient was a 66 year old man with long standing angina pectorts
and a severe episode of prolonged chest pamn seven years previously who was
adeutted for recurrent chest pam The mmual set of tracings showed a broad
prominent  wave in Leads IT IIf and aVp regarded as evidence of posteror
myocardial wnfarction of uncertan durauon The R wave was absent mn Lead V,
and small m Leads V, and V; old farct
tracings showed R waves of considerable magmitude m Leads V, and V; Eleva
tion of the RS T segments 1n Leads III aVy and V5 and Vg suggested fresh

P showed a large acute infarct of

the lateral wall of the heart midway between the apex and the aunculoventn
cular sulcus and an old anteroseptal scar In thus case the miual set of curves
showed uncertamn evidence and the subsequent curves no evidence of old antertor
scarnog The mechansm of balance of forces 1s one way i which multiple
snfarcts may be mussed

ventmcular walls, deep Q waves elevated RS T segments and T waves
may be recorded 1n Leads aVF, II, 111, and 1 general one or more of the
leads between Lead V) and Lead Vy (2) If the heart 1s 1 an extreme ver-
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tical position the potentials of the antero-apical portion of the heart may
theoretically be transmutted through the diaphragm to the left leg and
accordingly to Leads aVg, Il and II1 Similar unusual rotations may account
for vanations in the standard desctiptions of the electrocardiographic
changes described here It must be pomted out, however, that it 15 fre~
quently quite difficult to define the electrical posiuon of nfarcted hearts
Infarction may render a considerable part of the ventricles electrically
mactive and thus give preponderant electrical weight to the uninfarcted
part of the heart, qute independently of the position of the heart The
estimation of the electrical position of the heart depends upon the defim
tion of right and left ventricular potentials and their reflection to the ex-
tremities In mfarction, changes from one type of potential to another may
be due to a transttion not from one ventricle to another but from an -
farcted to an umnfarcted area, and mn any given case 1t may be impossible
to decide which With thus limutation m mnd it 1s frequently possible to
estimate the electrical position of the mfarcted heart

A word of warning about the accuracy of the electrocardiographic diag-
nosts of myocardsal infarction, a warning perhaps not adequately sounded
in recent publicatons While 1t 15 true that the introduction of multiple
chest leads and unipolar limb and chest leads has increased the accuracy
of detection and locahization of infarcts, 1ts more 1mportant contribution
has been 1 a better understanding of the electrophysical principles -
volved As before the advent of these mote elaborate studies, wnfarction,
especrally old myocardial scars, can stll be missed by the electrocardio-
gram Thus, 1n a recent electrocardiographic-pathologic correlation,
although the electrocardiographic diagnosis of acute anterior or posterior
myocardial mfarction was mnvanably substantiated at postmortem exam-
1mation, 2 small mmonty of cases wath an acute anatomuc lesion failed to
show diagnostic electrocardiographic evidence for fresh infarction In those
few cases 1n which the diagnosis was mussed the electrocardiogram was
abnormal but nonspecific or the changes of acute mfarction were obscured
by bundle branch block, left ventricular hypertrophy or acute mnfarction
elsewhere 1n the heart In the cases of healed myocardsal infarction, more-~
over, although the electrocardiographic diagnosis was almost wnwvariably
substantiated when made (the single exception showed decreasing R waves
m Leads Vi to V3 with no scar at autopsy), the greater majorty of scars
found on the postmortem table were mussed electrocardiographically Here
agam the electrocardiogram was abnormal but not diagnostic and the
changes were obscured, among other causes, by left ventricular hyper-
trophy, bundle branch block or old or recent nfarction elsewhere 1n the
heart

Myocardial Infarctron snth Bundle Branchk Block Pure mfarction of the
right ventricle 15 almost unknown When part of the wall of the right ven-
tricle 35 nfarcted antersorly or postersorly this 1s but a small component of
an infarct ivolving Jargely the ¢ interventricular septum and Jeft
ventricle By and large, then, myocarchal nfarction 1s a left ventricular
affur To understand the electrocardiographic changes which occur 1=
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myocardral infarction complhicated by or comphcating bundle branch block
1t 15 1mportant to bear this point 10 mund
In nght bundle branch block the septum s activated, as normally, from its
left to 1ts nght side Therefore the left ventricular cavity potential shows an
imnal downward deflection, 1f now the free wall of the left ventricle 1s
snfarcted this downward deflecuion (Q wave) may be transmutted through
a transmural 1nfarct to Lead aV if the wfarct happens to be posterior 1
location or to the left side of the precordrum if the infarct happens to be
antersor 1n location (Figs 150 to 153) Hence the QRS changes of left ven-
tricular infarchion persist with night bundle branch block Furthermore,
sunce the bundle branch of the ventricle (right) opposite that 1n which we
are mterested 1s the one which 15 blocked there 1s nothing to mask the
o -
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Fig 150 Transient night bundle branch block complicating acute anteroseptal
myocardial infarction The patient was a 54 year old robust fireman without
previous angma pectoris who was hospitalized because of severe chest pan and
shock Tracmgs on admussion showed elevated RS T segments i Leads V) to
Vs Note monophasic’ action currents 1n Leads V, to V, This extreme degree
of current of mjury 1s no more ommnous than shight but definite RS T segment
elevations In the second set of tracings the ongmal evidence of acute antero-
septal mfarction 1e deep Q waves and elevated RS T segments 1s still present
despite the supervenuon of mght bundle branch block Three days later the
night bundle branch block disappeared The panent died on his eleventh hospital
day Postmortem examunation showed a massive anteroseptal infarct principally

mvolving the septum There was also an aneurysm of the apical part of the left
ventricle

development of the other electrocardiographuc features of left ventnicular
farction, namely RS-T segment and T wave changes Hence the changes
of dial may be d to remain 1n spite of the persist-
ence or mceptron of right bundle branch block

When on the other hand left bundle branch block 1s present, the electro-
cardiogram generally fals to show the endence of left ventncular mfarc-
uon In left bundle branch block septal actvation proceeds from 1ts nght
toitsleft side Therefore the left ventricular cavity records an mitial upward
(R) defl whichis d through a 1nfarct to the left
precordium or the left leg, depending upon the location of the infarct The
loss of a deep broad cavity Q wave wath the development of left bundle
branch block 1s illustrated i Figure 35 1f thus patient had been first seen
at the time of the second set of tracngs the diagnosts of posterior myo-
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Fig 151 Rught bundle branch block with old anteroseptal myocardial mfarc
tion QRS duration 0 14 second Broad Q waves and late intrinsicord deflections
are recorded over the nght ventricle The Q waves can be explained by septal
wnfarcuon permutting the passive transmmussion of left ventricular potentials to the
nght side of the precordium As 1n Figure 34 the uprght QRS and mverted T
wave 1n Lead T mught muslead one wnto the diagnoss of left bundle branch block
but the late intrinsicoid deflections over the nght side of the precordium estab
lish the diagnosis of nght bundle branch block The probable explanaton for
this 1s the of nght \l to the left shoulder Note
how left ventricular potentials are not recorded untl Lead Vg 1s reached The
patient was a 71 year old man with angina pectons for twenty two years and con
gestive heart fallure smce a definite episode of myocardial infarction seven years
before these tracings were taken

ock with old anteroseptal myocardial infarc
tion The duration of the QRS complex 1s 0 12 second Late mtrmsicord deflec
tions are recorded over the right ventricle The Q waves are pas wely trans
mutted across the septum from the left ventricle to the right side of the precordium
The patient was an 82 year old man with a chronte duodenal ulcer He gave no
Hustory suggesung angina pectons or coronary occlusion but he showed evidence
of cerebral and was an Liabl Here the elec
trocardiogram gave decisive evidence not otherwise obtamed
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cardral nfarcuon could not have been made on electrocardio;

grounds Smce moreover,

the left ventricle 15 the delayed ventcle the
f the ventricular complex generally encroaches

slurred turret top portion of
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upon the area 1 which RS-T segment elevations mav be expected to de-
velop The RS-T segment depresston and T wave mversion which are
presentover the blocked left ventricle may be explained as changes “second

ary’ to the bundle branch block and to the abnormal du'ecuon of actvation
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Fig 154 Antenor myocardial infarction with transient left bundle branch block
The first set was made a few hours after the onset of an attack of acute coronary
thrombosis Note the Jeft bundle branch block Lead CF, ts most urusual in that
1t shows a very high RS T juncuon This s ememcly rare i ltft bundle branch
block and 15 very of acute SIX P
feads on June 4 1943 show a late mntrnsicond deflecon (artow) aver the feft
ventnicle confirming the duagnoss of left bundle branch block Curves on June 7
1943 show that the Jeft bundle branch block 1s gone Now the mtnnsicord defl*c-
tion (arrow) 1s early The lowest set shows that finally Ty, becomes sharply
mverted The patient was a man 75 years of age who had an operauon for herma
under spinal anesthes:a Preoperative blood pressure was 190 systobc and Ilg
diastolic, but quickly became smpercepuble One hour after the fall in bloo
pressure a operation was completed pawn in the chest was first fck ‘The p.mcm
then ran a typieal course of acute coronary bosis and

of the heart Hence one does not generally get much help from the RS-T

segment or T wave changes in left bundle branch block If, on the other
hand, as rarely happens, the oppesite type of RS-T segment deviation,
pamely elevation, 1s observed over the blocked left ventricle, one may
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assume acute mnfarction (Fig 154), especially if the degree of elevanon
recedes while the patient 15 under observanon Here a seres of tracings
reveals definite and charactersstic changes The bundle branch block m this
case was also transient so that curves could be studied in block and out of
block Both the early and the late abnormaliues of muscle injury are appar
ent In thevast majonty of cases of left bundle branch block and myocardial
nfarction, however, the electrocardiogram shows the fixed changes of left
bundle branch block, and the deciston regarding fresh myocardial infarction
must rest upon other laboratory or clinical findings

Septal Infarction When the septum 15 infarcted the leston 1s usually the
septal component of a lesion of the anterior or postenor wall of the heart
Those nvolving the posterobasal portion of the septum are more fre-
quently associated with auriculoventnicular block With mvolvement of
either the antertor or postertor part of the septum, bundle branch block 1

i3

5 IR i i

1g 156 Left bundle branch block with old posterior myocardial nfarction
The QRS complex measures 0 12 second A late minnsicord deflecuon and a
turret topped QRS complex 1 Lead Vi suggests left bundle branch block The
broad Q wave m Lead aVy, establishes the existence of an old postertor myocardial
infarction The Q wave 1 Lead Vg may be explamed by septal mfarction per

mrting passtve of right v s to the left side of the
precordium The patient was a 65 year old man who had an acute posterior occlu
sion five months 1 ray showed n the

descending branch of the left corenary artery

quite common (Figs 151 to 156) In rare cases the infarct may extend
through the entire anteropostertor extent of the septum and mvole the
adjacent portions of the posterior and anteror walls (anteroposterior or
Roesler-Dressler infarcts), producing changes m Lead aVF and 1 some
of the precordral leads Infarction of the septum ss of particular tmportance
1n certain cases in explainng the presence of Q waves over 2 blocked yven-
_ tracle in bundle branch block Here we are confronted with a complicated
aspect of an already complicated situation In right bundle branch block
the septum 1s acuvated, as normally, from 1ts left to 1ts nght side If the
septum 1s 1ntact an mtial upward deflection therefore appears 1 the nght
ventricular cavity and 1 transmutted to the right precordium If under the
same arcumstances the septum s infarcted, the left ventricular potentals,
consisung of an 1mtial d ard defl may be d passely
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through the infarcted septum to the clectrode over the right ventnicle where
Q wancs are recorded (Figs 151 and 152) On the other hand, in left bundle
branch block the septum 1s actvated from 1ts night to 1ts left side If the
septum 1s intact an 1utial upward deflection appears n the left ventricular
cavity and 1§ d to the left p d where an minal R wave 1s
mscribed If, now, the septum 1s nfarcted, the inttial downward deflection
of the nght ventricular cavity may be transmutted passively through the
1nfarct to the left ventricular cavity and thence to the left precordium where
2 Q wave may be recorded (Fig 156) A Q wave, therefore, 15 not expected
over the night ventnicle in nght bundle branch block or over the left ven
tricle 1n left bundle branch block unless the septum 1s infarcted An appear-
ance simulatng left bundle branch block with septal nfarction may be
produced even 1f there 15 no bundle branch block and the septum 1s intact,
by a subendocardsal scar of the free wall of 2 markedly hypertrophied left
ventricle or by extreme ventricular hypertrophy assoctated with hyper-
trophy of the septum (Fig 40)

Subendocardial Infarction Most transmural imfarcts are wedge shaped
with the broad part of the wedge on the endocardial aspect of the heart
An electrode overlymng the transmural part of an old mfarct generally re-
cords a QS deflection, whereas one 1n relation to the epicardial aspect of
the pertpheral portion of this same infarct records a QR deflection, the Q
wave being due to unopposed of the opp ventricular wall,
and the R to subsequent actination of the healthy subepicardral muscle
overlying the infarct Changes similar to the latter bave been recorded over
scars which are purely subendocardial Acute subendocardial infarcts
apparently can produce displacements of the RS T segment in either
direction  An extremely interestng subgroup m this latter category are
those cases showing electrocardiographic changes simlar to those classically
developing during stress tests for coronary insufficiency, namely, depressed
RS T segments over the precordium and an elevated RS T segment mn
Lead aVg, without concurrent QRS changes (Fig 157) In some cases of
thus sort, developing charactenstically under circumstances m which there
seems to be a total rather than a segmental impaitment of the coronary
blood flow, postmortem exarunation may show tmbike subendocardial
mfarcts mvolving all or most of the subendocardial muscle The RS-T
segment depresstons i the precordial leads and the RS-T segment eleva-
tion n Lead aVR whuch faces the ventricular cavitses, are probably due to
the orientation of the injured area toward the endocardium The faslure of
Qwaves to develop n these cases may be related to the fact that the subendo-
cardium 15 extensnely and umiformly infarcted, and that no part of the
endocardium of the ventricular wall opposite the electrode 15 able to get
2 head start 1 being actvated The subendocardial muscle stself or healthy
sslands of nssue mterspersed with 1t must be capable of conducting the
impulse to the healthy subepicardial muscle else the latter could not be
activated Since QRS changes may not develop 1t 15 often imposstble from
a single tracing to decide 1f the changes bendocard h
or mnfarction The persistence of these changes over a number of days,




486 CLiNicAL HEaRT DiseAse

especially 1f associated wath correlatve cliucal or laboratory findings,
would favor the diagnosss of infarcuon

arRT o.VL mw'

Fig 157 Acute suhcndocardqal wfarcuon The paucm was a 53 year old man
with 2 positive serologic test for syphulis and typical angina pectoris for ten
months Following four days of extreme pain he was admutted tn shock The
tracings show depressed RS T segments 1 Leads T 11 aVp and V to Vg, and
an elevated RS T segment in Lead aVy The R waves are very small 1 Leads
V1 to V3 Autopsy showed a fresh circumferennal sybendocardial infarct and syph
ihuc disease of the coronary artery orifices and nght common carotd artery
Tracings of thus type may be recorded as 3 rransient change dunng angina pectons

1 I I oVR aVL oVF VI V2 V3 V4 V5 V6

LN /Ui Ak i e S S
S g T
-,
< r- !( N _{\/’ I'V' ’\/-‘“:v:
Fig 158 Mjocardial infarction 1n the absence of QRS changes ( ischerue T
waves ) The patent a 63 year old woman had repeated episodes of angma
pectons abating on rest or mtroglycenn dunng and shortdy before her hos
pitalization The imunial tracing (see also Fig 21) showed the characterisuc changes
of left ventricular hypertrophy but the T waves over the right ventricle were
mverted rather than upright as one would :xpecl them to be 1n left ventnculat
by hy This change dia] 1schemua or infarc
uon Subsequent tracings showed waxing and WH.mng of the wnverted T waves
and prolongauon of the Q T mrerval (R = 049) suggestng but pot proving
anterior myocardial infarction without QRS changes This patient p:esmted no

laboratory evidence 1p; d and was
same changes 1n t clincal and fal Y fmdmzs

with
would be acceptable evidence for scute myocardial mfacction Most cases with
clectrocardiographuc changes of this fype do well so that anatomic proof of mfarc
tion 13 generally facking

Acute Myocardial Infarction Without QRS changes Attenton has just

been directed to the fact that subendocardial snfarction may develop with
out sienificant ORS chanves There appears simularly to be a small group
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of cases of infarction resembhng pericardinss m that RS-T and T wave
changes develop without QRS changes, but differing from pericarditis 10
the degree of these changes In these cases a diagnosts of my ocardial infarc-
ton may be justified 1f there are ¢ chncal and lat y findings
sustainimg that diagnosis In the absence of a clear cut cliueal story and

Fig 159 The fixed patrern of acute dial

aneurysm The pattent a 66 year old man had an acute myocardial infarction m
1946 The first set of tracings taken sixteen months later when the patient com
plamned of dyspnea and angina show deep Q waves clevated RS T segments and
termunally inverted T waves 1n Lead V to V; As such these curves suggested
acute myocardial infarction bur there was no climrcal or laboratory evidence
suggestmg this diagnosis Physical examination showed a systohc precordial bulge
and fluoroscopy showed a paradoxical outward thrust with ventricular systole
The second set of tracings was obtamed eleven months later when the patient
was in congestive faure They show the same el ds

features again n the absence of chincal or laboratory evidence for fresh infarction
These are two of a long senes of tracings showing the same appearance Right
bundle branch block developed by March 1950 The patient died suddenly one

month later Autopsy showed a large aneurysm of the left ventnicle which was
tremendously hypertrophied

particularly if fever, levkocytosis and elevated sedimentatron rate are lack-
mg, 1t 15 probably more accurate to refer to these changes as * 1schemic
m nature (Fig 158) The prognosts appears to be good m either case Thus
far there 1s a paucity of reports of autopsied cases which showed only
RS-T segment and T wave changes

Ventricular Aneurysm RS-T segment displacements developing durmg
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acute myocardal infarcion are generally short-Iived, subsiding within a

few days or a fortught In some cases, however, these changes persist

mdefinttely Since a Q wave 1s also present and the T wave may show late

mversion (Fig 159), the appearance may be 1dentical with that seen with

fresh mfarction Electrocardiograms taken on such mdwviduals seen bya

physician for some unrelated or related condition, especally 1f the latter
]
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Fig 160 Exercs ¢ test for coronary msufficiency  The patient was & young
man 35 years of age who complaned of pam m both 2rms only on effort The
physical revealed no ab ity The first set of rracings was some

what abnosmal but not conclusive The second set taken fiv e mmutes after briskly
walking up four flights of staes shows d of R§ T

1 Lead T and 1V and elevaton of RS T3 This idenufied the symptoms as
ooronary in origint

resembles clinical acute myocardial mfarction, can therefore nuslead the
physician into making the diagnoss of acute infarct However, under such
circumstances, senal tracings wall show an appearance which 1s quite fixed,
whereas with acute damage one should find an unstable electrocardrogram

Hence, although the combmation of QRS, RS-T and ‘T wave changes 1n
a smgle tracing generally signifies acute infarct, strctly speaking, that
dragnosis should be made only 1f sequentral electrocardrographic changes
are subsequently demonstrated. It has been shown empncally that this
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finding of fixed QRS, RS-T and T wave changes 15 frequently associated
wath 2neurysm formation tn the myocardsal scar as demonstrated by fluoro-
scopic, el ) hic or pathol jon and therefore may
constitute a clue to the ewstence of that condition Why aneurysms should
produce these changes 1s not clear It has been suggested that 1t may be
due to the transmussion to the electrode of the endocardial potentials pro-
duced 1 the hypertrophied ventricular wall opposite the aneurysm, to
chromic coronary msuffictency or myocardial sschema, or to a traumatic
pericardiis The contribution of the muscle fibers remaining i the 2neu-
rysmal wall or of changes m the rim of mtact muscle at the base of the
aneurysmal sac 1s not known

“Stress Tests for Coronary Insufficiency

There are numerous instances 1n which the physictan will be left m
doubt as to whether a panent has angna pectorss or not In fact the
differentral diagnosis not infrequently may be serious coronary artery dis
ease or no orgamc disease of the heart When the electrocardiogram 1s
normal or equivocal under these circumstances, one 1s temptedto per-
form stress’ tests to brmg out sigmficant alterattons in the tracings
For this purpose two methods are commonly used The first and simpler
one 1s to take a senes of electrocardiograms immediately after a brief
effort or ‘ two-step test and to compare them with the control graphs
(Fig 160) The second method s to take a senes of tracings before and
for five to fifteen munutes after allowing the patient to inhale 10 per cent
oxygen In both instances charactenstic angnal pamn may be produced by
these procedures From an electrocardiographic pomt of view the tests
are regarded as posttive evid, of coronary fiil y if well marked
deviauon (usually depresston) of the S-T segment results There are
decided limutauions to these tests as some cases of significant coronary
artery disease will show 2 negauve reaction and others with no coronary
disease, especially patients who have been taking digrtalis, may show sug
gestive changes Furthermore these procedures, Iike all others m which
one tries deliberately to reproduce angimal pain or coronary nsufficency
carry some risk Rare fatahities or of coronary thromt with
myocardial mfarction have occurred Despite these possibilittes such tests
may be 1ndicated on rare occasions

VENTRICULAR COMPLEXES IN ACUTE COR PULMONALE

Acute overloading of the night ventricle resulting from pulmonary em-
boltsm or other causes (e g massive collapse of several lobes of the lung)
may produce electrocardiographuc as well as clinical changes resembling
those of acute myocardial infarction Myocardial infarction moreover,
may be complicated by acute cor pulmonale and acute cor pulmonale
may be pl d by coronary £ In this difficult differential
diagnosts the roentgen ray offers some help, particularly if oblique films
are made of the regron back of the heart However, 1t must be remembered
that the roentgen ray diagnosis depends upon the demonstration of actual
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mfarction of pulmonary tissue, whereas the electrocardiographic changes
probably depend rather upon the sudden increase m pressure which the
nght ventnicle must support 1n some of these cases This may develop as
the result of widespread spasm 1n collateral pulmonary artery branches
even 1if only a small pulmonary artery branch 1s occluded and only an
mconspicuous cone of pulmonary tissue 1s actually infarcted Thus the
electrocardiogram and roentgen ray may supplement one another as drag
nostic procedures However, pulmonary nfarction or acute cor pulmonale
may be present with a normal electrocardiogram or with normal roentgen
ray findings
The changes which may be recorded are (1) The development of a prom

nent S1 and Q3 (Tigs 161 to 163), which 1s probably related to_rotation

Fig 161 Acute cor pulmonale (pulmonaty embolism) The patient was a man
42 years old who was well except for an mgwinal herma His heart was normal
Operation was performed on July 1, 1943 under spinal anesthes:a He was doing
well when on July 13 1943 while on a bed pan he had sudden pain 1n the left
antertor chest dyspnea tachycardia and apprehension The pulse rate was 140
respiration 28, blood pressure 130 systolic and 80 diastolic His legs showed
nothing abnormal X ray showed shightly cloudy left base and elevated left dia
phragm On July 14 1933 bilateral Ligation of the femoral vemns was performed
The patient ran 2 temperature of 101 to 102 F for five days and recovered
The first tracings show changes indicative of acute cor pulmonale 1e an §j,
2 Q; a depressed S Ty, an clevated S-T; and an wverted T; Note the disap
pearance of these changes in the second tracing

of the heart on its own longitudinal axis m a clockwise direcuion so that
ght imstead of left ventncular potenuals are transmtted to the left
shoulder The small R and deep S at Lead aVL are recorded unchanged
1 Lead I, thus deeperung S; The small R and deep S at Lead Vi are
recorded at Lead III as 2 small Q and tall R, thus tending to produce a
Q3 At the same ume Ieft ventricular potentials (qR) are transmtted to
the left leg (aVE) and are therefore recorded unchanged m Lead ur

‘Ths, therefore, contributes further to the development of 2 Qs (2) Shift
of the transitional zone to the left may result from the chance varruons
1 the heart s positon resulting from 1ts normal mobihty However, con~
spicuous leftward megration of this zone toward the axdla (Figs 163, 164),
especially 1f not otherwise explicable, 15 very suggestive of acute cor pul
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Fig 162 Acute cor pulmonale (pulmonary embolism) The patient was a
woman 19 years old who had repeated pulmonary emboli post partum several
days before the first tracing was made Note S; Qs depressed and 1mverted
S T, and shghtly elevated S T3 These changes are not present 1n tracings made
March 3 1943 (Courtesy of Dr Paul D White )
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Fig 163 Acute cor pulmonale with lefrward shift of transiuonal zone The
pauent was a §7 year old woman with carcinoma of the breast The imtial pre
operative electrocardiogram shows promunent QS; and QS vg SIONg presump
tive evidence of old posterior myocardial mfarcuon The lower tracing taken
two weeks postoperatively a few hours after the onset of shock and tachypnea
shows the development of S; depression of RS T, and RS T,y and a persistent
QS mn Leads IIT and aVp The transiional zone which ongmally lay berween
V2 and V3 now was located to the left of V; The pauent died eight hours later

Postmortem examinauon showed embolt 1n both pulmonary artenies and an old
postenior myocardial mfarct.
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monale This change 15 probably related to clockwise rotatton of the
heart on 1ts Jonguudinal axss and posteror displacement of the apex of
the heart, both probably brought about by ballooning out of the over-
burdened night ventucle, thereby displacmg the septum to the left In

I

, 1949
< L

FEBRUARY 1],

1943

JUNE 23

Fig 164 Displacement of wanswonal zone o eft as clue to acmte cor pul
monale The minal set of tracings (2/11/49) serve as conwrol Leads V; and Vs
show tall R waves and inverted T waves sndicative of nght entricular hyper
trophy The S waves are larger than the R waves i Leads Vs and ¥ 4 Lead Vs
2gain shows larger R than § waves and an owerted T wave mdicatng that ft
ventricular poteatls ase tiow recorded The transsnonal zone then hes to the
night of Lead V5 The second set of tracings recorded when the patient was 1
acute falure with severe dyspnea and tachypnea ugam show deep S; and $; and
mrerted T waves over the precordium However siwe these changes were already
present when the patient was compensased they cannot be adduced as evidence
of acute cor pulmonale However at thus tme the transtaonal zone lay to the
feft of Y for left ventricular potentials are not recorded in the usual six precordial
leads This was the only electrocardiographic clue to acute cor pulmenale The
Pauent was a 26 year old mon with rheummauc heart disease 1n congestive heart
falure Postrmortem examuation showed that the heart weighed 780 gin Mutral
stenosis and wmsufficiency aoruc stenosis sight and to a lesser extent left ven
tricular hypertrophy and multiple pulmonary embol: of varywg age were detected

Tigure 163 the preop 1 d shoved the transitronal
zone between Leads V2 and Va, the second tracing taken shortly after the
onset of symptoms shawed the transitonal zone to the Jeft of Vs (3) Jn
cernion of the T wates over the right ventricle (Fig 165) 15 probably related
to a change mn the repolanzanon process in the nght ventncle (so~alied
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nght ventricular stram ), and may occur as an 1solated finding without
changes 1n the convenuional or umpolar fimb leads Thus change may help
1n the differential diagnosts from acute posterior myocardial infarction m
which the T waves over the precordium are apt rather to be tall and
upnight (4) Depression of the RS-T segments m certain limb or chest leads
(Figs 161 to 163) 15 probably related to subendocardial 1sch Since
RS-T segments m Leads I and II may be depressed and in Lead 111
may be elevated, and Q3 may become prominent, the reason for con-
fusion with acute posterior myocardsal nfarction becomes apparent It
has been claimed that 1n acute cor pulmonale a promment Q3 15 not asso-
cated with a sigmificant Qavy, while thus 15 theoretically sound, 1 actual

experience 1t 15 not a thoroughly relable diffe ng pomnt (5) The
10 - T H aVR™ “aVL I | o@VF
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Fig 165 Inverted T waves over night ventricle 1n acute cor pulmonale The
patient was a 74 year old man with increasing dyspnea for two months and an
episode of substernal ughtness lasung two howrs one week previously admutted
because of cyanosis dyspnea tachycardia (P 100-120) and tachypnea (R 30)
Examination showed distant heart sounds pulsus paradoxus hepatomegaly very
Little orthopnea and clear lungs varicosities but no calf tenderness X ray showed
an enlarged heart and several areas of fuzzy density 1n the night lung fields The
electrocardiograms reproduced above show smartly mverted T waves mn Leads
Vyto V4 The S wave 1s promment 1 Lead I There ts a late intninstcord deflec
tion 1n Lead V; Shortly after admussion he suddenly went into shock with cyanosis
blood pressure fell to 70 to 80 systohc he became much more cyanotic the nech
veins became markedly distended and cardiac action ceased Postmortem examuna
tion showed massive pulmonary embolism obstructing both main stem artertes
and bilateral popliteal and ubial vein thrombosis The heart weighed 580 gm
and showed scattered myocardial fibrosts and coronary artery narrowing without
occlusion In this case the inverted T wasves and the tachycardia were the chief
electrocardiographic clues to acute cor pulmonale

development of transient ncomplete right bundle branch block (Fig 166) can
also occur s a transtent phenomenon 1n a2cute myocardial mfarction In
acute cor pulmonale 1t may be related to the increase i night ventriculac
pressure delaying the passage of the impulse along the mght bundle
branch
The changes that occur 1n acute cor pulmonale disappear when

takes place They may persist for days or weeks bﬁf often arer;Croe‘s:;{
over only a very few hours, hence the need for frequent electrocardio-
grams dunng the few days followmng an acute episode suspected of being
acute cor pulmonale In some cases several of the changes described
may be recorded 1n combination, m a few cases a decision may have to
be made upon the basis of a single change It should be emphasized that
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any of the changes described as occurnng mn acute cor pulmonale may
develop or be present 1 other conditions The T waves may be mverted
over the night venincle as 3 normal finding mn hypokehemia, m pen-
cardius, 1 myocardhal 1sck and other cond I plete right
bundle branch block may be a normal varation which may occur wath
certamn forms of congemal heart disease or dunag acute myocardial
mfatction The heart may rotate m a clockwise direction and pomt its
apex postersorly for ather reasons than acuie distention of the right ven-
wmcle In Figure 167, for example, are shown the tracings obtaned from
a woman of 82 v hose heart occupied 2 most unusual electrical posiion 1
the chest She had at of 1 abd 1 hernta with 2 hugh
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Fig 166 Incomplete rnight bundle branch block 1n acute cor pulmonale The
patient was a 58 year old man in congestve heart falure with rheumanc heart
discase miolving the mutral and goruc valves The upper tracng shows nght
aws deviahon and 2 late tntrn 1coid deflecuion 1n Lead V; The second tracng
taken during a spell of acute dyspnea, shows mcomplete right bundle branch

block Nete RR « ! with late m Leads V;_y The
QRS complex measures 0 10 second m duration The lower tracing recorded $1x
days later shows return toward the arginal form. Autopsy showed multple recent
and old pulmonary intarcts

lefe drapheagm drsplacing her heart upward It may be sard, however, that
the findings are of particular value if they have been observed to develop
dunng the chnical episode under suspicion, and espectally after abdom-
wal operations or after traumatic myures to the legs
Vi tar Compl Resulting from Mg
In any of the fi of an abnormal venmcular
complex due regard must be pad to the possible mfluence of digstalis
Thus drug produces two mam effects It lengthens the P-R interval and
depresses the R-T segment Tigure 168 shows the gradual changes 1 the
T wave resulting from 2 full dose of digitalis It will be noted that the T
wave, parucularly 1n Lead TT gradually becomes depressed and finally

1
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mverted The R-T segment attains a U shaped mversion with an upward
concavity rather than with an upward convexity which characterizes the
coronary form of the T wave Digualis effects on the T wave are not
always seen and do not appear with small doses They do not represent 2
toxc action of the drug as they appear when full therapeutic doses are
gven It requires two to three weeks for these effects to disappear after
the drug 1s onmtted

The changes described above sndicate digitalis absorption and not digi-
talis posomng The full fledged changes generally occur when the patent
has been adequately digitalized, but 1t 1s wiser to depend upon clinical
evidence to make the decision regarding adequate digitalization In gen
eral, the tracings are more helpful in telling whether the patient has re-
cewved any digitals at all Simular changes may be produced by other con
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Fig 167 Normal heart 11 unusual clectrical position The resemblance between
Lead aVy, and Lead Vg on the one hand and between Lead aVp and Lead V,
on the other mndicates that the heart 1s in 8 horizontal electrical positon The
presence of §; and Qj indicate clockwise rotation (as viewed from the apex)
of the heart on its longitudinal axis And the presence of deep S waves across the
precordium and of a promient R v $how that the apex pounts postertorly The
displacement of the transitional zone to the left of Lead Vy probably results from
the last two factors Inverted T waves may be present over the right ventricle in
women without heart disease Al of the changes present may therefore be attrib
uted to an unusual posion of the heart The patient was an 82 year old woman
with mnoperable carcinoma of the pancreas who had a large 1ncisional hernia of
the left upper abdomen with marked abdomnal distension Roentgen ray exam
mation showed that the left leaf of the diaphragm was at the same Jevel as the

right Note that left ventnicular potentials are not recorded until Lead Vg is
reached

ditions but 1n our expentence, when this finding of digutalis T waves 18
at vanance with the statement of the paucnt or hus fanmly, lus physician
much more often than not confirms the fact of recent digitalis medication

On the other hand, certam arrhythmias and conduction disturbances
may mdicate or suggest that the patent has recewved too much digitabs
It 15 to be remembered at the outset that there 1s & drug factor and a
myocardial factor 1n digitalis possoning  Certan damaged hearts seem to
be particularly prone to develop cvidence of overdosage with the drug,
showing abnormalinies on a dose which has no toxic effects 1n other
hearts The characteristic change noted 14 some evidence of inereased
wntability of the ventricles These include ventricular premature beats,
dioventricular rhythm (nodal tachycardia) or ventricular tachycardia
Coupled lar beats (big i thythm), d or penodic, is
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rhythm to a rerurn to normal suus shythm unnl thus has been proved
electrocardiographically

A nising veatricular rate may thus idicate the development of digitalis
mtoxication It may also signal a worsenung of the underlymg dusease
process It 13 sometmes exweedingly difficult to tell which In such cases
1t 1s necessary to marshall all asaidable chimcal and laboratory evidence
and make & decston, or, even at tumes, a gamble, one way or the other

The ventricular tachycardia wluch develops as an evidence of digitakis
overdosage differs 10 no stkeng regard from thar due to other causes
One exception to this 15 the inception of a pecubizr and rare type of ven-
tricular tachycardia with alternaung ventncular compleves, the so-called

s

I 1

Fig 170 Bid 1 paroxysmal
shows auricular with ventricular beats m
The ventricular zate was 110 The lower tracng taken lacer the same day shows par
ovysmal ventnicular tachyeasdia wath P The rate
was 160 Note that the econd and sixth (premature) complexes n the upper
strip resemble the secand fourth sixth and eighth complexes in the lowner smp
while the fourth complex 1n the upper stnp resembles the first thurd, fifth and
seventh compleves of the lower stip In short the two ectopic ventriondar toc
of the upper strip have usurped and shore the vestnicular shythm e the lower
teacing  This rhythm s pathognomons. of diguals averdosage The paticat %as
2 56 year old man winh rheumatc heart disease on digitoun therapy for con
gesuve heart faduse On disconunutng digrtoxan for five days these toxt thythms
disappeared

bidirectional ventricular tachyveardia (Fig 170) Thus rhythm ss pathog
nomonsc of digitahs intoxication

PERICARDITIS

Dunng acute pericardttis the electrocardiogram shows shight elevation
of the RS-T segment The Jezds s which this change 15 recorded vary
with the area of dissenunanon of the pencarditis In some cases thece
changes may be localized to one or two leads, e g, Leads aVy and I,
others they may be present mn two or xore hmb leads and ali or some
of the precorchal Jeads Not uncommonly all three comentional Jeads
show RS T segment elesatson (Fig 1714) If Lead aVR faces the endo~
cardual aspect of an area whose epicardm shows RS-T segment cleva-
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mverted The R-T segment attans a U shaped inversion with an upward
concavity rather than with an upward comvexity which characterizes the
coronary form of the T wave Digutalis effects on the T wave arc not
always seen and do not appear with small doses ‘They do not represent a
touc action of the drug as they appear when full therapeutic doses are
gven It requres two to three weeks for these effects to disappear after
the drug 1s omutted
The changes described above indicate digitalss absorption and not dige

talis porsoming The full fledged changes generally occur when the panent
has been adequately digitalized, but it 15 wiser to depend upon chimcal
evidence to make the deciston regarding adequate digitalization In gen-
eral the tracings are more helpful 1n telling whether the patent has re-
cenved any digitalis at all Simular changes may be produced by other con-
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Fig 167 Normal heart 1n unusual electricat position  The resembhince between
Lead aVy, and Lead Vg on the one hand and between Lead aVy and Tead V,
on the other indicates that the heart is in a horizontal electrical positlon The
presence of Sy and Qy indicate clockwise rotation (a9 viewed from the spex)
of the heart on 1ts longitudinal axss And the presence of deep S waves across the
precordium and of a promnent Ry, show that the apex polnts posterlorly The
displacement of the transitional zone to the teft of Lead Vy probably results from
the last two factors Inverted T waves may be present over the right ventricle in
women without heart discase All of the changes present may therefore be attrib
uted to an unusual position of the heart The patient was an 42 yenr okl woman
with moperable carcinoma of the pancreas who had & large incldonal hernla of
the left upper abdomen with marked shdominal distenston loentgen ThY ¢xom
tnation showed that the left leaf of the duphregm was ot the same Jevel ne*the
nght Note that left ventricular potentizly are not recorded unill Lead Yy I

d

reache

ditons but 1 our experience, when the finding of dgitlis 1 waves js
at vanance with the statement of the patient or hia family, his physician
much more often than siot confirms the fact of recent dlyitalis medication

On the other hand, certam arthythmias and conduction disturbances
may indicate or suggest that the patient Jiu received tan much digitaliy
It 15 10 be remembered at the outset thiet there fs « druy factor and a
myocardial factor nt digitalns poseming Certaln damnaged hearts seem 10
be parucularly prone to drvelop evidetire of guerdosape with the drug,
showmng abnormalitics on & dene whith b 1 todie eflects In other
bearts The charactersstic chanyr futrd | ettne evidotice of Inctented
imtabiliy of the ventricle  § hesw nefude ventry ular prematuce beats
idioventricular thytbm (redal tachijsrding o yentth ylar mhycurdla\’I
Coupled ventricutar beat (Figetmtual thything, st ~ fodic, Iy
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very suggestive of digitalis overdosage but may develop m patients nor
recerving digitalis Mulufocal ventricular premature beats generally indi-
cates a marked degree of mcreased ventricular exatabtity This abnormal
rhythm may be seen 1n grave myocardial diseace, but much more often
than not denotes digitalis potsomng

If the auricles are beating normally digitahis mtoxication may be mani-
fested by the varous grades of aunculoventricular block With complete
heart block the ventricular rate, though more rapid than the rate i com
plete heart block due to most other causes, 1s slower than the auricular
rate The ventricles and auricles may beat independently of one another,
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Fig 168 Digitalis effect One and one half gram of digtalis leaf was given
berween the first and thurd tracings Note the gradual mversion of the T wases
1n all leads and the return to normal m three weeks The RS T interval becomes
convex downward (cupped depressed) unhke the upward convewty m corapary
thrombosis (Author s artecle i Oxford Loose Leaf Medicine vol 1I)

not because of block between the auricles and ventricles, but for another
reason, namely enhanced irritability of the ventricles In this case the
ventricular pacemaker, be 1t m the aunculoventricular node or located
lower 1n the specralized tissues of the ventricles or m ventricular muscle
proper, takes on control of the ventricular rhythm because, although con-
duction between auricles and ventricles may stil be mtact, the auriculo-
ventricular node or other ventricular pacemaker develops an enhanced
automaticity and, so to speak, gets its * punches i sooner * than the m-
pulses coming down from the auricles This 1s referred to as aunculo-
ventnicular dissociation It s characteristic of thus condition that the ven-
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tricular rate 1s more rapid than the auncular rate That the junctional
ussues may stll conduct the beat from auricles to ventricles may be
demonstrated 1f there 1s a wawng 1n the automaucity of the auricular
pacemaker Under such curcumstances (Fig 169) a beat may slip through
and be conducted to the sventricles, thus breaking up the ventricular
thythm This 15 referred to as imterference dissocation  Although thus
rhythm may be observed m other conditions 1t 1s an important clue to
digitalis porsonung

When, on the other hand, the aurncles are fibrillating digitahis poisoning
may be fested by the develop of a slow regular rhythm, this
represents complete heart block Ths slow regular rthythm (Fig 82) may

Fig 169 f and 1 beating mn digitoun over
dosage The first four QRS complexes are separated by intervals of 0 84 second
Although preceded by P waves the latter occur at too short an interval to be con
ducted The auncles and ventnicles during that period are beatng independently
of one another the ventricles faster than the auricles Thus 1s auriculoventricular
dassociation With the speeding vp of the auricles the sixth auricular beat 1s con
ducted through to the ventricles causing them to beat a Iittle earher This repeats
atself 1n the next beaz Thus the R R intervals berween the fifth and sixth and
between the sixth and seventh QRS complexes are 0 70 and 0 65 second respec
tively This 1s The of these o 15 1nter
ference dissocration Beginming with the second beat 1n the lower strip the ven
ncular beats are conducted back to the aurncles {retrograde beats note wnverted
P waves followmng QRS complexes) The fifth beat 15 conducted back to the
suricles then some of the ventricular fibers having Jost their refractormness again
back to the ventricles Thus 1s true reciprocal beaung The sixth (re conducted)
QRS complex 15 sightly aberrant The panent was a 58 year old man with hyper
tensive cardiovascular renal disease who had recerved digitoin 1n the dose of
04 mg daly for two or three months On withholding digitoxtn normal sinus
rhythm was restored

be detected on careful or el d h

even 1f ventricular premature beats or coupled rhythm 1s present On the
other hand as when coordinate auncular acuvity persists, the ventricles
may become regular and rapid (xdtoventricular rhythm) The clue to the
mception of either of these changes s the sudden regulanzation of a pre

viously reregular heart It 15 true that normal sinus rhythm may be restored
m patients with auncular fibrillation while recewving digitalis, apparently
as a result of unprovement 1n the c:rcu!anon to the heart, but 1t should
be bered that the fund: logic effect of digrtalis 1s
the perpetuation rather than the abolitton of auricular ﬁbnllanon Hence
one should 1n such cases hesrtate to ascuibe the development «
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thythm to a return to normal sinus thythm unt:l this has been proved
electrocardiographicaily

A nsing ventncular rate may thus indicate the development of digitalis
mtoxication It may also signal a worsemng of the underlymg disease
process It 1s sometimes exceedingly difficult to tell which In such cases
1t 15 necessary to marshall all avatlable clinical and Jaboratory evidence
and make a decision, or, even at times, a gamble, one way or the other

The ventricular tachycardia which develops as an evidence of digitalis
overdosage differs m no striking regard from that due to other causes
One exception to this 1s the mception of a pecuhar and rare type of ven-
tricular tachycardia with alternating ventricular complexes, the so-called
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Fig 170 Bidirectional paroxysmal ventricular tachycardia The upper tracing
shows auricular 11 with v beats mn t rhythm
The ventricular rate was 110 The lower tracing taken later the same day shows par
oxysmal ventricular tachycardsa with t “The v lar rate

was 160 Note that the second and sixth (premature) complexes 1z the upper
strip resemble the second fourth sixth and exghth complexes tn the lower strip
while the fourth complex 1n the upper strip resembles the first third fifth and
seventh complexes of the lower strip In short the two ectopic ventricular foc
of the upper strip have usurped and share the ventricular rhythm 1n the lower
tracing This thythm 1s pathognomonic of digitalis overdosage The patent was
a 56 year old man with rheumatic heart disease on digitoxu therapy for con
gesuve heart failure On discontinung digitoxin for five days these toxt rhythms
disappeared

bidirectional ventricular tachycardia (Fig 170) This rhythm 1s pathog~
nomontc of digitalis intocation
PERICARDITIS

During acute pericarditis the electrocardiogram shows slight elevation
of the RS-T segment The leads 1o which this change 1s recorded vary
with the area of dissemmation of the pericarditis In some cases these
changes may be localized to one or two leads, e g, Leads aVp and I, m
others they may be present n two or more hmb leads and all or some
of the precordial leads Not uncommonly all three conventional leads
show RS-T segment elevaon (Fig 1714) If Lead aVR faces the endo~
cardsal aspect of an area whose epicardium shows RS-T segment eleva~
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tion, then RS T segment depression will be recorded there (Fig 1718)
Although RS-T segment depression elsesshere 15 unusual and 1 fact may
Jead one to favor the diag of myocardial 1nfz over that of pen-
carditss, any lead which happens to he 1n relation 10 the endocardial

Fig 1714 Acute rheumatic pericarditis Note the upward displacement of the
RS T segments 1n all three conventional leads of the upper curves taken May 16
1935 These changes had disappeared on June 20 1935 when the second set was
taken The patient had acute rheumatic pericardiuis with effusion

aspect of a portion of the ventricular wall nvolved 1n the pericardiuie
reaction may show RS-T segment depression

Comcident with the RS-T segment elevanion or dunng its subsidence
a sharp, late mnversion of the T wave develops The RS-T and T wave
changes then have a contour identical w.1th or closely resembling that fre~
quently seen during acute myocardial mnfarction and not uncommonly
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confused with 1t Attention to three pomts may help in the differenuation
of these two conditions (1) In acute pericardins a broad promument Q
wave does not develop since pericardins does not lead to transmural
myocardial damage and cavity potennal 1s not transmutted to the epi-
cardium A ‘septal” Q wave may be present but this 1s due merely to
the fact that the electrode faces the left side of a normally acuvated sep-
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Fig 171B Acute bemgn perrcardiss The smual see of tracngs (10/2/49)
shows elevauon of the RS T segments in all convenuonal mb leads and m Leads
V, 10 V In the second set (10/6/49) the RS T segments have parually returned
to the ssoelectric hine and the T waves are notched In the thurd set (10/13/49)
the RS T are and the T waves upwardly bowed
and wnserted resembling coronary ‘T waves In the followng set (10/20/49) the
combination of mumal RS T and T wave changes 15 quite charactenistic Chinical
mmprovement comneided (10/28/49) with partial regression of these changes
Follow up tracings three months later (2/2/50) show a normal electrocardiogram
Note the falure of broad prommnent Q wases to deselop the shght degree of
RS T segment elevation and the lack of recprocal RS T segment changes 1o
develop except in leads oriented toward the endocardium (Leads aVg and v
The patient was a 25 year old man with sweats nausea mnl:use and pain }hf
back of the nech first of having lyuc poliomyelius A
fricuon rub Ewarts sign pulsus paradovus and reflux dxstenuon of the cervical
veins on hepatic compression were present He improved on pemcillin and aureo-
myein therapy and was discharged well
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tum The 1ssue may theoretically be confused by the presence of a broad
QS or QR wave restdual from a previous infarct, but this situauon 15
more a hypothetical than a real one The electrocardiographic diagnosis
of acute penicardins comphicating acute myocardial infarction 15 little more
than a guess, 1t may be suspected, however, from 3 temporary rev ersal or
terruption n the ct 1stic sequence of el hic changes
usually seen 10 myocardral infarction or from the presence of RS-T seg-
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ment elevations at locations not showing QRS changes (2) The changes
evolve somewhat more rapidly m pericardinis than m acute myocardial
infarction, retum of the RS-T segment to the 1soelectric hine generally
occurrmg 1n the first two or three days (3) The RS-T segment displace
ments and T wave mversions are usually mmnor 1 degree  Monophasic
ventricular complexes or very tall or deeply mverted T waves have not
been described 1 pericarditis

Fig 172 Constnicuve pencardiis The patient was 2 woman 33 years of age
who complamned of faugue dyspnea and swelling of the face Exarunation showed
2 quiet heart d of hitude of of
the pencardium edema of the face and increased venous pressure Resection of
the pericardm was performed by Dr E C Cutler 1n February 1942 Recovery
was sausfactory and several months later she was workung full hme The first
set of tracings taken February 3 1942 show rather low QRS and inverted T waves
1n all leads The second set taken October 9 1942 show shight restoration of the
T waves to a more normal form

A posiuve differentration 15 not always possible Some cases of myo-
cardial mnfarcuion, especially those rare cases 1n which the mfarct 15 local-
1zed to a segment of the subepicardial layers, show only RS-T and T
wave changes If the patent 15 first seen after the subsidence of the RS-T
segment displacements 1t may be impossible to make a defimte electro-
cardiographic diagnosss The changes must then be regarded as non-
specific, they mught be copsistent with myocardial changes due to many
causes

T wave inversion may persist for weeks or, mn rare cases as lo~ -~
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or three months, but ey lly the electrocardiog) a normal
appearance If the pericarditis 1s complicated by pericardial effusion the
voltage of the QRS complexes may decrease, apparently, as 1n pleural
effusions or ascites, because of local short circunng

Ordinanly this sequence of events will not be observed mn patents who
show evidence of chromic adhesive or constrictive pencarditis The latter
often show low voltage QRS complexes with or without T wave wmver
stons (Fig 172)

It 15 generally considered that the electrocardiographic changes of pen-
carditis are due to acute subepicardial myocarditis Certamnly the electrical
changes recorded at the epicardium must have their omgin m changes
produced 1n or on the surface of heart muscle cells, and 1t must be very
dafficuit if not ble, either cl 1ly or exper 1ly, to demon-
strate restriction of injury to the pericardium and not mnvclving the under-
lying myocardium  Since the lesion may have progressed to a biochemical
and not an anatomuc stage, fallure to demonstrate changes under the
mucroscope would not exclude mjury On the other hand, the fact that
1solated 1njury of the epicardium 1s unlikely and that the ulumate onigin
of these electrical properties 1s 1 the myocardial cell does not disprove the
theoretical possibility that ‘pure pericardial imjury mght be associated
with simlar electrical changes

ELECTROLYTE IMBALANCE AND THE ELECTROCARDIOGRAM

Changes 1n the chemucal environment of the heart muscle cell may also
produce changes in the electrocardiogram Indeed, differences m elec-
trolyte concentration between that on the inner and on the outer aspects
of the semipermeable membrane constituung the surface of the cell ac-
count largely for the normal difference m potential across the normal
resting cell We know Iirtle, except by inference, about the effect of vara-

uons 1n 11 electrolyte compositton, but we know a good deal
more about the effect of changes m extracellular electrolytes upon the
electrocardiogram

Hypocalcerma characteristically produces a prolongauon of electrical
systole manufested by a prolonged Q-T mterval Mechanical systole may
or may not show a concomutant lengthemng This emphasizes the dis-
parity between electrical and mechanical events and the danger of draw
ing mechanscal mmplications from the electr L of
the Q-T 1nterval 1s often observed m advanced renal disease with phos-
phate retention and recprocal depression of the serum calcium level and
n sp or postoperative hypoparat dism (Fig 173) Prolonga-
tion of the Q T 1nterval mav also occur i alkalosis This change 1s prob-
ably referable to changes 1n extracellular 10mzed calcium, but
1ts develop i the hypochl of vomuting suggests a possible
rel hip to changes in Itular p

The electracardiogram may thus offer the first indicanon of Jowenng
of the serum calcium level Although 1t has been claimed that the opposite
chemcal finding namely hypercalcemia, 1s manifested by a shortenung of
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the Q-T interval, recent experience suggests rather that prolongation of
the Q-T interval, and of the QRS interval and depression of the RS-T
segment may be associated with the lugh serum calcium levels 10 multple
myeloma

The average normal Q T mrerval can be determuned from the fol-

lowing formula Kk = \/&RL—R The normal figures for K are 0 39 for men

and 044 for women It 15 generally unwise to report this as mcreased
unless I exceeds 045 This figure 15 maccurate at very slow and very
rapid rates, 1n these nstances the standards of Ashman should be con-
sulted

The kidneys retan their ability to excrete potasstum until relatively
fate, but n anuria from w} cause, toxIC 1 of p
may occur 1n the blood serum By virtue of the capacity of elevated serum
potassium level to paralyze the heart this change may be a fatal complt
cation of renal disease This development may be foreshadowed by taking

2 7

Fig 173 Prolonged Q T nterval in hypoparathyrordism The patient was a
man 68 years old with hypoparathyroidism Blood calcrum on June 11 1937 was
47 mg per 100 cc and on July 20 1937 1t was 93 mg per 100 c¢ The Q T nter
val despite very sight slowing of the heart decreased from 0 48 to 040 second
‘The improvement occurred as a result of dihydrotachysterol

frequent electrocardiograms 1n anuric patients, thus providing the signal
for umely and appropriate therapy The earliest change 1s the development
of tall, ponted and narrow T waves (Fig 174) Later the Q-T mnterval,
the QRS mterval (Fig 39) and the P-R mnterval become prolonged At the
same time the P waves become smaller, the R waves decrease the S
wates mcrease in de and the RS T become dep d

Eventually the RS T segment forms an almost continuous line from the
nadir of the § wave to the apex of the T wave and the P waves become
unrecognizable (Fig 39) With further accumulations of potassmum the
rhythm may become grossly irregular and, on further disintegration of the
ventricular complex the electrocardiogram may show the baseline to form
a contimuous sine wave Ectopic rhythms such as venmicular premarure
or escape beats and ventricular tachycardia may develop at this time The
termunal mechamsm in these cases may be ventnicular standstll or ven

tncular fibrillanon  Although the ntraventricular block des eloping m
these cases 1s generally a diffuse affar affectng the ventricular myo~
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cardium and spectalized tissues alihe, 1n a few cases bundle branch block
has been recorded Some degree of elevaton of the serum potassium level
above the normal value of 4 to 5 muliequivalents per liter 1s generally
necessary before any of these changes develop, but the parallehsm between
electrocardiographic appearance and the serum potassium level 1s only
approxumate Among other possible factors affecting this relatonship 15
the serum sodmm level An elevated serum sodium level antagomzes,
while a depressed serum sodium level enhances these charactenistic effects

i - e

Vil """J - u A
TSy 4'1‘1 \_ \ET
PN Uty N
EEeeE o 4 . ava ‘vs vc:

Fig 174 Potassium intoxication The panent was a 35 year old woman with
anuna following premature separation of the placenta The first set of tracings
showed first degree heart block and tall narrow ponted T waves the first clue
to the exastence of a hugh blood potassium level The second set of curves r:cord:d
five hours later shows much more changes d
height of the R waves increased depth of the S waves first degree heart block
mtraventrcular block smooth slantng RS T segments and tall poinced T waves,
most mn the 1 leads Sinus arrhythmia and cardisc
slowang are apparent in L:ad 1 The serum potassium level at the tune this second
set of tracings was taken was 95 mllequivalents per liter Patent recosvered
following treatment by the aruficual kidney and showed normal electrocardiograms
at ume of discharge

of potassum The effect upon potassum mtoxtcatien of vanations in other
10ns such as calcrum has not as yet teen clearly demonstrated

Lowenng of the serum potassium Jevel, such as occurs 1 pertodic
paralysis, n certamn cases of treated diabenc acidosis and treated
Addison s disease, 1s mamfested by prolongation of the Q-T mtenval, by
lowenng, flatteming or mversion of the T waves, by ncrease m the PR
interval and by the development of U waves (Fig 175) The latter change
may be a function of a falling serum potassium lev el for they have been
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with an elevated or depressed serum calcrum Jevel or with an elevated or

depressed serum potassium level

be emphasized that prolongaton of the Q-T ioterval may be recorded

observed when the serum potasstum was still elevated but falling It 1s to
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WOLIT-PARKINSON-WHITE SYNDROME
{ANOMALOUS ATRIQVENTRICULAR EACITATION)

There 1s one peculiar type of electrocardiogram that occurs 1 2 small
group of indr:duals who, 1 about 50 per cent of the cases, are prone to
have attacks of rapid heart acton of one type or another (Figs 176 to
178) Although a few authorities have been willing to broaden the critena
upon which the diagnosss may be made, these patsents generally have 2
shortened P-R terval measuring 0 10 second or less and a QRS complex
broadened to 0 11 second ot longer The mechantsm of this disturbance s

ER AR
R (e oL I
Fig 176 Wolff Patkunson Whte syndrome Note that :hc P R interval 1s very
short (0 08 second) and the QRS complex 15 slurred and broadened (0 11 second)
The broademing of the QRS compiex 15 apparent only at the base producing a2
characteristic  Euffel Tower effect The wuual or slow component of the QRS
complex corresponds to actination of the ventricles over the hypothetcat aberrant
bundle Because the upper part of the QRS complex possesses a normal thinness
the charactenstc appearance may be missed 1n a cursory examinaton Pcculur
curves of tus type are seen n some widividuals wha have p of
but who are otherwise well

still debated but, followwng the lead of Scherf and Wolferth, 1t 1s
suspected that 1t 1s due to conduction over an aberrant bundle of heart
muscle such as the bundle of Kent, connectng auricles and ventncles and
by-passing the normal aunculoyentncular bundle Since thus tract has ne
juncuonal tissue the ympulse 1s not defayed In anomalous impulses acts
vation of the ventricles 1s wunated over the abermm route, probably 10 3
durection from the epicardium toward the but cond
down the normal pathway conbnues somewhat later Acuvation of the
ventncles generally 15 completed over the normal route Thus the interval
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from the begmmng of the P wave to the end of the QRS complt:VE 1s gen-
erally unct d An adeq series of hstologic studies 1n

with and without this mechamism 15 not as yet available to establish this
anatormc mechansm It has been suggested that actual protoplasmic con-
tinmty of auricular and ventricular muscle need not be necessary, mete
contiguity of auricular and venurrcular mmuscle may be adequate to estab-
lish the mechamsm A few cases have been reported m which patients

e sotrgae.

Fig 177 Wolff Parkinson White with l dunng
paroxysmal rapid heart acuon The Jower two sets of curves show typical short
P R nterval (0 10 second) and long QRS 1nterval (0 12 second) The upper two
sets of curves show a paroxysm of rap:d heart actron mn which the mndividual ven
tncular compleves are sumilar to those recorded out of an attack "The srregulanity
of the ventricles 15 probably due to aunicular fibrllanon Durmg auricular fibnilla
tion the impulses apparently invade the ventricles over the aberrant pathway
These tracings simulate and were Lty as p v
tachycardia ‘The heart rate at first was 292 after 02 gm of qumidine 1t slowed to
231 and 1 less than one hour the rhythm was normal

without organic heart disease have died as a result of the tachycardia
which may comphcate this syndrome However, by and large these inds
viduals carry on normally and have no organic heart disease Although
most cases of this type have paroxysms of auricular tachycardia I have
seen mstances i which the attacks of rapid heart action were auricular
flutter (F1g 178) or fibrillation (Fig 177) The type of ventricular com-
plex seen 1 the paroxysm may be normal, m which case one mught
postulate conduction down the normal aurculoventricular node and
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Fig 178 Wolff Parkinson White syndrome Anomalous atrioventricular exaita
tion alternating with normal atroventricular conduction Note that (with the
exception of Lead aVp) the first thurd and fifth compleves show normal P R
nterv Is and normal QRS and are of left v 1l
hypertrophy The second fourth and sixth complexes n these leads show a short
P R mtersal and a lengthened QRS duration The slow mial portion of the
QRS complex contributes to the characterisuc  Effel Tower effect If the an
atomic explananon for this condition 15 accepted 1t would seem that for the most
part every other beat 1s conducted earlier down the aberrant pathway than down
the normal pathway whereas alternate beats start down the normal pathway
earher Note that the normal complexes 1 Lead aV do not show a broad or
promunent Q wave This 1s evidence agamst the suggestion of old posterior myo-
cardsal infarction rased by the promunent Q and QS waves i the normal and
abnormal complexes respecuvely in Lead 11T and by the broad QS waves of the
abnormal complexes i Lead aVy The direction of the QRS complexes 15 down
ward in Leads III aVg aVp V, and V_ upward i Leads I aVy and Leads V3
to Vg and equiphasic i Lead IT This suggests that the general direction of
abnormal excitation 15 from the night p 1 to the left 1 aspect
of the heart and toward the left shoulder at mght angles to the Lead II line
During the simultaneous recording of Leads I and II on a later occasion (lower
sets) a short paroxysm of aurscular flutter 15 recorded at a rate of 215 with 1 1
aunculoventricular response There 1s no important dewvianion of the spatial ven
tricular gradient between normal and anomalous compleses This accords with
the hypothests that the change from normal to anomalous complexes 13 merely
one 1n the direction of 1nvasion of the ventricles with no local changes i the
responsiveness of the ventricles
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bundle, or 1t may be anomalous, 1n which case the mdividual ventricular
pl ble the aberrant pl observed without tachycardia
1f one accepts the anatomic hypothests, the latter type of paroxysm mght
indicate that the impulse enters the ventricle over the aberrant pathway
It has been suggested that 1t 15 those patients who show both normal
and anomalous complexes who are prone to have attacks of rapid heart
action Quunidine, probably by virtue of 1ts predomnant effect 1 delay-
1ng conduction over the a2nomalous bundle, tends to favor conduction over
the normal aunculoventncular node and bundle Exercaise by 1its pre-
donunant effect 1 decreasing vagal tone and, frequentdy, atropme by
paralyzing vagal nerve endings, enhance conduction over the auriculo-
ventricular node and bundle Vagal sumulation by 1ts predomnant effect
1n slowng conduction i the aurtculoventricular node favors earher con-
duction down the aberrant bundle There are undoubtedly concealed
of 1 d which may be brought 1o hght by
various physiologic or pharmacologic procedures like those just enumer-
ated There 15 a different group of individuals who show a short P-R
interval (about 0 12 sec ) with normal QRS duration also prone to paroxys-
mal rapid heart action It 15 important not to be musled nto the dizgnoss
of anomalous atrioventnicular exatation when the short P R mterval-
prolonged QRS complex 1s mimiched by a ventricular premature beat
oceurring only very shghtly prematurely
The resemblance between the complexes of Wolff Parkinson-White
ynd and those ch: 1ZINg my dial mfarction 1s only super-
ficial It should be remembered that paroxysmal rapid heart action from
whatever cause may be associated with chest pain It should not be con
cluded because rapid heart action and chest pam occur together that
myocardzal infarction 1s present When myocardial nfarction complicates

the Wolff Park White synd the elect diographic changes of
nfarction may be totally or partly lacking With anomalous conducnon
the impulse p ds from the eprcard to the endocard making

the ventnicular cavity mtially posine thus a Q wave will be lacking at
an electrode overlying 2 transmural infarct The situation 15 analogous to
that 1n left bundle branch block m which the mmpulse travels from the
night to the left side of the septum, symularly makung the left ventmcular
cavity inuttally posttive Since ventricular actvation may be completed m
a normal manner RS T and T wave changes may be detected in the
anomalous complexes Be that as 1t may, exammation of spontaneous or

induced normal compleves may reveal decisive QRS, RS T and T
wave changes of infarction

VENTRICULAR COMPLEXES IN OTHER CONDITIONS

There are numerous other conditrons m which the ventricular complex
alters 1ts form In many the changes are not sufficiently charactensstic or
uniform to be diagnostc Further study will be necessary before such
data can be standardized and before decisive conclusions can be drawn
In the meannme 1t 1s 1mportant to be fanubar with some of the peculiar-
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1ties that may arse Reference has already been made to the fact that
mversion of T waves may be associated, among other causes, with ven
tricular hypertrophy or with electrolyte imbalance Frequently a defimite
cause for the nversion of the T waves cannot be established, yet one may
be sure that they represent a pathologic state of the heart muscle In
such cases 1t seems wise to refer to them as abnormal nonspecific change
Markedly inverted T waves sn all leads 1ndicate a poor prognosis Some
of these markedly abnormal ventricular complexes probably represent
multiple areas of healed myocardzal infarctions, some of which cases have
been described pathologreally as fibrous myocarditis

Flattening of the T wave and decrease 1n the height of the QRS com-
plexes also occur 1n constrictive pericarditis (Fig 172), marked anemua,
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Fig 179 Abnormal form of ventricular complex (low voltage in beribers heart)
The patient was a man 33 years old who had been drinking heawily and eatng
very hittle He d of weakn of breath swelling of the legs
and pamns i the kmbs He showed marked of the heart pul y
congestion and some peripheral edema A control period of digitals caused no
improvement On a course of thuamune therapy the heart returned to normal
size and all congestion disappeared ‘The first set of tracings (before thiamune)
shows very low QRS complexes which even tn twelve days Teturn to normal

beriben: heart (Fig 179), emphysema (1804), myxedema (Figs 131 and
180) and Addisons disease (F1g 180) In pulmonary emphysema low
voltage 1n the imb leads may or may not be associated with low voltage
1n the precordial leads In pulmonary disease i general and emphysema
m particular the T wave may be wmverted 1n Lead I, but generally 1n these
cases the T wave 15 upnight 1n Leads Vs and Ve By contrast, inversion
of T1 resulting from lateral 1sct 15 11 d w1

T wave nversion over the left ventricle Examples of low electromotive
force 1n myxedema and 1n Addison s disease associated with myxedema
are given 1n Figure 180 Although normal electrocardiograms may be
recorded m Addsson s disease, the frequent combination of low voltage,
first degree heart block, mverted T waves and prolonged Q-T intervals
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1 this condinion recalls the resemblance of these curves to those charac-
teustuc of hypokalierma

Changes 1n the electrocardiograms are mot rare during diphthenia
Younger patients are more apt to show prolongation of the P-R interval
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Fig 180 Low voltage el The upper set
of tracings (A4) was obtaned from a 35 year old woman with severe myxedema
Note that low voltage 1s recorded here 1n the chest as well as i the Limb leads
Ty 1s mverted These changes are reversible on thyroid therapy The lower ser
of tracings (B) was obtaned from a 24 year old man with Addison s disease asso
ciated with hypothyroidism Note the low voltage 1n mb and chest leads pro
longed Q T 1nterval and inverted T waves in the precordsal leads These changes
resemble those observed m hypokaliemia These changes may or may not be
reversible on replacement therapy

Fig 1804 Chronic cor pull i il

d with an,
fibrosts The tracings show low voltage in the hmb leads and mummem P wa\ei
n Leads IT TII and aVg ( P pulmonale ) Note that while T, 1s low almost
flat the T waves are upright over the left precordium this 15 evidence aganst
1schemuc  anterolateral myocardial changes and more consonant wath pulmonary
dhcase The patient was a 59 year old man with Jong standing bronchial asthma
and recent night sided heart faiture The

presence of low voltage 1n the lumb leads suggesty among other causes pulmonary
emphysema

and more advanced stages of heart block, while the older more frequently

show alieraons m the RS T nterval such as depression of the RS-T
segment or mversion of the T wave

Inversion of the T wave 1n Lead I or Lead II 15 not normal and yet
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1ts presence must not always be regarded too seriously When the inver-
sion has the pecultar form described under myocardial wnfarction 1t may
have mportant significance It should be remembered, however, that T
waves of this type may be recorded in intracramal disease 1n the absence
of heart disease Inversion of the T waves and prolongation of the Q-T
interval resembling those associated with coronary artery disease may also
be seen in left ventricular hypertrophy In general, as the R wave becomes
taller and greater 1n area the T wave becomes smaller and inverted Itas
hoped that the study of the ventricular gradient 1n cases of this type
mught clanfy the sigmficance of these changes Moreover, the T waves
can be diphaste or shightly inverted 1n neuroarculatory asthenia Cooling
the apex of the heart by drinling cold water can produce inversion of the
T wave Nitroglycenin or amyl mitrite can temporarnly cotrect an merted
T wave 1n disease of the coronary arteres, and attacks of angna pectons
or a simple muscular effort may bring about mnversion of the T waves 1n
certam indvaduals It 1s obvious that abnormaliues of the ventricular
complex are frequent and require cautious nterpretation

ELFCTROCARDIOGRAPHIC INTERPRETATION

Before leaving the subject of electrocardiography, 1t 15 necessary to
express a word of caution against trymg to read too much nto the results
of this exammmation Too often physicians attach sigmificance to munor
abnormalities It must be remembered that varations among normal
hearts are very great Shght hing of QRS n
amplitude of curves, left and nght axis deviation and even flattened di-
phasic or slightly mverted T waves occur without orgamuc heart disease
Furthermore, when certain curves are diagnostic of myocardial disease
they mav serve no further purpose n prognosis In 2 case of typical acute
coronary thrombosis the curves may show very litle abnormality or may
be returning to a normal configuration and yet the panent may be downg
poorly o may suddenly die It 1s generally 1dle to say that ¢ the electro-
cardiograms are getting better * It 15 more umportant to know what the
patient 15 domng climcally than to know what further changes are gomng
on 1n his tracings  Although, 1n general, patients with mverted T waves
mn Lead I have a poor prognosis, there are a great many who Iive for
years, and in fact there are some who have no climical evidence of esther
angina or heart fallure In the extensive use of electrocardiography there
1s 2 danger of prostituung the entire subject Attempts to mnterpret curves
are being made when the leads were applied mcorrectly or when the
tracings were pasted upside down or wrong end 1o Artefacts are being
terpreted as pathologic changes and many sumlar gross errots are being
made Despite all this, with care and intelligence electrocardiography can
be a most valuable aid 1n the care of pauents with heart disease

PULSUS ALTERNANS

There 15 one disturbance 1n the mechanism of the heart beat that 15
truly not within the scope of electrocardiography because 1t 15 not diag-
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nosed by thus means However, 1t needs to be considered for 1t 15 impor-~
tant and can eastly be recogmzed This condition 1s pulsus alternans, by
which 1s meant an alternation 1 the strength of the beat when the rhythm
1s regular (Fig 181) In this condinon the impulses of the heart arse
regularly 1n the normal pacemaker and travel through the normal path-
ways The electrocardiogram 15 therefore normal Every other beat, how-
ever 15 stronger than the previous one It must be clearly differentiated
from a pseudo-alternation due to prematunty of each second beat In
bigemmny due to extrasystoles every second beat 15 also small but this
results because the contractions occur shghtly ahead of tme and the
ventricles contamn less blood In true alternation the mrervals between beats
are equal and the weaker contractions are thought to be due to fangue of
the heart muscle or to impared contractlity It has been hypothesized
that ssolated bits of ventricular fibers here and there do not enter nto
systole because of fatigue so that each alternate systole 1s not so effectne
as the former one

Steyens F2 M 573

Brachiogram

R kg RR
RR

Fig 181 Pulsus alternans Tracing taken from the braclial artery which shows
a regular pulse but waves alternaung tn strength Rg s larger than Ry (Author s
arucle 1 Oxford Loose Leaf Mediane vo! II')

Pulsus alternans can be recogmized if a pulse tracing 15 taken from one
of the peripheral artertes It can be felt at the radal pulse where every
other beat will be weak Unless this sign 1s looked for or unless 1t 1s very
marked 1t 15 generally overlooked Changes mn the volume of the peripheral
pulse produced by different phases of resprration often interfere with and
obscure the regulanity of the alternanon At times the same alternation
can be detected 1n the heart itself by noting an alternation 1n the mtensity
of the first heart sound or of an accompanying systohe murmur, or even
m the force of the apex impulse In other words, the alternation may be
seen heard or felt The simplest and most sensitive way of diagnosing
pulsus alternans 1s with the sphygmomanometer While taking the blood
pressure one should Iisten carefully and try to detect alternation of the
sounds as the pressure falls and 1s just approaching the systohc level
‘When the sounds first appear the pressure should be prevented from falling
for several seconds If alternauon 1s present the sounds will exther alternare
10 ntensity or only the stronger beat will be heard If the latter takes



514 Crinrcar HEART DISEASE

place, then both sounds wall become audible 5 or 10 mm lower but will
stull alternate 1n mtensity This method 1s more sensitive and just as reli-
able as the pulse tracing i the diagnosis of pulsus alternans It should be
sought for as a routine procedure mn all patients with definite or suspected
heart disease

In some patients pulsus alternans only appears for several seconds
after a premature beat and then disappears Following the compensatory
pause the first beat 15 always exaggerated but now the second beat 1s
markedly d hed, the third 1s d and so on for several cycles
The extrasystole brings to the surface the tendency to alternazon This
has the same general significance as the more permanent form of alterna-
uon It also may appear during the very rapid rate of paroxysmal tachy-
carda 1n a panent without organic heart disease m whom no alternation
1s present while the rate 1s slow (It then has no prognostic significance )

Generally the electrocardiogram fails to show abnormalities that cor-
respond wath the pulse abnormahiies Occasionally electrical alternation
takes place, every other QRS complex bemng large and small Such alter-
nation 1s supposed to have the same bearing on prognosis as that of the
penipheral pulse Alternanon of the P wave has also been noted durmg
the rapid rate of auricular flutter

Pulsus alternans occurring i regularly beaung hearts, apart from
paroxysmal tachycardia, indicates heart muscle disease of a serious de-
gree It 1s not seen 1n normal hearts It 1s most common 1n assoctation
with hypertensive heart disease and with disease of the coronary arteries
but occasionally 1s found i valvular cases It 1s generally present when
the rate 15 over 90 and may disappear as the rate falls to about 70 In
fact, 1t 15 very rare when the heart 1s beating slowly Its importance lies
1 1ts prognostic sigmificance The length of Lfe after this sign 15 elicited
1s often not more than a year or two, although there are frequent excep
tional panents who carry on quite satisfactordy for more than five years

PHONOCARDIOGRAPHY

Just as electrical instruments were devised to register the action cur-
rents 1n the heart, similarly apparatus 1s now available to photograph the
heart sounds and murmurs These instruments are called phonocardio-
graphs or stethocardiographs They are coming imnto use more and more,
and 1t seems appropriate to touch upon the subject of phonocardiography
rather briefly

Heart sounds and murmurs can be augmented m mtensity many fold
so that they can become audible 1 an amphutheater or they can be prcked
up by many bsteners by means of appropnate electrical wining and ear
preces In fact, heart sounds can be transmutted long distances These
varous procedures are used very rarely, but the future may sce many
developments Little thought of at present What concerns us here 1s the
photographic registration of the heart sounds as commonly obtamed by
the simple phonocardiographs 1n use

At the outset one mught inquire as to what use phonocardiography
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mught have at present 1f the physician 1s hard of heanng the heart sounds
can be mtensified so that he may be able to detect sounds that he other-
wise would pot discover If hearing 1s normal 1t 1s doubtful whether any
climeal mterpretation of significance can be made from ehiciung famt
sounds with the ph d h that are dible with the ordinary
stethoscope There are instances, however, when even the expertly tramned
ear finds 1t difficult or even impossible 1o me accurately 2 sound or
murmur 1 the cardiac cycle This 1s particularly true of the third heart

Fig 182 Normal heart sounds Stmultaneous phonocardiograms and electro
cardiograms of 2 normal man 29 years old The upper sound curves were taken
from the apex and the lower from the pulmonary area Note that the first sound
(Sy) 15 louder at the apex and famter at the base than the second sound )

The relatve intensity of the two sounds varies both i normal and abnormal
hearts

sound producing a gallop rhythm All physicians have occasionally called
a murmur systohc 1 time erroneously nstead of diastolic or vice versa
The simultaneous registration of heart sounds and electrocardiograms
obvrates any such difficultres for 1t enables one to place any of the auscul-
tatory phenomena 1n thetr exact portion of the cardiac cycle

The significance and composition of the heart sounds are bemng elab-
orately investigated by many students and will not be discussed any
detad here Suffice 1t to say that the first heart sound ( lub )15 made
pumanly by the closure of the mitral and meuspd valves It 1s generally
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thought that 1t 15 partly muscular in ongn although some doubt ths
The second hearr sound (“dub ) 15 made by the closuze of the aortsc and
pulmonary valves The interval between “lub™ and “dub” 1s systole and
that berween “dub * and ‘Jub s diastole In some normal hearts, espe
crally s young persons m whom the rate 1s slow, a normal third heart
sound may be heard m diastole The aunicular contraction may produce
a sound that 15 rarely audible though st may be present mn phonocardio
graphic tracmgs When abnormsa! sounds or murmurs are heard it 1s
obviously mnportant to place them correctly 1 one part or another of the
cardiac cycle

Figure 182 15 an evample of the normal hearr sounds obtamed m 2
regular normal heart It should be noted that the first heart sound comes
direcily after the QRS comgplex and the second sound at the very end of
the T wave Figure 183 shows the character of the heart sounds in a
grossly wregular heart (auncular fibnllaton) The hesght of vibranons 1s
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Fig 183 Irregular sounds of auncalar fibmillinen Note the gross uregularty
of the rhythm Systole (S; to §) s farly constant but dustole (S; to 5 vanes
fram cycle to cycle The panent was a woman 56 yeacs of age with thyrotoxicosss

some wmdicaton of the loudness of the sounds Figure 184 1s a clear
example of 2 so called normal mudsysiohe gallop rhythm The extra
ar abnormal sound occurs i mudsystole, 1¢, between the pormal first
and second heast sound Thas must be clearly differentiated from a dias-
wolic gallop which almost always ndicates a pathologse state, m which
the third or abnormal sound occurs somewhere between the second and
the following first heart sound (Fig 185)

Pulsus alternans, which has been discussed previously, 15 detected 1n
the peripheral pulse Occanonally, how eser, the alternaung quality of the
strength of consecutive beats in a regular heart may be detected m the
altemnate mtensty of the heart sounds This 13 well displayed i Faguse
186 In the upper tracng the alternation m the heart sounds 1s accom
pamied by alternation 1 the form of the electrocardiogram There prob-
ably 152 1defective mtraventnicular conduction The lower tracing shows
that the auscultatory alternation 1s sull present when the electracardio-
grams remamn of the same form throughout This alternation s the Joud-
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ness of the heart sounds was first detected on routine physical examina
tion Murmurs, 1f present, may alternate 1n intensity and the apex impulse
may be seen or felt to alternate in strength

The character and mtensity of the first heart sound 15 a matter of some
mportance 1 chmeal auscultanon We know 1t 15 accentuated 1n matral

N i
E I

Fig 181 Normal mudsystolic gallop Note that between the normal first heart
sound (S,) and the normal second sound (S,) there 1s 2 definite thurd sound (S;)
which 15 even louder than the first sound The pauent was a woman 35 years of
age with rheumatotd arthrins but with no heart disease

Fig 185 Duastolic gallop thythm Note that the extra or third sound (S;)
occurs i diastole 1€ between the second and first sound Thus 1s almost 1nvan
ably pathologac The patient was a man 60 years old who had severe congestive
heart falluse following an acute coronary thrombosis

stenosss, hyperthyroidism, and 1 some nervous and other states It may
be dimunsshed in intensity m emphysema perscardial effusion, n acute
coronary thrombosis and, 1n fact, 1n some normal, healthy individuals
Among the various factors that determune the intensity of the first heart
sound, one that 15 most important 15 the P-R interval of that beat It has
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been shown that when the auriculoventticular conducnon time vanes m
different cycles (normally 0 14 to 02 second) the first heart sound wall
be loudest 1n those cycles with a P-R interval of about 0 04 1o 0 08 second
and that as the interval becomes longer the sound becomes more distant
It follows that with mtervals shorter than normat the sound 1s louder and
with itervals longer than normal the sound becomes famnter than the
normal first heart sound
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Fig 186 Ventricular alternation Note that alternate bears have fant (F) and
loud (L) sounds In the upper stap the ventricular complexes also alternate but
1n the lower set the electrocardiograms are of constant type The alternanon n
the heart sounds was gudible with the stethoscope and there was also pulsus
alternans 1n the radial artery Thus man was 73 years old and had senious hyper
tensive and coronary artery disease

This method, though not easily applicable, 1s m fact the only bedside
method avaable 1n judging abnormalites 1n the relation between the
ume of auricular and ventricular contractions It may aid 1n the diagnosis
of first, second and third degree heart black, nodal premature beats and
paroxysmal ventricular tachycardia There 1s reason to beheve that the
changes 1n the intensity of the first heart sound 1n these condinons result
because of differences 1n actual position of the aunculoventricular leaflets
(mutral and tricuspid) at the moment the ventricles contract As the ven
tricles fill 1 diastole the vahve leaflets gradually foat upward and then
the auncles contract, pushing them deeper mto the ventricular cavity, or
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at least to a different position The exact position these leaflets will obtan
will necessanily be different 1f the ventricles contract immeduately after
ths alteration resultng from auncular contraction than if a longer mter-
val mtervenes between auncular and ventricular contractions In other
words, 1t seems that the exact posiion of the mutral and tricuspid valves
at the tme of venmeular systole determunes the loudness of the first
heart sound The character of the soap will be dufferent if 1t comes from
a low posion than from a high position This changing imtensity of the
first heart sound, while the ventnicle 1s beating quite regularly, 15 the
patt 1 y sign of lete heart block and 15 clearly
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Fig 187 In upper tracing note changing mtensity of heart sounds especially
first sound (S;) wn different cycles Very loud sounds occurring with very short
P Runtervals When P and QRS occur sumultaneously first sound ss not increased
Also note audible auricular sounds (A) Male age 75 years had Adams Stokes
disease In lower tracing a case of complete block with aunrcular fibrillation shows
no change in first sound The aurncles are not contracting and thus there 15 no
P R alteration.

lustrated i Figure 187 Note that when the P waves come very close to
the QRS the first heart sound s very loud and when the P-R interval 1s
long the sound 1s dirmumshed

Numerous other dllustrations can be given showing the application of
phonocardiography to the study of heart sounds Much of 1t 1s stdl
the speculative stage The above cases were examples m which the ordi-
nary ear with a simple stethoscope was able to detect sigmficant abnor-
makities and make correct diagnoses which were merely confirmed by the
phonocardiograph  Possibly much more valuable data will be obtamned as
such studies continue

Phonocardiography also affords a stmple means of registering cardiac
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murmurs With the present methods of amplifying sounds 1t 1s an easy
matter to transform a fant murmur into a loud roar That does not help
the practicing physican, for he will remam dependent for the most part
on what he can detect with the ear and a simple stethoscope He wall not
be carrying around a complicated machine like the present stethocardio-
graph from house to house, though he may want to use 1t on occasions for
special purposes or for investigative work Furthermore, the quality of the
sounds 1s not quite the same when electrical apparatus 1s mtroduced

Finally, most murmurs that will have any signuficance or of which any
telligent interpretation can be made wall be audible with 2 stethoscope
without electrical amplificaton If an extremely famnt systolic murmur can
only be detected with special apparatus 1t would have no chnrcal 1mpor-

Tirmnen
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Fig 188 Loud systolic murmur of 2ortic stenosis transnutted to the elbow
The upper tracing shows very loud systobic murmur (grade VI) 1n the aosuc
area The lower sound tracing was taken from the night olecranon process while
the blood pressure cuff was inflated above the systolic pressure Note that the
systoltc murmur 15 sull detectable (M) The patient was a woman 45 years old
with aoruc stenosis and angina pectoris

tance, because even slightly Jouder systolic murmurs (grade I or I muus)
can be heard with the ear and yet often have no pathologic meaning
Howexer, we do know that a drastolic murmur that 1s diagnostic of mutral
stenosis may become o famnt that one obrerver may and another may not
hear 1t, and, in fact, 1t may not ke pre entatall Under such circumstances
amplification and regsstration of sounds may be valuable chocally Ex-
ploration of such problems 1s much 1n need at present

In a previous discussion (Chap 17) the significance of systolic murmurs
was taken up At this pomt 1t seems appropriate to illustrate graphically
one or two pomnts concermng murmurs and to comment atout their
methed of transmission I have Jong been convinced that there was some-
thing fallacious in the prevailng teaching concerming heart murmurs It
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1s generally thought that murmurs are transmutted etk the blood stream
A loud basal systolic murmur 1f heard in the carotd atea 1s supposed to
be indicattve of aortic stenosis and an apical systohc murmur if trans
mitted to the axilla indicanve of mitral msufficiency These diagnoses have
been made with greater assurance if such transmission were present than
1f not The pomt I should like to make 1s that transmission 15 dependent
mamly, 1f not enurely, on the loudness of the murmur, and that trans-
mussion takes place from the pomt of maxiral mntensity (wherever the
ongin may be) in all directions  Furthermore, tkere 1s evidence now avail-
able to show that tranenussion through bene 1s most likely of pumary
mportance

Loud murmurs over the aortic area are often heard m the neck becau e
they are near the nech and loud apical murmurs 1n the axilla because they
are near the axilla There 15 no physical reason to explain the transmssion
of a murmur with the blood stream because the speed of transmtssion of
sound 1s a great deal faster than the velocity of bloed flow A murmur
may be transmtted 1z but not etk the blood stream It 1s not likely even
that the transmusston 1n the flmd media 15 important as will e seen by
the following Figure 188 shows a loud systolic murmur, heard mn the
aortic area 1n a patent with marked aortic stenosis It was also present
over the carotid arteries but was also readily heard at the right olecranon
process, even when the blood pressure cuff was mflated 1o 220 mm of
mercury {far above the systolic pressure of the panent) This means that
the systolic murmur was transmutted through the bones of the arms for
the blood supply to the elbow was entirely cut off

The fact that the loudness rather than its site of ongin determines 1ts
transnussion 1s shown by Figure 189 Here a very loud systolic murmur
(grade VI) was heard all over the precordium, best 1n the third left inter-
space 'The pauent had congemtal mterventncular septal defect This
murmur was therefore made within the heart tself, and the current of
blood producing the murmur flowed from left ventricle to nght ventricle
Despite this the murmur was heard 1 the carond artery and also at the
left elbow while the artenal supply was cut off This murmur also must
have been transmitted through bone and not the blood stream Additional
evnidence that murmurs are well transmtted through bone 1s apparent n
Figure 190 Here a loud musical aoruc diastolic murmur was readily
audible on top of the head and over the bones of the arms It 1s well
shown 1 the phonocardiogram obtawned from the night olecranon process

In general 1t may be stated that loud murmurs are transmutted mn all
directions from their maximum pomt of ongmn and that bone 1s probably
the mam pathway of peripheral conduction Thus explams why the sys
tolic murmur of coarctation of the aorta 1s well heard 11t the nterscapular
region, for the site of formation of the murmur 15 deep 1n the chest and
near the spie It follows that any murmur that 1s loud enough, no matter
what sts ongm, may be audible over the carotid artery or even over the
bones of the arms

Apart from the mntensity of murmurs one derives very litle diagnostic
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Fig 189 Loud systolic murmur of mterventricular septal defect transmtted to
elbow The upper three strips are the three electrocardiographuc leads The muddle
set shows a loud systolic murmur from the third left sternal border The lowest
set shows that the murmur (M) 1s audible at the left olecranon process with the
blood pressure cuff inflated above the systolic pressure The pauent was a man
21 years of age 1n good health showing defimite evidence of congenutal tter
ventricular septal defect
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Fig 190 Loud aortic dastolic murmur transmtted to elbow The left set of
curves shows loud musical soruc diastolic murmur taken simultaneously with
Leads I and II The right set shows that the dizstolic murmur (M) was audible
over the right olecranon process with the artensal pressure occluded to that arm
The patient was 2 man about 50 years old who had aoruc msufficency probably
traumatc in ongin
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Fig 191 Conunuous machinery murmur of patent ductus arteriosus The
upper set show$ & coarse CONMAUOUS MUTMUF IHCTEASING 1n Itensity on approach
ing the second heart sound and again 1n the presystole obtamed from the pul
monary area The Jower tracings show normal first and second sounds (S, and
S3) wathout any murmurs following successful surgreal diviston of the d&ctus

The pauent was a woman 24 years of age with congental
The pauent was < ge gt patent ductus botallt

pusimvet

iy
e

i
nL

2 e




524 CLNicar, HeaRT DISEASE

value from the quality of murmurs At tumes, however, the pecultar
quality 1s of some mterest This 1s particularly true of the continuous
machinery murmur of patent ductus artersosus This murmur often seems
to envelop the heart sounds, becomng a httle Iouder as the second heart
sound approaches and continuing unnterruptedly after the second sound
In this way 1t differs from the systolic and dastolic murmurs of aortic
stenosts and insufficiency, 1n which there appears to be two separate com-~
ponents Figure 191 shows the disapp e of such a ¢ mur-~
mur 1n a case of patent ductus artertosus after a successful surgical division
of the duct

i
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Fig 192 Systolic murmur produced by fever The upper set shows systolic
murmur (M) i the pulmonary area while the pauent s temperature was 104 F
The lower set shows no murmur when the patent s temperature was 992 F
Thus patent had general parests but no heart disease and was recewving malaria
therapy
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One or two more sumple observations may be appropriate at this ime
It has been mentioned 1 Chapter 17 that slight systolic murmurs may
result from anenua fever, hyperthyroidism, physical exercise emotion and
other noncardiac causes ¥jgure 192 15 a simple example of the production
of a systolic murmur by fever This patient had no evidence of heart
disease and showed no murmurs whatever She had general paresis and
was recetving malaria therapy Dunng the height of the fever (tempera~
ture 104 F) a distinct basal systolic murmur was present that entirely
disappeared as the temperature returned to normal Finally, 1t 15 well to
bear 1n mund that the disappearance of a murmur with mnspiration does
not mecessarily mean that 1t has no chmeal significance Many famt sys~
tolic murmurs will vary 1n mtensity with Tespiration and some will dis
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appear with a deep mspiration However, a famt diastolic murmur that
15 diagnostic of orgamg valvular disease may also disappear after a deep
breath The procedure obviously decreases the intensity of some murmurs
and the very faint ones may therefore become maudible

Much more could be discussed concerning murmurs and their regis-
tration by phonocardiography but the entire subject 1s 1n the process of
mvestgation and awaits further elucidation
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1n syphulitc acruc aneurysm 166
Apomorphine for paroxysmal auncufar
tachycardia 214 392
Appendicius acute sheumatic fever con
fused wath 11 30 261
Argyna congemitzl heart disease confused
with 188

cyanosis confused with 188
Arrhythmuas 1 coronaty thrombosis 112
1n famihal cardiomegaly 148
1 functional heart disease 203
1n thyrotoxc heart disease 152
vagus sumulation and 226 227 Fig 74
Arsencals for syphibs 168
Artenial embolism venous phlebitis con
fused with 237
Arteniosclerosis and aoruc stenosis 50
bypertension and 134
Arteriovenous fistula creculation time 1p
155
heart fulure 1n 144
mn kidoey 145
1n fungs 323
murmeurs 1n 145 323
prognosis and 276
‘pulse pressure 1n 145
surgery for 14> 423
Arthnus of spme coronary thrombosis con
fused with 121
Aschoff nodules m rheumatc cardius 32
Asares congesuive heart fadure and 281
tricuspid stenosis and 56
ﬁsthmz gray har and 154
tebnn for p, smal auncular tachy
cardia 216 v

ventricular tachycardia 226
Atelectasis of Jung m syphiliic aortc
aneurysm 1
Atresia of tncuspxd valve electrocasdio-
419

gram 1
Atrual septal defec 193
clubbmng in 193
cyanosis tn 193
clectrocardiogram 1o 450 Fig 36
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Atnal septic defect heart sounds 1n 193

murmurs in
subacute bacterial endocarditis and
193

vocal cord paralysis in 193
x ray findings in 103

Atropine sulfate for Adams Stokes syncope
230

ectopic ventricular beats and 425
for h

INDEX

Aurncular hypertrophy P waves 1 452
Figs 128 129
ifarction P-R segment 1n 452
septal defect Sce Atrial sepral defect
sounds in complete heart block 446
standsull 382 Figs 48 49
Adams Stokes attacks and 383
digatalis and 383 Fig 48
quiidine and 316 383 Fig 49
h dia  See Par ! auricular

124 226 429
Aureomycm 1n subacute bactenal endo
carditis 183

tachy cardia

Auriculo ventricular block 435-448 Figs
107-125

and digitalis 496

Auncular dilat: 1 mural £
33 node of Tawara 325
st mutral stenosts 41 Ausun Fhnt murmur 47 167
1 tracusprd stenosss 57 Averun 1n treatment of chorea 24
See also P ! auricular

Sfibrillation
angina pectons and 90
aortic valvular disease and 45
bacterial endocarditss  subacute and
173
berugn paroxysmal 411
beriber: and 146
cerebral embol and 232
coronary artery disease and 411
thrombosis and 112 411
digitabis and 413 Fig 75
causing 411
toxcity and 409 Frg 82
electrocardiogram of 37
extrasystoles disunguished from 413
farmibal cardiomegaly and 148
functional heart disease and 203
gallop rhythm and 138
gallstones and 411
heart block complete and 519 Fig 187
falure 1n 35
hypertension and 137
hypertensive heart disease and 411
hyperthyroidism and 205 411
rutral stenosis and 35 411
nature and effect of 34 35
normal rhythm contrasted with 315
phonocardiogram 1 516 Fig 183
preumona and 411
pregnancy and 266
pulse deficit in 36
quimdine in 315 413 Figs 79 80
rheumanc fever and 411
scleroderma heart and 147
surgical abdomen confused with 261
syphilitic aortic insuffictency and 167
thyrotoxi. heart disease and 160
treatment of 413
tricuspsd stenosis and 57
vagus stmulation and Fig 74
venous pulse 1 37
flutter See also Paroxysmal auricular
Autter
1n coronary thrembosis 112

heart farture and
299
thyrotowc heart disease and 154
Axis deviation and position of heart 354
Ayerza s disease 249

BacTerIAL endocarditis 170-185
acute 170-172
bacterial flora in 170
chrome valvular disease cause of
171
normal valves affected by 172
penucrllin for 172
preumonia and 171
streptomycin for 172
sulfonamudes for 172
brcuspid valves and 199
coarctation of the aorta and 191
ruptured heart valve and 14>
subacute 172185
age inaidence of 174
anermaz 176 177
aortic valvulae disease 45
atrial septal defect and 193
aureomycin 1 183
auncular fibnllation and 173 277
benzoic acid 1 183
brcuspid aoruc valve and 174
blood cultures in 175 176 181
caropamide in 183
cerebral embol and 177 232
clinucal features of 174
clubbing of the fingers and 175 189
congenutal heart disease and 173 189
congestive falure and 277
coronary artery embolism 177
death causes of 177 184
differential diagnosis i 178
emboli and 176 180
fever 1n treatment of 180
gnplike onset of 178
bheart farluze 1n 177
sze n 173
hematuna and 175 179



InDEX 531

Bactersal endocardius  subacute hepann  Belladonna tincture for syncope 229

1n treatment of 182 Bengn syncope 228
hypertension and 173 Benzoi¢ 2cid 1n subacufe bacterial endo-
mtral mnsufficency and 32 cardius 183
rauemur and 174 178 179 277 Benbert heart disease 145-146
pamnful finger ups and 175 ﬂurxcukr fibrillagon transient 1
patent ductus arteriosus and 174
197 108 chrm-uc myocarditts confused with
percillin 181
resistance n 182 nrculauon tme 1o 155
pencarding and 175 dietn 146
petechuae in 175 digrtahs for 146
predisposing causes 17.. 277 dilatation of heart 1n 146
pregnancy and 173 266 electrocardiogram tn 146
prevention of 183 hyperthyroidism and 145
progaoss m 180 mural thrombosis in 146
prophylache pemaciln for 173 184 Ppregnancy and 145
securrence of infection i 184 prognos:s m 276
renal nsufficency 1n 176 pulse pressure m 146
rheumaguc fever and 173 systolic murmur it 146
antagorusm with 179 T wave changes m 510 Fig 179
confused with 178 vitarmun B deficlency i 145
thythm m 173 Bernheun s syndrome 114
nght sided vegetations and 176 m hypertension 139
rupture of valve n 177 Bicuspid aoruc valve coarctauon of the
of ventncle in 177 aortz and 190
of ventncular septum 177 subacute bactenial endocarditis and
scarlet fever and 173 74
sex madence m 174 valves 199
simple cold and 174 Bidirectional ventnicular tachycardia and
splenic enlargement and 176 digitalis overdosage 498 Fig 170
splnter hemorrhages and 176 Bigeruny digitalis causing 495
streptococcus sk test 1n 179 182 Blocks under head post of bed in treatment
visidans in 174 183 of congesuve heart failure 297
streptomyan in 183 Bl cultures 1n subacute bactenal endo-

swifonamides 1n 180 cardiis 176 181
surgery and 265 pressure angina pectorts and 89
symptoms of 175 determunatons 135

syphiliuic aoruc nsuffictency and 1A 201UC stenosis 55

173 1n cerebral hemorrhage 233
systolic murmur and 258 259 10 coronary thrombosis 111 116
teeth m 183

 paroxysmal suncular tachycardia
treatment of 180-183 213

tuberculoss confused wath 178

untreated course of 177

urethral manspulations and 174

valves mvolved 1 177

ventricular septal defect and 174
1

10 patent ductus artetiosus 197
thyrotoxic heart disease and 156
10 theuspid stenosis 57
volume 1n congesuve heart falure 285
Brain abscess in tetralogy of Fallot 194
Brain tumor hemiplegia and 232
Brauer s operation for chronic nonconstric
e penicardius 78
Banum chionde for Adams Stokes syn  Breathlessness Sce Dy spriea
cope 230 443 Broadbent s s1gn 77
Basal merabolism aotuc stenosis and 52 Bronchtal asthma rheumatc valvular dis
157 easc and 245
congestive failure and 157 dyspnea cardiac dyspnea confused with
feverand 1 246
hypertension and 157
1odine admynistration and 157
levkernma and 157
pheochromocytoma and 157
thyrotoxc heart disease and 156

Ball valve thrombus of the left auncle
147

heart disease and 273
clevaton i matral stenosss 41
factors 1n dyspnea 215-251
Buerget s disease angina pectons and 83
hemuplegia and 232
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Bundle branch block 366-376
bifurcated apex impulse and 375
clirucal tmphcations 373 376
complete heart block and 372
gallop rhythem and 138 325
n hypertension 140
moidence of 375
wcomplete 373-375 Figs 36-38
left 366 367 368 Fugy 29-31

and myocardial nfarction 372

18
prognosss and, 376
ventnicular  hypertrophy  disun
guished fromt 372

InpEX
Cardiohepauc angle m pericardsal effusion
8

Cardialysis  for chronie nonconstrictive
pencarditis 7t
Caronamude 1 subacute bacteral endo
cardins 183
Carotid stnus pressure, benuplega and 393
Paroxysmal auriculars fluter and
395 402 Figs 66 70 Tt
rapid heart achion and 227
1n treatment of paroxysmal anrcutar
tachycardia 214 215 390 392
Frgs 55 56
reflex and aorne steaoss 51

gram 1 478481 Figs 35 150-
156

partal 375 Fag 31
pulsus alternans and 375
prognoms and 275
Q wave over blocked ventsicle and
370 Fig 35
nght 366 367, 368 Fig 32 33
of His 326
of Kent mn Wolff Parkinson Whte syn
drome 506

Caceexta  congestive heart fadure and
281

pencardiys and 67
Caffeine 1 coronary thrombosts 123
Calaficauon of annuhws fbroses of ouiral
vate 41
of zorstc valve 53
systobic muzmur and 259
of ascending aorta 10 sypliiic sortits
166

of coronaty artery See Coronary artery
caleyficanion
of matral annulus 41
salve 41
of pericardum 71
Calcum gluconate for pacocysmal susicular
tachycardia 216
far veloaty of blood flow deterruna
ton 286
Capillary pulse m aorue msufficiency 48
thyrotoxsc heart disease and 156
Carbacho! fox ‘paroxysmal auncular tachy
cardra 2
C:rcmcma o( lung coronary thrombosis
confused with lgl
Carduac arthythnuas trauma and 240
asthma, 137 288
cachexz 308
falure w0 angioa pectons 96
n auncular fibnifsnon 35
hyperttophy See Hy pertrophy of heart
nfasction cerebral emboly and 233
nevrosts See Fuwuctional heare disease
ouweput constrictive pencardis and 73

ssmos pauses and electrocar
diogram 38% Fige 474 478
synwope snd 231
sumulanen and anginal paa 98
Cathartics and thyrotowc heast disease 153
Catheterzation of bheart nght bundle
branch electrocardsogram and 364
Celiophane wrappmg of syphihitic aortic
aneurysm 169
Central termunzi of Walson 331 332 Fig 5
Cerebrat accrdents 232
parowysmal sunculsr tachycardia and
213

polycythemua and 232
subducal hematoma 232
treatment of 233
emboh 232
euncular fibnitlauan and 232
carduac infarenion snd 232
ut nutral stenosis 232
subacute bactenal endocarditis and
w1 232
hemorrhage 232
blood pressure m 233
coronary thrombosis confused with
119
hypertension and 136 233
progoosts 233
sclerosss syncope and 229
thrombosss 232
Cervical sympathectoroy for angina pec
tons
for paroxysmal auticular tachycardi
218

vemns 1 tricusprd stenosis 57
Chair’ treaument for congestne heart
fasture 310
of coronary throsubosss 122
Chest decompression, for dysphagia 321
deformity dyspaea and 251
heart fudwre 149
pulmonary infecuons in 149
second sound . 149
w12l copacity of fungs s 149
pa 1n theumanc fever 15
pencardins 60
trauma angmna pectoris and 88 240
cotonary thrombosis and 240
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Cheyne Stokes respiraton aminophylline
for 289
1n congestive heart farlture 280 291
in coronary thrombosis 113
1n hypertension 139
mechamsm of 289
morphine for 289
parovysmal dyspnea and 234
prognosss and 275
1 syphilitee soruc msufficiency 168
Chlonde depleuon due to duretscs 307
Cholecysutis ver congestion canfused
with 262
Cholesterol angina pectoris and 83
thyrotoxic heart disease and 156

fever therapy i 24
hmb weakness in 24
pregnancy and 24 25
prognosts of 23
treatment of 24
Chronuc lead poisorng hypertenston and
134

myocarditis 143

beribert heart confused with 143

cor pulmonale confused wath 143

coronary thrombosis confused With
143

thyrotoxe heast disease confused with
143

nephaus 136
pencardits and 65
Circulation physiology of 3
ume 1n arterovenous fistula 155
1n bertber: heart disease 155
1 thyrotowc heart disease 155
Cirrhosss of the liver constrictive pericar
dius confused with 72 74
Climate as factor i rheumatic fever 21
Clubbing of fingers m congenutal heart dis
case 189
1 emphysema 189
1n lung abscess 189

533

Cold pressure test 1n hypertension 141
vaccnes mn prophylats of rheumatic
fever 21

Combined ventncular hypertrophy 364
Fig 28
Commissurotomy for nutral stenosis 323
Complete heart block (thurd degree) 443~
448 Figs 118-125
adrepahn m 448
auncular sounds in 416
banum chlorde for 448
bilateral bundle branch block and
448 Fig 125
1n childhood 444
congemtal 443 449
digitalis and 444 448
from digitals 304
diphthena and 447
ephednne sulfate for 448
first beart sound and 446
yuguler pulses 447
paroxysmal ventricular tachycardia
and 445
qumudine and 448
rtheumnauc fever and 447
syncopal attacks and 445
Compound E 1 theumatic fever 26
for scleroderma heart 147
Conduction speed of heart 326 Fig 2
Congertal heart disease 186-201
angiocardiography 10 duagnosis of
199

argyria confused with 188
atrial septal defect 193
brcuspid valves 199
cardiac cathetenization 1n 199
clubbing of fingers 189
coarctation of aorta 190 See also
Coarcranon of aorta
cor trfoculare biventriculare 193
cyanosis m 187
dextrocarda 192
digitalis m 201
Eisenmenger complex 196

1n subacute bacterial 175
9

Coarctavon of aorta 190-192
age 3t death 191
anastomotic circulation m 190
aneurysm of cerebral vessels 190
‘bicuspid zoruic valve and 190
complications of 191
diastolic murmur 1n 191
electrocardiogram 1n 4511
hypertension and 131 190
nadence of 191
motching of nbs 1 191
pulsaung arteries m 190
surgical treatment of 191
systolic murmur 1o 191
X tay findings m 191

Cobra veiom 1a angina pectons 103

m 200 449 Fags

126 127

German meastes and 186

heart murmurs m 189

heredity 186

1diopathuc hypertrophy of heart 189

Lutembacher syndrome 193

mental retardation 1n 189

methemoglobinemia confused with
188

patent ductus artenosus 196
foramen ovale 192
pulmonary artery involvement in
188

capillary pressure m 201
stenosis m 196
tuberculosis and 189

qumdine in 201
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Caongenutal ;mm disease  sheumate fever  Congestve heart fature psyehots w289
18!

nght aortic arch 189
1o left shunts 187

ulmonary second sound i 280
83

prisus alernans and 280

subacute bactessal #nd and
173 189

stunted growth and 189

systolic muzmur and 257

thoracoscopy in 201

treapment for 201

cuspid atresta 195

vasculas rings 198

venrrtcular sepeal defect 193

Congestive heart falure ascires and 281

avitarmnosis i 289
backward falure and 281

tasal metabolism and 157
rales 1 260

due to durests 309

nght ventocular 283 284

sgns of 280 281

Starlng s law of the heart and
282

surgery and 264
sweattng impairment and 28]
symptoms of 280
w syplubiec aorne msufficency 167
syphibtsc aoruns snd 166
treatment of 295-324
aad zsh dier 298
smudopyrine aed 309
amnephylling 305

blood fi and 4 m
285

volume and 284 285
cachexta 281 308

cardiac asthma n 28§
chawr treaument 310
chest deformisy and 251
Cheyne Stokes bresthung s 280

291

chmcal picture 1 291
after coronary thrombous 115
cyanosis and 281
dehydrauon and 309
development of 282
dustolic gallop and 280
drurctcs and 305-309
dyspnea m 280 291
ederga 20d 281 308
fever in 290 309

forward farlure snd 281 284
hydrathorax i 281
hypertension and 132 135 136 137
hypoprotesnernia i 308
unbatance of ventricles and 282
raunduce 260

Rarell diet i 297

feft ventricutar 283 284
leukacytosss 290
bver enlargement and 281
mechamsm of 281
n qutral stenosts 42
myxedema and 321
0 nephots (acute) 146
orthopnea and 280

0SMOLIE Pressure of blood and 284
fam s 2bdomen and

chlonde 307

bed rese 296

block under bead pasts afbed 297

bowels 299

catheterization of bladder 310

chest decompression by surgery
320

comumussurotonty 323

Dicuraasol 209

dier 297

digiabis 1 299-305 See alse
Digaealis

dwretin 305

exchange resins 308

Kermpner s diet for 308

low caloie dies 297

mercuhydnn 306

mercupunn 306

mercuxantiun 306

morphine 298

oral mescunals 306

oxygen 311

paracentesss 311

phiebotormy 311 312 313

potasstum salts snd 305

propylthiourac) for 322

gandne 313-320

radsoactive 1odine for 322

nce diez 298

salt Festrction in 298 306

salyrgan 306

sedatives 293

shunting operatsons for 324

Southey tubes for 310

sulfantdamide preparations 308

suigical procedurts 320324

sodlum sabicylate

P uncu.ht
and 212

noctursal dyspoea . 288
pencardius and 67
penpheral aircalatory Eature distin

gusshed from 239 291
potassium depletion and 305
pregnancy and 266 268

{druretin) 30
theophyint fnx drens 305
thiomenin 306
thoracentests 310
ihyrordectomy complete 328
tourruquets for 310
urez 307
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Congesuve heart falure treatment of val
vulotomy 320
vena cava igation 324
valvular disease and 62
velocary of flow 1n 283
venous pressure n 281 283 286
287

vital capacity in 283 287
x r2y findings 1n 280
Congo red test for amyloid disease 151
Constitugonal factors 1n angina pectoris
12 81
in peruicious anemsa 12
rheumaue fever 11 12
Coenstactive pencarditis  See Perscarditis
constrictire
Continuous murmur in arteriovenous fis
tula 145
Convennonal himb leads 342-346 Figs
12-15
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Coronary thrombosis bed pan in treatment
of 127

rest mn treatnfent of 127
Bernhemn s syndrome m 114
blood pressure fallin 111 116
bundle branch block and myocardial
mfarcion_ electrocardiogram  of
418484 Figs 35 150-156
carcinoma of lung 10 differential diag
nosts of 121
cerebral hemorrhage 1n differential di
agnosis of 119
chest trauma and 240
Cheyne Stokes respiration m 113
chronte myocardins  confused with
143
chimcal features of 110-115
complications 1 antcoagulant thera
29

P’
congesuve failure after 115

Coramine for heral y farlure
280

Coronary #rteries angmna pectorts and 86
caldification 1 angwna pectorts 89

use of it m

130
contraindications  to

anticoagulant
therapy 128

disease auncular and 411
chrontc  myocarditis  confused
with 143

heart block and 438
patoxysmal dyspnea and 234
pulsus alternans and 514
susgery and 264
emboalism 113 subacute bactersal endo
carditis 177
mjectton 109
blood flow digutahs and 293
msufficiency  stress  test for 489 Fig
160

ostial stenosis m syphilis 167
thrombosis 107-130
abdominal aortic aneurysm rupture of
n differenual diagnosts 120
findings 1 111
absence of pam 1 120
acute surgical abdomen an differential
dugnosis of 113 117 262
Adams Stokes 1n 112
angna pectorss and 108
in differentral diagnosis of 121
anterolateral myocardial infarction
and 460464 Figs 134-136
anteroposterior myocardial mnfarction
(Roesler Dressler) 476 484
anteroseptal myocardial infarction and
461-466 Figs 137-141
antiluenc therapy 1 125
appearance of patient 111
arthythmuas in 112
arthnitis of spine 1n differential diag
nosis of 121 236
atropine for
4

n 129
diabetic coma 1n differentzal diagnosts
of 118
dizphragmatic flutter 1n differential
diagnosis of 121
hernua 1n differental diagnosis of
121

dierm 126

differential diagnosis m 117

digitahis and 126

disappearan e of angina pectons atter
115

dissecting sortic ancurysm m differen
tal diagnosis of 120

duration of ife in 116

dyspnean 111

electrocardiogram in 113 114 455-
489 Figs 134-160

embolism in 114

enema 1n treatment of 122

fever mn 112

gallop thythm 1n 112

glycosura m 113

heart block 1 112
ratein 112
sounds m 112

hemyplegran 115

hemorshage acute confused with 121
237

herpes zoster confused with 121 236
high lateral myocardial anfarction 466
167

Hhustonical notes of 107
hypertension and 135
hypertonsc glucose 1 treatment of 123

12
suncular fibnllauon in 112 411

tear of aorta in
duagons of 121
sntravenous gallbladder dye and 176
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Coronary thrombosis leukocytosis n 112 Coronary thrombosis treatment of fiuds
sulfate for tach p 1 1

yeardia 124 hepann i 128

mesentenc snfarcis in 115

mode of onset 110

mural thrombt1n 127

myocardial nfarction without QRS
changes 486 Fig 158

oxygen in treatment of 123

P waves in 452

paunin 110 114

paroxysmal auncular flutter and 403
tachycardia confused with 214
ventncular tachycardia 1n 124 225

pathologic correlation 1 110

peptic ulcer hemorrhage and 108 236

pericardial friction in 112

pencardiis and 66 115
acute differentrated from 500

pneumomna in differenual diagnosts of
118

h mn i diagno

msulinn 125

papaverine 1n 122
paredrine an 123
plasman 123
restan 122 123
surgery in 126
T wave changes in 458
urinary findings m 113
ventrcular aneurysm i 115
fibrillavon 1n 114 124
tachycardia ;m 112
virus pencarditis confused with 64
weakoess m 111
without myocardial infarction 109
Wolff Parkinson White syndrome con
fused with 509

sts of 118
posterior myocardial mnfarction 114
468-474 Figs 142-146
izl

1n angma pectons 103
venous sinus ligation for angna pectons
107

Cor pulmonale acute 146

474-478 Figs 147-149
predisposing conditions 108
prognosts of 115 278
pulmenary edema in 112

embohsm confused vm.h 17 240

mfarcts i 115
qunidine routine use in 124

for ventnicular tachycardia 124
renal mnfarcts i 115
rupture of heart in 114
RS-T segment change 1n 458
sedimentation rate 1 112
septal infarcuon and 484
sex distribution 108
splemic infarcts 1n 115

10 489-493 Figs
161-166
wncomplete nght bundle branch
block and 375 493 Fig 166
posteriar myocardial infarcuon con
fused wath 493
chromyc 146
chest deformty and 251
chrouc  myocardius
with 143
diagnoss of 248
digitalis 1n 248
emphysema and 248
morphane and 298
oxygen therapy iz 248
Corngan pulse 1n zoruc insufficiency 48

confused

of the Jungs 1n differenual diagnos:s

of 119

subendocardial infarcuon and 485

1z

surgery and 265

surgical shock and 108

sweating in 111

syphilitic ancurysm of aora 1n duffer
ential diagnosis of 121

thrombophlebius 1n 128

treatment of 121-130

ammophylline in 125
anucoagulants in 128
caffeine1n 123

Dicurmarol in 123
ephednne n 123

heart disease and 156
Corusone 1n lupus erythematosus dissem
matus 148

1 rheumatic pencardius 63

Cor tnloculare biventnculare 193
Cough 1n rheumatic perrcarditis 60

1n syphibu¢ 2oruc aneurysm 166
Coupling and digitalis 304
Cyanosts argyria confused with 188

10 congenstal heart disease 187

congestve heart failure and 281

1 functional heart disease 208

1n mutral stenosis 39

1 tetralogy of Fallot 194

m_mcusp-d stenosis 56

Decuorny for veloaty of blood flow deter
mnation,

Deformuty of chest 149 See also Chesz de
Jormaty
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Delorme s operation 74
Demerol m coronary thrombosts 122
Depolarization of muscle 358
of ventricles normal 328-330 Fig 4
Dextrocardia 192 449 Figs 126 127
Diabetes mellitus anguna pectons and 83
hypertension and_ 136
Diabenic coma coronary thrombosts con
fused with 118
Disphragmatic Rutter coronary thrombosts
confused with 121
herma coronary thrombosis confused
with 121
Diarthea from digiahs 304
1n thyrotoxic heart disease 153
Dnstuhc gxuup bundle branch black and

phonocaxdmgﬂmm 516 Fig 165
murmur 1 aorte
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Digitalis intramuscular use 303
1ntravenous use
maintenance dose 302
methods for digitahzation 302
n normals 294
parenteral use 303
for paroxysmal auricular fibrillauon 223

29°
futter 219 295 400 402 Figs 67 68
72

tachycardiz 216 217 295 395 Fig 60

rapid heart action 295

ventnicular tachycardia and 224 225
48

1n penipheral cireulatory failure 279 295
pills or hqud preparation 300
potassram salts and 305
rectal use of 302

£

1n aoruc stenosis 54
m coarctation of the aorta 191
n mitral stenosis 34
1n pulmonc msufficiency (relative) 48
1n syphuliic zortic mnsufficiency 167
Dicumarol and congestive heart faillure 309
continuous use for repeated coronary
thrombosis 130
1 coronary thrombosis 128
quimdine and for reversion of fibnlla
ton 318
Diet 1n coronary thrombosis 126
Dievaide s sign 77
Digrealis action of 292-295
n angina pecions 102
aunscular fibrillation and 413 Fig 75
standsull and 383 Fig 48
auriculoventricular dissociation and 496
1 beniben beart 146

of and 301
1n rheumate fever 17
in rheumatic penicarditis 63
slowing effect from 304
tincture of 300
thyrotowc heart diesase and 155 159
toxioty from 303 304 409 421 49>
496 Figs 82 93 91
T wave effect of 495 Fig 168
vagal effects of 293
venous return and 293
yellow vision from 304
Dagitoxan 301
Digoun (Digitabs lanata) 301
Dulatatron of heart in beniben 146
1n nephnus (acute) 146
Diphtheria Adams Stokes disease and 150
comgplete heast bkw_k an 447
gallop thythm
heart block and 150 437

and
498 Fig 170
Digerminy from 421 495 Figs 93 94
10 chromic cor pulmonale 248
complete heart block and 444 448
caused by 304
n congemital heart disease 201
m congestive heart fabare 299
with sims thythm 300
coronary blood flow and 293
1n coronary thrombosis 126
coupling from
diarthea from 304
ectopic ventncular beats and 425
efficiency of heart and 294
electrocardiogram and 293 494498
Figs 168-170
extrasystoles from 304
hmsglodc and 293 304 407 437 Figs
xn

size and 293

ndication for use 294 295

mtexference and dissocration and 497
Fig 169

T wave changes mn 511

Dusorderly acuon of heart See Funcnional
hears disease

Dissecting  aortic  aneurysm
thrombosis confused wixth 120

Diureucs 305-309
amrg‘,nmum salts for increased duresis

coronary

chlonde dcplcuon and 307
mercuhydnn 306
mercupurm 306
mercuxanthun. 306
redigimalization and 309
renal function and 307
salyrgan 306
sulfanilamide preparatons for 308
theophylne 30:
thiomenn 306
touc effects from mercunals 306
urea 307
Diureun for angwna pectonss 103
Dorsal sympathectomy for angina pectons
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Dorsolumbar sympathectomy for hyperten
sion 322
Dupuytren s contracture 1n coronary artery
disease 93
Duration of symptoms in aortic stenosis 58
1n mmtral stenosis 58
1n tricusprd stenosis 58
Duroziez s sign 48
thyrotowc heart disease and 156
Dysphagia n ymtral stenosis 40
lusona 199
Dyspnea anemia and 249
angwma pectons and 88
bronchial cardiac dyspnea confused
with 24§
m congestn e heart failure 280 291
1n coronary thrombosis 111
deformiry of chest and 251
functional ongin of 249
funnel chest and 251
hystenical 250
lung di ease and 251
mediastinal disease and 251
obesity and 250

Eciampsia hypertension and 132
Ectopic beats 414-425
1n angina pectons 90
auncular fibnllauon confused wath 36
413

digitalis and 304
rutral stenosis and 35
papaverine for 205
quinudine for 205 319
nodal beats anesthesia and 414
changing intensity of first heart
sound and 415
vagal sumulation and 415
ventrieular beats 417-425 Figs 88-95
atropue sulfate and 425
auncular ectopic beats distungwshed
22

5
tigeruny and 420 Figs 92 93 04
digitahs and 425
emotions and 424
exertion and 424
heart sounds in 423
hypothalamus and 204 205
mterpolated beats 421 Fig 96
multifocal Fig 95
potassium salts and 425
qumdine and 424
suychnime and 425
symptoms 1n, 423
treatment of 424
tngemuny 420 Figs 90 91
sentricular sberranon and 421

Edema 1n congestuve heart falure 308

penpheral, prognosis and 274

Effort svndrome See Funcrional heare dis

ease

INDEX

Emthoven s equation 333
hypothesis 333
Eisenmenger complex 196
Electncal alternation of QRS 514
axis of heart respiraton and 354
position of heart, 334-342 Figs 7-11
hotizontal 336 Fig 8
mtermediate 336 Fag 7
semyhorizontal, 336 Fig 10
seruverucal 336 Fig 11
undetermnate 336
verucal 336 Fig 9
El acute cor
489494 Figs 161-166
alkalosis and 502
alternation of QRS 514
amyloid disease 151
angna pectoris 91
anterolateral infarcuon 460-464 Figs
4-136

anteroposterior infarction 476 484
anteroseptal infarcton 464466 Fgs
137-141
aortic srenosis 55
arbonzanon block 377
atresia of tricuspid valve 449
aunculoventricular block 435-448 Figs
107-125
auncular fibnllauon 37
auncular standsull 382 Figs 48 49
aunculoventricular dissociation 496
benben heart 146
bidirectional ventncular tachycardia 498
Fig 170
bigemuny 420 Figs 92 93 94
blocked premature beats 384
bundfe branch block 366-376
auncular fibnilauon and 372
Figs 30 33
complete heart block and 372
incomplete 373-375 Figs 36-38
left 366 367 368 Iigs 29-31
35

myocardial mfarction and 478~
483 Figs 35 150-156

partal 375 Fig 31

nght 366 367 368 Fig 32 33

ventnicular tachycardia  disun
guished from 373 Fig 99

central termnal of Wilson 331 332 Fig
5

coarctation of the aorta 451

combined ventncular hypertrophy 364
Fig 28

conduction speed of heart 326 Fig 2

congenutal heart disease 200, 449 Fgs
126 127

constrcuve pencardius 73 502 Fig 172

conventional himb leads 312-346 Figs
12~15

coronary thrombosis 113 114 455-489
Figs 134-160
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coronary
amphitude of ventricular complex
114
antenior infarction 114
postertor infarction 114
depolanzatton of muscle 358
of ventricles 328330 Fig 4
dextrocardia 197 449 Figs 126 127
digitabis and 494498 Figs 168-170
direction of impulse spread 327
dismarbance 1 mechamism of heart beat

Fig 1
ectopic beats 414-425
nodal beats 414-417 Figs 83-86
ventricular beats 417-475 Figs 88-95
electrolyte imbalance 502-505 Figs
173-175
extremuty leads 333
feral 346
focal block 377
functional heart disease 204 206
Goldberger leads 334 Fig 6
heart block complete 443448 Figs
118-125
second degree 440-443 Figs 113
114117
high lateral infarction 466 467
honzontal electrical posizon of heart
336 Fig 8
hypercalcemua and 503
hyperkalemua and 503 Fags 39 174
hypertension 140
hypocalcemia and 502 Fig 173
hypokalerua 504 Fig 175
complete bundle branch block left
375 Fig 38
left and left ventncular hyper
trophy 375
nght 375 Figs 36 37
night and normal heart 375
indetermunate electrical position of heart
336

mterference and dissociation 497 Fag
169

ntermediate electrical position of heart
336 Fig 7

iterpolated beats 421 Fig 96

nterpretation of 5.

mterventricular septal defect 451

mtraventricular block 376-378 Fgs 39
40

mtnnsicod deflection 348-350
ischenuc T waves 457
left bundle branch block antenor infare
ton and 373
ventricular complex 330
hypertrophy  pathologic matenat
and 357
‘hyperurophy 354-358 Figs 19-23
left bundle branch block distin
guished from 372
Jeft ventricular stran 360

low voltage n 453
Figs 130 1304
mean electrical ans 354
rotral stenosis 40
myocardial infarcuon and left bundle
branch block 372 Fig 35
vathout QRS changes 486 Fig 158
myxedema heart 143
nephntis acute 146
nonspeafic T wave changes 510
normal 325-351
paroxysmal auncular flutter  397-40>
Figs 65-73
fibnllauon 405414 Figs 74-82
tachycardia 387-397 Figs 53-6%
nodal tachycardia 417 Frg 87
ventricular tachycardia 425430 Figs
97-102
patent ductus arteriosus 197, 451
pencardins 498-502 Figs 1714-172
post tachycardia 214
posterior infarction 468-474 Figs 142~
146

sncomplete lefe bundle branch black
and Fig 38
posterolateral mfarction 474478 Figs
147-149
P Ranterval 344
precordial leads 1n anterolateral wmfarc
uon 460
0 anteroseptal infarction 464 465
1 postersor infarction 472 473
m posterolateral infarctions 474
normal 330-333
Q wave normal 348
premature auncular  beats
Figs 50-52
prognosis of angina pectoris 97
pulmonary embolism 117 118 236
pulmonc stenosis 450
P wave normal 342 343 344 451
changes 1 mutral stenosss 41
QaV wave 1n diagnosts of posterior
mnfarction 469
QRS changes in coronary thrombosis
458 459 460
QRS complex normal 343 334 345
Q T interval determunation of 503
normal 345
qumdine effects of 314
repolanzation of muscle 358
theumatic cardius acute 16 29 30
penicarditis 62
nght ventncular complex 330
hypertrophy 361-364 Figs 24-27
antenor infarction confused with
363 Fig 27
incomplete night bundle branch
block 364

383-387

nigbt bundle branch block and 363
R wave progression m V leads normal
347
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Electrocardiogram scleroderma heart 147
senuverucal electrical position of heart
336 Fig 11
septal acuvauon, 327 Fig 4
mfarction 484
sieo auncular block 434 Figs 106 107
sinus arthythrmua 379 Figs 43 44
bradycardia 379 Tig 42
pauses 380-382 Figs 45 464 46B
tachycardra 378 Fig 41
subaortic stenosis 451
subendocardial wfarcuon 485 Fag 157
tetralogy of Fallot 194 451
transtuonal zone 350
tncuspd atresia 196
stenosts 57
tngemuny 420 Figs 90 91
T wave changes 1 coronary thrombosis
458

umipolar lmb leads 334 Fig 6
ventricular aberration 421
activaton 328 Fig 4
aneurysm 437 Fig 159
fibnilaton  431-434 Figs 103 104
105

flutter 430 Frg 102
gradients 358
hypertrophy 351 Fig 16
left axss deviation and 351
septal defect 194
vertical electrical position of heart 336
Fig
wandering pacemaker 414 Fig 85
Weanckebach s phenomenon 442 Figs
113 117
Wilson leads 334 Fig 6
Wolff Parkinson Whate

INDEX

Enlargement of beart in rheumatic cardius
acute
Ephednine sulfate for Adams Stokes dig
ease
for carotid sinus syncope 231
for complete heart block 448
for syncope, 229
1n coronary thrombosis 123
Epilepsy syncope confused with 229
Epistaxis in rheumatc fever 10
Emnhtol tetranutrate for angina pectorss
103

Esophageal compression mn mtral stenosts

leads for auncular actity 473
for posterior myocardial nfarction
473 Tig 146
Essenual hypertension 133
Ether for veloaty of blood flow determina
tion 286
Ewart s s1ign in rheumauc perrcardius 61
Exchange resins for congestive heart failure
308

Exercise systohc murmur and 256 257
Exophthalmos 1n thvrotowc heart disease
152

Exposure to wet and cold in sheumauc

fever 21
Extrasystoles Sec Ectopic beats
leads of el d

333
Eycball pressure for paroxysmal aunicular
tachycardia 215

FAMILIAL cardiomegaly 148
factors 1n rheumatic fever 11
Fetal 346

506~
509 Figs 176178
Electrocardiograptuc pathologic  correla
tien 1n myocardsal infarction 478
Elecv.mfarchognphy chimcal 325-512

Feser basal metabolsm and 157
congesuve heart falure and 290 309
1n coronary thrombosis 112
hypertension and 133
m 1 auncular hyeard,

and 502-505 Figs 173-175
Embol to abdorunal viscera 262
n mitral stenosss 40
paroxysmal auncutar fibnllation and 221
qumudime and 316
mn lssri)bacu:e bacterial endocarditis 176

‘Emergencies acute cardiovascular 228-238
Emp}:zs:ma and chronic cor pulmonale
248

clubbing of fingers :n 189

meduastinal gorter and 248

‘T wave changes 1n 510 Fig 1804
Ermpyema of pancardiem 63

of pleura and pencardius 63
Endocardius lenta See Bactenal endocar

dins subacute
Endocrine factors 10 angina pectons 81

m relation to rheumatie fever 25 26
to other disease 26

213
systolic murmur 1 256 524 Fig 192
therapy 1n chorea
1n subacute bactenial endocardiuis 180
Fiedler s myocardius 144
heart block and 439
Finger fracture valvaloplasty for mtral
stenosts 323
Furst heart sound 515 517
accentuation 1 anerua 154
1m hypertension 154
1n mutral stenosis 34
1 thyrotoxic heart discase 154
with nervousness 154
1 complete heart block 446
heart block and 439
nodal ectopsc beats and 415
sn paroxysmal ventncular tachyear
dia 427
sn theumatic cardius 30



INDEX

Forr of infection angina pectons and 96
1m theumatic fever
Freckling hypertension and 133
theumatic type and 12
Frcuon rib See Pericardial friction yub
Functional dyspnea 249 250
heart disease 202-209

auncular fibnilation and 205
berugn extrasystole and 204
cyanoss i 208
dyspnea 1n 206
electrocardiogram 1n
hyperthyroidism ccnfused with 206
pam 1 206
palpttation 1 206
prognosis . 209
sighing breathing 10 249
systolic murmur 202
tetany associated with overbreath
mg 206
treatment of 209
tuberculosts confused with 206
tests of heart 5 6

GALLBLADDER disease angina pectons and
101
Gallop thythm sngina pectorss and 90
auncular fibnllauon and 138
bundle branch block and 138
1n congestive heart faifure 280
1n coronary artery disease 112 138
1n diphthena 138
heart block and 439
hypertension and 137 138
opening snap of mutral stenosis con
fused wath 138
presystolic 138
prognosis and 138 275
protodiastolic 138
n theumaue cardis 30 138
-scleroderma heart and 147
third heart sound confused with 138
without organic heart disease 138
Gallstones auncular fibnllation and 414
German measles congemital heart disease
and 186
Glycosuna in coronary thrombosis 113
Goldberger leads ( sugmented umpolar
lumb leads) 334 Fig 6
Gout angina pectoris and 83
» hypertension and 134
Grading of intensity of murmurs 255
Grabam Steell murmur 48
Gray hair asthma and 154
1 normal 154
perntcious anemsa and 12 154
thyrotoxic heart disease and 154
rowing pains B

541

HAR early graymg of 12 154
Hamman s discase
Heart block 443-448 Figs 118-125
1n sortic valve disease 45
auncular fibrdlauon and 519 Fig 187
coronary artery disease and 438
1n coronary thrombosts 112
dxguahs and 293 304 437 Figs 82

dxpht.hena and 150 437

Fuedler s myocarditzs and 439

first heart sound and 439

gallop rhythm and 439

hypertension 2nd 132 438

phonocardiogram 1n 519 Fig 187

posture producing

theumanc fever and 437 Figs 108
110 111 114

m rheumauc carditss (acute) 30

n rheumatc pencarditts 61

sarcoid and 439

second degree 440-443 Figs
114-117

sius bradycardia distinguished from
379

113

sudden death and 95
syphilitic heart disease and 438
1 ventncular septal defcct 194
fatlure See Congestize heart fatlure
size digutalis and 293
prognosis and 272
sounds cause of 3 4
1n coronary thrombosis 112
hyperactve See Hyperactve heart
sounds
1 pericardial effusion 68
Hematunia and subacute bacterial endocar
dius 175 179
Hemuplegia bran tumor and 232
Buerger s disease and 232
from carotid sinus pressure 393
m coronary thrombosts 115
embolism to the bran and 232
transient  hypertension and 233
Hemoptysis it mutral stenosis 40
Hemorrhage coronary thromboss con
fused wath 121 237
syncope and 229
Hepann 1 treatment of subacute bactenial
endocardits 182
Heredity angina pectons and 80
congenital heart disease and 186
hypertension and 133
in prognous of angma pectons 96
in theumnats¢ fever 1
Herpes zaster coronaty thrombosis con
fused with 121
Herxheimer reaction 168
Hoarseness 1n mutral stenosis 40
Hydropericardum 67 71
Hydrlc!horn 1n congestive heart fadure
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Hydrothorax ta meuspid stesoss 56
Hyperacuve beart sounds i rheumatc
fever § 15
Hypercalcernsa electrocardzogram and 503
Hypestension 131143
abdarunal arteroscleross and 136
abesrant renal artery and 141
adrenal cumors zod 132 141
angina pectons and 132 135
sorue wsufficzency and 132
artersosclerosss and 134
basal metsbolism and 157
Bernheim syndrome m 139
blovd pre yore derermunauon in 135
bundle branch block in 140
cardiac asthma and 137
e w129
cerebral hemorrhage and 136 233
Cheyne Stokes breathing n 139
clinical conrse m 135
cosrctation of aorta and 131 190
cold pressor test i 142
congestve heart falure and 132 135
coronary thrombosis and 135
diaberes and 136
dorsalumbar sympathectomy for 141
>3

eclampsz and 132
elecurocardiogram i 140
essepuat 133
eusclogic factors 133
fever and 133
freckling and 133
galiop thythm and 137 138
gourand 134
heart bjock and 132

fallure i1 136 137
heredity 1 133
hurnorat factoes m 133
hyperthyroidism and 132
hypertrophy of heart in 137
mtermuttent clandication and 136
lababiry of blood pressure in 133
lung mvolvement 1n 139
matgnant 140
menopause and 133
mugratne and 133
muteal stenosss and 42 27¢
nephrectomy umlmnl for 133
nephnts acute and
neurovascular vulnemblh!y and 133
nervous factors m
palprtation and 133
paroxysmal cardiac dyspnea and 137

234

polycyste kadneys and 132
polycythenua and 132
predisposing condivons 10 134
prognosts of 140

prosttic obstruction and 131
pulsus alternansy and 137
pyrogens m treatment of 14}

InpEx
Hypertension  refiex ongm withan heart
132

renal 1scherma 2nd 133
seqnal arvenonclerosss and 134
rheumatc fever and 134
rice diet 1 treatment of 142
salt festriction wn teeatment of 142
sex destesbunon 133
subacute bacterial endocarditss and 173
surgery and 2
sympathectomy i treatntent of 141
syphulis and 134
systohe murpur and 139 256 260
wransient henuplegia and 233
treatment in 140
typhord fever and 134
wrema and 336
vascular vutnerability 2ad 133
Hypertensive encephalopathy 141
heart disease 131-134
auncular fibnliaton and 137 41
madence of 131
paroxysmal aurcular fibrllationand
220

pulsug alternans and 514
fasluse ammnophyiine in wreatment of
140

motphine in treasment of 140
phicbotomy 1n treatment of 140
Hypeethyrordism See also Thyrotovic heart

disease

Addison s desease and 157

#ngina pectons and 85 88

surrcufar fibedlaton 1 205 411

avitaminosss and 154

bertben heart and 145

bload pressuce s 156

diarthea i 153

exophthalmos m 152

funcnonal heart disease confused with
206

gray bairan X154

heart block and 438

bypertension and 132

paroxysmal suncular fibnilation and 221
flutter and

proteta bound sodine 1 157

P wavemn 433

radioactive sodine uptake and 157

systohc murmour and 256 258

weight foss 153

Hypertrophy of beart m angins pectons 89

an hypestension 137

pencardites chronic nogconstrctive 2ad
76

Hypocalcernua etectrocardiogram and 502
Fig 173
Hypoglycema angmna pectons and 88
Hypokalenua electrocaediograra and
503 504 Figs 39 174 175

502

and 502 Fig 173
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Hypoproteinemia m congesuve heart fail
ure 308

constrictive penicarditis and 73
1t lar

and 204 205

Ip10PATHIC hypertrophy of the heart 189
Incomplete bundle branch block 373-375
Figs 36-38
acute myocardial infarcuon and
375

cor pulmonale acute and 375

543

Left bundle branch block  See Bundle

Branch Block left
lar

gram of 354-358 Figs 19-23
mcomplete left bundle branch block
and 375
left bundle branch block distn
guished from 372
stran 360
Leukesma basal metabolism and 157
Leukocymsls m congesuve heart falure

n comnary (hmmbesxs 112
1m p uricular 213

nght
and 375
tear of the aorta coronary thrombosis
confused with 121
Infectious arthntis  differentiation from
theumauc fever 16
Insubn in cardiac panents 125
1n coronary thrombosis 125
Interauncular septal defect See Atrial sep-
ral defect
1

&
dosage and 497 Fig 169

and 136
Interventricular septal defect See Ventricu
lar septal defect
Intracranial aneurysm rupture electrocar
diogram 1 457 Fig 133
hemplegia and 232
hemorrhage hypertension and 132
Intraventricular block 376-378 Figs 39
40

Intnnsicord deflection 348-350

Todimne admmustration  basal metabolism
and 157

auncular

m xheumauc fe\‘er 15
Libman Sacks disease 147
Laver congeston cholecystius confused
262

enlargement congestive heart fmlure and
281

constricuve pericardius and 72
1n pencardial effusion 68
1n tncuspid stenosis 56
pulsation 1n tricuspad insufficiency 55
Low voltage of ventnicular complex m em
physema 4
m Addison s dls:zse 453
n anemua
mmyxedema 453 Fig 131
1n pericardal effusion 453
Lugol s solation for thyrotoxic heart dis
ease 159
Lung abscess clubbing of fingers m 189
Lupus erythematosus disserinatus 147
ACTH 1n

cardiac complications m 147
clinical features in 148
corfisone 1n 148

Tpecac
and 214 392

Jnamice in congestive bear falure 290

n pulmonary embolism 2
Jugudas pulse 1 complete ot blok 447
h and

m 147
penartentis nodosa confused with
147

pencarditis and 67 147

P Rmterval in 147

rheumatic fever confused with 16
147

427
ventricular tachycardia and 224
10 sino-auncular block 435

KARELL diet mn angina pectoris 100
n congestive heart falure 297
Kempner diet for congestive heart fatlure
308

Khellm m angma pectonis 103

Laxatosioe C 301

Lead powsoning chromc angina pectoris
and 83
Leftaxis deviation 351

confused with 147
X ray in treatment of 148
Lutembacher s syndrome 193

MACHINERY murmur 1n patent ductus ar
tenosus 197
Magnesium sulfate for paroxysmal auricu
lar tachycardia 216 395 Fig 61
for paroxysmal ventricular tachycardia
124 226 430
Malignant cxoph!halmos 158
hypertenston 1
thyroid lesions 161
Marfan s procedure 70
Masked thyrocardiacs
Mean electnical ais 354

152
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Mechancal methods for treatment of con
gesuve heart faluce 300

Mecholyl for paroxysmal auricular tachy
cardia 393 Fig 59

Mediasunal goser, pulmonary emphysema
and 248

Medustiropericarditis
chrome nonconstrictive

Medicolegal aspects of heagt disease 239~
244

Maral stenosis duappearance of presys
tolie murmur 37
duration of syraptoms 58
dysphagia i 40
electrocardiogrant 1 40
emboli (perpheral) m 40
esophageal compression n 41
extrasystoles 1 35
finger fracture valvuloplasty for 323
flor1d countenance 1n 39
heart faslure n 42
hemoptysis in 40
hoarseness n 40
of b 2nd 42 43 274
mycoma of the left avncle and 147
operung swap ;m 34
patoxysmal auncular fibnlanon 220
and 266

See  Perwcardius

Menopause hypertension and 133
Mental retardanon congenwal heart dis

ease and 189
ercuth

for
heart farfure 306
M

P for tment  of
heart fatlure 306
M for of
heart fafure 306
Mesenterse wfascts coronary thrombo
s1s 115
Mesomozph bady type 81
Methemoglobinerma congerutal heart dis
case confused with 188 pulse in 39
methslune blue 1n reatment of 188 Pwavem 41 128 452 Fig 129
poltuted water and 189 quimdine for auncular fibriflation and
Methyiene blue 1n treatment of methemo 3§7 318
globmemya 188 theumatic cardius (acute) confused
Mettazal for Adums Stokes disease 230 with 32
Mudsystobe gallop thythm gl nght h m 4l
gram n 516 Fig 184 systolic murmur i 42
Migrame hypertension and 133 thnil (diastolc) m 39
Mitra)  duastolic  1n sheumiaue cardus thyroroxc beart disease confused with
acute 31 62
msuffiqency 32 33
auncular ddatation m 33
fuoroscopy m diagnosis of 33

presystolic murmur ip 34
prognosis iz 39
pulmonary artery sclerosss 134
nfarction m 40
second sound accentuation sn 34

thyrotexicosis coesisting 317
tncuspd sufficency surmeatly 1
duced for 323

organc cheumance 33 253 254

pregnancy and 266

relatne 253 254

subseute bactenal endacardites w32

systolic murmur and 253

stenosts 3344

accentuation of first sound 1 34

age at death it 57

aphona in 40

aunicular (left) dilatation sn 41
fibrllation and 35 411
sq;ul defect mduced surgically for

23

stenons and 57

vascular vulnerability m 43

without diastolic murmar 38

% ray in diagnosts of 40

valve disease 2artic stenosss and 54 55
lesson disungwshed from 45

dyspnea and prognosis ;275

rupture followang trauma 240

Morphine for Cheyne Stokes resptration
289

for congestive heart faslure 298
mn coronary thrombosis 122
cor pulmenale and 298

benefical et of n
43

blood pressure 1 42
bronctual elevanon m 41

parory auncular and
392

for pasoxysmal nocturnal dyspnea 288
ventncular tachycardia 226

calufied vabe w41

cezebral embols and 237
commissurotomy for 323
cyanosis i 39

derelopment of murmur 34
di of

Mumps myacardstss and 150
Murzf(hrm);\qbosu 10 benbers beart 146
mn coronary thrombosis 127
Muzmues teaasmassion of 254 521 Figs
188-190
Myocarduat See Coronary throm

n 39 bosis
dasrolic murmur i 33 without coronary thrombosts 309
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Myocardual infercuon  Wolff Parkinson
te syndrome confused with 509
Myocarditis 1n diphthena 149
mumps and 150
virus pneurnonia and 150
Myxedema 144
angina pectonss and 83 144
cardiac dilatation m 144
congesuve heart faiture and 321
electrocardiogram n 144 453 Fig 131
pericarditis and 67 144
thyroid medication for 144
T wave changes m 510 Figs 131 180
Myxoma of left auncle 147

NEOSYNEPHRINE for paroxysmal zuricular
tachycardia 216
Nephntis acute dilatauon of heart in 146
electrocardiogram n 146
‘heart falure i 146
hypestension and 132 146
treatment 1 146
and heart disease prognosis m 276
surgery and 2
Nervous heart Sce Functional heart disease
Neuroairculatory asthenta 207 See also
Functinal heart disease
constitutional factor 1 207
electrocardiogram 1o Fag 41
precipitating factors in 207
symptoms of 207
trauma and 241
Neurogenic dyspnea See Funcrional dys
pnea

545
Orthostatic paroxysmal ventricular tachy
cardia 224

Ouabain 301

Oxygen for congestive heart farlure 311
1m cor pulmonale chronic 248
1 coronary thrombosts 123
for perpheral circulatory fatture 280

PAGET s disease angina pectons and 83
Pain 1 abdomen 1n congestive heart fail
ure 281
Pamful finger ups 1n subacute bactersal
endocardins 176
Pamless coronary thrombosis 120
Papavenne 1 coronary thrombosis 122
for extrasystoles 205
Paradoxic embolism 192
Parathormone for paroxysmal auricular
tachycardia 216
Parednne 1 coronary thrombosis 123
Paroxysmal auncular fibnllaton 220-224
aurcular flutter confused with 219
berugn 411
chronrc myocarditis and 220
digttalis for 222 223
induced heart block and 407 Fig
82

electrocardiogram in 405414 Figs
74-82

embolism and 221

hypertensive heart disease and 220
hyperthyroidism and 221
mechanism of 405

outral stenosis and 220

and 133

Nitroglycenin 1n angina pectons 97
s patotysmal aunicular tachycardia 216

Nodal ectopic beats See Eetopic nodal beats
tachycardha digiralis and 495

Node of Keith Flack (sino auricular node)
225

Nonbacterial verrucous endocardius  See
Lupus erythematosus disseminatus

Nonspeaific virus penicardius 67

Nosebleeds i rheurnanc fever 10

Notching of nibs 1n coarctation of the aorta
191

Novocain m coronary thrombosis 122

OBESITY angmna pectons and 97
dyspoea and 250
prognosts in heart disease and 274
wital capacity and 91
Obstetrics t1sk of cardiacs and 265-270
See also Pregnancy
Ocular pressure for paroxysmal suncular
tachycardia 213 390 392 393 Fig 57
Omentopexy for angina pectonis 107
Opening snap in mutral stenosis 34

and 220
Pprevenuon of attacks 223
pulse defiat n 221
qumdine for 223
rheumanc fever and 270
surgery (especally of lungs) and 2.0
symptoms 1n 221
m thyrotoxic heart disease 153
treatment of 222
flutter 218-220
au;lcu.lar fibnllation confused with
9

carond sinus pressure for 399 402
Figs 66 70 71

chronic nephnts and 403

coronary thrombosis and 403

digitalis and 219 400 402 Figs 67

72
electrocardiogram m 397405 Figs
65-73

exercise and 402

hyperthyroidism and 403

jugular pulse and 402

lobar preumoma and 402

paroxysmal auncular tachycardia
disunguished from 402

pertcardiuis and 403
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and 403
quimding for 220 404 Fig 73
rheumangc fever and 403
thyroid storm and 402 Fig 70
treatment for 219 403
vagus symulation and 399 402
Figs 66 70 71,74
tachycardia 211 217
acetyl B methylcholine for 216
acute coronary thrombosis simulated

y 390
and heart block 218, 395-397 Figs
63 6%

angmna pectons and 212 389

apomorphine for 214 392

atebrin for 216

blood pressure 1 213

calcrum gluconate 1 216

caroud sinus pressure mn 214 215
390 392 Figs 55 56

cerebrovascular acadent and 213

cervical sympathectomy for 218

clinscal features 388-389

congestyye heart farlure and 212

coronary thrombosts confused with
214

diagnosss of 389

digitaliy for 216 217 395 Fig 60

electrocardiogram of 387-397 Figs
53-64

exercise and 390

fever in 213

mndigeston and 212

pecac for 214 392

leukocytosis i 213

magne rum sulfate 395 Fig 61

mecholyl for 393 Fig 59

morphine and 392

neosvnephrine for 216

normal heart and 211

ocular pressuxe and 213 300 302
393 Fig 5

pzra!hcrmonc for 216

paroxysmal auncular flutter dis
tinguished from 402

physical findmgs m 212

precipitating factors 212 389

prevention of 216 395

prostigmne for 216 395

pulse pressure and 213

P waven 452

qumdine sulfate for 216 277 393

sudden death in 215

dunng surgerv 392

symptoms of 212

syncope i 212

treatment of 214 390

vagus sumulation Fig 74

valsalva expertment in 215

+ ray findings i 213

dyspaca 234

Paroxysmal auncular flutter pneumonia  Paroxysmal dyspnea Cheyne Stokesbreath
234

1ng and
Coronary artery disease and 234
hypertension and 137 234
Phlebotomy for 234
pulmonary embolism and 234
treatment of 234

nocturnal dyspnea aortc valvular disease
and 288

1n congesuve heart faillure 288
coronary artery disease and 288
hypertensive heart disease and 288
mechanism of 2

morphine for 288

phlebotomy for 288

precipitaung factors 288

prognosss and 275

upnight posiuon for 288

nodal tachycardia 417 Fig 87
rapud heart action 210-227

anginal pam and 85 237
caroud smus pressure and 227
digitalis for 255

general features of 210
patoxysmal dyspnea and 234
prognosis w277

pulmonary edema acute and 237
pulsus alternans and 514
shock and 237

short P R mterval and 509
syncope and 228 237

vagus stmulation and 227

ventricular tachycardia 224-227

atebnn for 226

atropine for 226 429

auncular tachycardia disunguished
from 224

bedside recogmtion of 427

complete heart block and 445

1n coronary thrombosis 112 124

digitalis and 224 225 428

electrocardiogram in 425-430 Figs
97-102

first heart sound 1n 224 427

Jugular pulsations and 224 427

magnesium sulfate and 124 226 430

morphne for 226

post tachycardia T wave changes
425

posture and 224

potassium for 226

procame amude {pronestyl) and 225
226 430

qudine and 124 225 226 319
428 429 Fig 101

supraventncular  tachycardia and
bundle branch block confused
with 425 Fig 59

treatment of 225

vagus sumulation m 224 427 Fig
74
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Partial heart block See Heart block second

degree

Patent ductus arteriosus

bactepsal :ndacamms and 197 198

blood pressure n 197

cyanosss ;n 198

electrocardiogram 1 197 451

machinery murmur ;m 197 Fig 191

penucillin for subacute bactersal en
docardiuss 1 198

phonocardiogram m 524 Fig 191

stunted growth in

subacute bactenal cndomrdms and
174

sargery m 187
thnll m 197
tuberculosis and 197
ventricular sepral defect confused
with
x ray findings in 197
foramen ovale 192
Pectoral muscle implantation for angina
pectonis 1
Peructllin 10 theumatc fever 20
1 subacute bacterial endocardins 181
1n syphilis 168

547

d liver

and 72
preumontc perrcardis and 64
prognosis m 276
pulsus paradoxns i 72
sheumanc fever and 72
symptoms 11 72
treatment 10 74
trcusprd stenosis confused with 74
tuberculosi> and 65 71
T wave changes i 510 Fig 172
venous pressure m 71 73
x ray findings 1n 73
coronary thrombosis and 66 115
differentiated from 500
electrocardiogram 1 498-502  TFags
1714-172
lupus erythematosus dissernatus and
67 147

mmsceltaneous forms of 67
myxedema and 67
nonconstrictive 75-78
diagnoss of 76
etwlogy 73
‘hypertrophy of heart in 76
signs 1 76-78

Pepu ulcer angmna pectorss and 101
Peniartenus nodosa lupus erythematosus

dissermnatus confused with 1
Perscardial caleification 71

trearment 10 78
valvular disease confused with 77
xraym 77

pneumona and 63

disease 59-78

effusion 67
cardiac dullness area n 68
cardiohepatic angle 1n 68
diminished heart sounds in 68
clectrocardiogram 1n 453 502
friction rub and 68
liver enlargement in 68

rheumatic 59-63 175
subacute bactenal endocarditis and 175
tuberculous 65

Pencardum empyema of 63
Penpheral circulatory falure 279

albumun human for 280
1o anesthesia 279
caffeine sodium benzoate for 280

1n myxedema heart 144 congesuve  falure  disungmshed
pulsus paradovus and 68 from 279 291
s1gns of 68 digitalis and 295
tapping of 69 1n nfection 279
x ray signs of 69 oxygen for 280
fntion rub 1n coronary thrombosis 112 parednne for 280
peticardial effusion and 68 plasma for 280
10 sheumatie cardstss (acute) 31 s1gns of 279
pesicardis 60 treatment of 279-280
tapping 69-71 embols 236

Pericardius anems and 67

cachectic state and 67

chromic nephninig and 65

congestive failure and 67

constrictive 71-75
ascites and 290
blood pressure i 72
cardiac output and 71 73
aurrhosss of biver confused wath 72 74
congesuve fadure confused with 74
Delorme s operation for 74
diagnos:s of 72
electrocardiogram 1n 73 502 Fig 172
hypoprotemenua and 7

surgery for 237
s1gms of aortc msufficiency 48
Pernicious anentia angina pectoris and 84
constitutional facters m 12
gray hair and 1. 154
pencardius and 67
Petechiae i subacute bactenal endocardis
176

Pheo;hromucymma basal merabohism and
57

postural hypetension and 157
Phlebotomy for congestive heart faifure
311 312 313
for hypertensive heast failuse 140
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Phl. for ysmal

dysprea 234 288
Phonocardiography  514~525 Figs 182w
192

@oruc stenosss 53 Fig 188
auncular fbnllaton 516 Fig 183
complete heart block 519 Fig 187
duastolic gallop thythue 516 Fig 185
mudsystolic gallop rhythm 516 Fig 184
patent ductus areniosus 524 Fag 191
pulsus alternans 516 Fig 186
transzussion of murmurs 189 190 521
Fig 188

Phython for angina pectons 103

Puck s disease 76

Paantary basophuhsm  hypertension and
132

Plasma for penpheral orrculatory fatture
280

for shock n coronary thrombosis 123
Preumoma coronary thromboss confused

with 18

paroxysmal auricutar fibriltation and 220
fluzter and 403

pencarditss 1 63

rheumatc pertcacdins confused wath 61

64

h

coronary
fustd with 118
Polycysuc kidneys hyperteasion and 132
Polycythemia angina pecionis and 83
cerebrat acnidents and 232
bypestension and 132
10 tetralogy of Fallot 194
m tracuspid stenosts 57
Postion of heart and aws devamon 354
Postenor myocardial nfarction See Coro-
nary thrombosis
Postextrasystoliz pulsus alternans 514
T bycardsa el 4

con

gram of Fig 41
Posture change syncope and 228
Potasssum depletion congestnve heart fart
wre and 305
ratoxicaton See £ perkolenna
sodide for syphilis 168
[o;z%:mt)smzl venmcular tachycardia

salts for congesave heart fastuce 309
for ectopte ventmicular beats 425
for premature auncular beats 386
Potenval heart disease 28-32
P R interval 344
first heart souad and 517 518
m 1:;:'.1: erythematosus dissermnatas
h3

Precordual efectrocardiogram normal 346~
318

Ieads normal 330333
Pregnancy heart disease and  265-270
aboruon ndicanons for i cardiacs
268

Inbex

Pregnancy heart disease sornc valvular

chsease and 266

auticular fibnllaton and 266

benben heart and 145

cesarean section w269

chorean 24 25

congestive heart failure and 266
268

functional heare disease and 266
matemnal mortality 1 cardiacs wath
270

mutral nsufficiency and 266
stenosis and 266

pulmonaty edema in 269

theumanc cardius active 266

subacute bactersal endocarditts znd
173 266

tovenua and left ventricular fatdure
m 2

ulumate effects on cardiacs of 270

vatal capacity of lungs i 268

Premature aurcutar beats 383-387 Figs

50-52

charcal features of 386
potassum salts for 384
ventricular beats See Ectopre temricular
beats
Presystohic murmur amy! minte test for
3

disappearance with aurcular fibnifla
‘tion
methods for detection 34
0 mytral stenosis 34
Procatne emude  Sce Pronestyl
Prognoss 1n angwia pectorss 94 278

1 goruc discase 43
m artenovenous fistula 276
1 beribert heart 276
bronchual dyspnea rale of 273
bundle branch block and 275
cardtac 2cadents and 276
1 cerebral hemorrhage 233
Cheyne Stokes resprration and 275
of chorea 23
i constriciive pencardins 276
caronary throrhosts and 115 278
edema penpheral and 274
mn funcuonal heart dhsease 209
gallop rhythmn and 138 275
mn heart disease 271-278
heart tate and 272
heart size 2od 272
1 hypertension 140
immediate 1a contrast o ulumate 271

27
wfecuon sole of 272
xmrnl and sortic valve disease contrasted

of rmu-al stenosts with bypertension 274
nephrius acute 276

chromc 276
obesity zad 274
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Prognosis parovysmal nocturnal dyspoea
and 275
rapid heart action 277
pulsus alternans and 275 514
of theumauc fever 22
pencardius 62
of sinns arrhythmia 380
1n syphilitic aoruc msufficiency 167
1n thyroid heart disease 276
1n toxemia of pregnancy 276
tricuspid valve disease and 275
0 urenuc pencardius 66
Pronestyl (procane amide) paroxysmal
ventricular tachycardiaand 225 226 430
Propadnine for Adams Stokes disease 230
Prophylaxis in theumanc fever 18
Propylthiouracal angma pectorss and 159
for congestive heart fallure 322
1m treatment of thyrotoxic heart disease
158 159

549

Pulse 1n mutral stenosts 39
pressure n gortic msufficiency 48
10 anenovenous fistula 145
10 benben heart 146
1 parovysmal auncular tachycardia
213

10 thyrotoxic heart disease 156
Pulsus alternans 512 Fig 181

‘bigeminy differentated from 513

bundle branch block and 375

1n congestive heart falure 280

coronary artery disease and 514

hypertension and 137

paroxysmal tachycardia and 514

phonocardiogram of 516 Fig 186

postextrasystolic 514

prognosis and 275 514

chromic
pencardms 77

constrictive pencarditis and 72

n normals 68

m effusion 68

Prostauc: obsu-umun hypertensionand 131
tachy

cardia 216 395
Proten bound sodme thyrotoxic heast dis
ease and 157
Psychosis m congestive heart falure 209
Pulmonary artery disease 249
sclerosis mtral stenosis and 134
mvolvement 1 congenttal heart dis
case 183
capillary pressure in congenutal heart drs
ease 201

edema acute paroxysmal rapid heart ac
tron and 237
in coronary thrombosis 111 112
1@ hypertension 139
1n pregoancy 269
embolism 235
climcal features of 235
coronary thrombosts confused with
17 2
:l:mvcaxdnographlc changes 1 236
Figs 161-166
hemoptysis and 236
jaundice and 236
paroxysmal dyspaea and 234
1nfarction 1n soruc valvular disease 45
1 coronary thrombosis 115
1n mutral stenosis 40
second sound conmgesuve heart failure
and 280 283
n mutral stenosis 34
m pulmonary embolism 117 236
systolic murmur 1n pulb embol

Purkinje system 327
P wave 1 auncolar hypertrophy 452
m hyperthyrordism 453
rotral stenosss and 41 452 Figs 128
129
10 myocardial mfarcion 452
normal 312 343 344
. parorysmal auncular tachycardia
452

1n pulmonary emphysema 453
10 right ventncular hypertrophy 453
10 sinus tachyeardia 422
Pyrogens i treatment of mahgnant hyper
teasion 141

QRS CoMpLex normal 343 344 315
Q T interval determumation of 503
normal 345
Quintdine 313-320
for angina pectons 103
suncular # Shalation and 315 413 Figs

mndsul.l and 316 383 Fig 49

circus movement 314

1n congemral heart disease %01

1n coronary thrombosis 124

and Dicumarol for reversion of fibrilla
tion 318

discovery of 313

doszgc schedule 318-319

1m 117
thromboss 235
Pulmonuc stenosis 196
clectrocardiogram m 374 450 Fig 37
Pulsaung arteries i coarctation of the
aora 190
Pulse in aortic stenosis 55
deficit 1n auncular fibnllauon 36 221

effects of 314

emboli and 316 318

for exteasystoles 205 319

hemuplegia due to embok and 317

n nnu-al stenosis and suncular Sbeila
tion 3

for noradt fibnilators 317

for parorysmal auncular fiballaton 232

flutter 220 404 Fig 73
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Quurudine for paroxysmal anncular tachy
cardia 216 217 393
ventrcular tachycardia 124 225 319
428 429 Fig 101
n post subrotal thyrodectomy fibsilia
tors 317
n prevention of aunculat fibnflaten 319
marntenance dose 319
pharmacologic action of 314
respasatory falure and 316
sudden death and 95 316 317
1 thyrotoxie heart disease 160
ety from 316 317
vitat capacity 20d 315
Qwave overprecordiurn normal 348

RapoacTive odine for congestve heart
farlure 322
m wearment of thyrotewe hears dis
case 158
upwke hyperthyrowdistn and 157
Rapid beart action See Paroxysmal tachy
cardia
Regronal factors in theumatic fever 12
Renal funcuon and drencs 307
nfarcts s coronary thrombosis 115
1scherua hypertension and 133
msufficiency w subacute bactenal endo
cardias 176
Repolanzauon of muscle 353
Respuration electrical axs of heart and 354
Respreatory fature quinidine and 316

INDEX

Rbewnauc fever ascorbic aad w 17

atypical form of $ 10 30

auncular fibrllavon and 411

cardiac involvement 1 13

chest pann 15

chmate sn 21

chnteal features of 14

«old vaceines and pmphy]axn of 2t

compound E and

constitutional (acmrs w1112

diagnosss of typrcat case of 15

dsgitabisin 17

electrocardiographic changes in 16

endocnine glands in 25 26

epistas m 16

exposure 10 wemess and chilling as
contrsbunng factor 2%

farulsat faceors sn 11
focus of infection 1 8 I8
growang paas w8

heart block and 437 Figs 108 110
1 ng

heredtary factors s 11

host differences m 10

hyperacuve heart sounds 11 9 15

hypertension and 134

wcubation penod 1o §

mfzsmous arthaws  differentiation of
H

wtrantenne 266

leukocytosts in }5

lupus erythematosus dissemunatus con
fused with 16 147

Rest of coronary 1 auncutar and
122 123 220
Retnat artery pulsations m aorue wsuffi flutter and 403
clency peeuciilia m 20

artenosclerosts hypertension and 134
Rewrosternal gower 162
Rheumanc casditss acute 28-32
aaruc dustole murmur an 31
appendicius (acure) confused with 30
Aschoff nodules 1n 32
firse heary sound in 30
elecsrocacdingtaphuc changes 1n 29 30
enfargernent of heartn 30
evidence of 28
gallop shythm in 30
heart block i 30
mutral duastelic rucoge an 31
stenosss confused with 32

pericardaat friction rub mn 3t
systolic murmue 1o 29
achymdsm 28

iathesis 12

fever 7-27
abdominat paun m 11
ACTH 1
adrenal in 25
allergrc pature of 7
snustreptolysin Lter m 13
appendiaus scute confused wuh 261

pertcarchtys snd 175
preghancy and 266
prognosis of 22
praphylaws s 18
radsation treaunsnt of throar 21
rapyd heartin J4
vegronal facter 10 12
respreazory wivctons aad 2t
sabeylates 16
scarlet fever and 8 173
sclerzean 12
seasopal factors o 12 253
sedumentation 13te 1 15
skin rashsn 15
splentc enlargement and 175
streprococeus 2nd 7

vacone therapy i 16
subacute bactertal endocardstis and

173 178 179
sulforamudes 1a 19
sweats i 15 17
wnsls w 18
trearment of 36
typscal attack of 8
vasculas vulnerabality 1 10 11
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Rheumanc fever vomutmg spells in 11
weight n 20
heart disease gallop rhythm mn 138
rupture of heart valve and 145
thyrotoxic heart disease confused
with 155
myocardstus See Rheumatic carditis
pencardis 59-63
abdomunal pain 1n 60
sortic mnsufficiency confused with 59

chest pam m 60
cough 1n 60
diagnosts of 60
igitalis n 63
electrocardiogram in 62
Ewart s signm 61
fricuon rub . 60
heart block n 61
pneumomna confused with 61
progooss of 62
symptoms of 60
tachycardia with 60
tapping of pericardium m 63 69
treatment of 63
valvular disease and 62
valvular disease bronchial asthma and
245

systolic murmut and 257
Ruce diet 1n hypertension 142
1n treatment of congestve heart fail
ure 298
Rught aoruc arch 199
1n tetralogy of Fallot 195
axs deviation 351 Fag 17
bundle branch block catheterization and
364

cute cor

551

Salt restnction 1n treatment of congestive
heart faiture 298

Salyrgan for treatment of congestve heart
failure 306

Sarcosd heart block and 439

Scarlet fever rheumatc fever and 173

subacute bactenial endocardius and
173

Sclerae 1n rheumatic fever 12
Scleroderma heart 146
ACTH for 147
auncular fibnillation and 147
cardac enlargement 1 146
Compound E for 147
electrocardiogram 1n 147
gallop rhythm and 147
Jupus erythematosus disserninatus con
fused with 147
Seasonal factors in rheumatc fever 12 25
Second heart sound 516
Sedatives 1n treatment of congestive heart
failure 298
rate 10 coronary

112
1 rheumatc fever 15
Septal acivaton 327 Fig 4
Shock paroxysmal rapid heart action and
237

blocks 1n angina pectoris 100
m congestive failure 297

Short P R oterial pasotyamal tchycarcis
and 5

Shouldar arm syndrome
Shunting operations (Bland Sweet) for
pulmonary congestion 324
Sighing breathing 206 249 274
Sine aunculat block 434 Figs 106 107
of

and 493 Fig 166
ventncylas hypemophy 361-364 Fugs

compl:n: night bundie branch block
and 364

electrocardiogram and x 1ay m de
tection of 363
tncomplete might bundle branch
block and 375 Fig 3
P wave m 453
Roesler Dressler infarction 476 484
Roger's disease 193
Ruptured chordac tendincae 145
heart valves 145 17
Rytand s sign 41

SAccHARIN for velocity of blood flow de
termination 286
Salicylates in rheumatic fever 16
Salt restniction 1n congestive heart falure
308

n hypertension 142

1nu:
£ Figs 43 44
pauses aortic stenosis electrocardiogram
m 381 Fig 46
caroud simus sensitmity and 381 Fag
474

syncope and 380 Fig 45
tachycardia P wave i 452
vagas sumulation and Tog T4
Skin_dsscoloraton 10 tricuspid stenosis
57

rash in rheumatic fever 15
test n subacute bactenal endocarditis
179 182
1n thyrotowac heart disease 153
Smoking and angmna pectorss 82 101
Sodum cyamide for veloclry of blood flow
determunation 28
Solduer s heart Sce Funmmml keart disease
Southey tubes for treatment of congestive
heart falure 310
Splenic enlargement m subacute bactersal
endocarditis 176
theumatc fever and 175
mfarcts 10 coronary thrombosis 115
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Splinter hemorrhages 1n subacute bactenal
endocardits, 176

Inpex
Surgery for pan n syplulitic aotur aney
rysm 169

1 a fibal

cor
onary thrombosis confused with 119
Squatung 1a tetealogy of Fallor 194
Steering wheel acadents 240
Streptococcus, rheumatic fever and 7
sk test 1n subacute bactenal endocar
ditis 179 182
vaccme therapy m sheumatic fever 16
windans bactenal endocardius subacute
and 174 183
Steeptomycin for acute bactertal endacar
dits 172

1o subacute bactental endocarditis 183
m ubercudous pencardius 63

Stress  tests for coronary msufficency
489 Fig 1

Strophantiun 301

Strychnine ectopic ventricular beats and
425

Stunted growth 1 congeiuta) heart disease
189
St Vatus dance See Chorea

Subacute bacterral endocardiss See Bay
zersal endccardinis subacute

(espe
aally of lungs) and 220
tachycarcia and 392
10 patent ductus attenosus 197
for penpheral emboh 237
prognosts of cardiac state and, 263
nisk m cardiacs of 261-265
subacute bactertal endocarditis and 265
syphilitic aertitss and 21
1n tetralogy of Fallot 105
thyradectomy, compl te for cong suve
heart falure 321
unexpected deaths and 263
valvular disease and 264
valvulotomy 320
Surpcal abdomen auncular hbnifauon
confused with 261
coronary thrombosts confused wath
113, 117 262
procedures for congestive heart falure
320-3.4
shock coronary thrombosis and 108
Sweaung 1 cong stve heart falure, 281
m coronary thrombosts 1.
fever 15,17

stenosss, il

451
Subdural hematoma 232 234
Subrotat of

m Lhyromxxc heart disease 153
Sydenham s Chorea See Chorea
dorsal for angina pectons

thyratoxtc heart disease 158
Sudden death 94
1mn oMt stenosts 51

dorsolumbar, for hypertension, 322
for hypertension 141

block embol:

1 coronary artery 177
digtrals and 95

famslial cardiomegaly and, 148
heart black and 95

after intravenous medxuuom 122
zftcr papavere 122

262

Syncope abdonunal binder for 229
Adams Stokes disease and 230 445
1o aoruc stenosss 51 228
auricular standstill and 383

for 229

y auniaular y
215
quiideae sulfate gnd 95 316 317
n surgery 95
ventrrular fibnllation and, 95
rupture and, 93
Sulfonamdes for acute bacteral endocar
dws 172
1n bactenal endocarditis subacute 180
for draresis 308
1n rheumatic fever 19
Surgery anestheuc agent and 204
anga pectons aad 264
for arteniovenous fistula 322 323
coarctation of aorta and 191
congesuve heart falure and 264
coronary arteey disease apd 264
thromboss aad 126 265
decompression of chest 320
embolectomy, 262
hypertension and 264
for mesentenc embolism 262
nepbrius and 264

bemgn 229

caroud suwus seasuviey aad 231

ephedne sulfatc for, 220

epuepsy confused with 229

hemorrhage and 229

1m patovysmal anncular tachycardia 212
ramd heart acuon and 228 237

posture change and 228

pulmonary artertal disease and 239

sinus pauses and elecrrocardiogram

1 ventnicular fibnilfation 230
Syphilss anginz pectons and B2
hemiplegia and 232
hyperteasion and 134
ruptured heart valte and 145
treatment of, 168
Syphilstic sortic aneurysm 166
aphomamn 166
atelectasts of lung 166
bone ¢ros:on 10, 166
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Syphulibe aortic aneurysm  cellophane
wrapping of 169
coronary thromboss confused with
12

cough 1n 166
Jocalized pulsations in 166
pupils ;n 166
tracheal tug 10 166
wicing of 169

msufficency 167
auricular fibnllation and 167
Austn Flint murmur 1 167
Cheyne Stokes breathing 1n 168
congestive failure ;n 167
diagnosis of 167
duastolic murmur i 167
prognosis m 167
subacute bactenal endocarditis and

aortius angma and 165 167
aortc second sound m 163
calcificason of ascending aorta 166
congestve falure and 166
surgery and 264
thebesian vessels and 167
‘Wassermann reaction m 166
x raymn 165
heart disease 165~169
aneurysm of zorta 165
aortns 165
heart block and 438
paroxysmal dyspnea and 234
myocardius 168
diffuse form 168
gumma of myocardium 168
Systolic murmur anemia and 203 256
m angina pectons $0
1 aoruc msufficiency 46 47
stenosis 53 54 258
bemgn 202 203
1n benbers 146
calcified annulus fbrosus and 254
aortc valve and 259
classtfication of ntensity of 255
clinscal siguficance of zs*—zsn
1 coarctauon of aorta
congerutal heary disease and 257
defimuon of 254
emotonal state and 203
exeraise and 256 257
fever and 203 256 524 Fig 190
functional heart disease and 202
1 hypertension 139 203 256 260
hyperthyroidism and 203 256 258
n mutral msufficency 32
stenosss 42
Tervous excitement and 256
m normals 255
organc mutral msufficiency and 253
relative mitral imsufficiency and 253
m theumatic cardius acute 29
rheunatic valvular disease and 257

553
Systolic murmur tuptured heart valve and
146
subacute bacteral endocarditis and
8 259

tachycardia and 203 256

1n thyrotoxic heart disease 155

transmission of 259

1 tncuspid insufficiency

Velcclly of blood flow and 256
thnlls

‘TACHYCARDIA m rheumantc fever 14
systolic murmur and 256
thyrotoxic heart disease 2nd 156
Talc isullation n treatment of angina pec
tons 107
Tappxng of pencardum 63 64
o 10 subacute bacternal endocardiuis
1
‘Tetany ov:xbrcaduug as cause of 206
Tetralogy of Fallot 1
bram abscess in 194
arculation tme 1n 195
cyanosss w194
electrocardiogram 1 194 451
polycythemua 1n 194
right sortic arch 1 195

trcuspid atresta conﬁlscd it
X ray findings 1n 195
Theb:slan vessels m
ostial stenasis 167
Theobromznal for angina pectors
Theobromine sodrum saly :;03,,,,
ment of mngesuve hearr
Theophylline 3 Mm e
‘Theosodate (v.hcobtwmm:
for angind pectons 103
‘Thiomerin for treatmeny
Farlure 306 ofermenttis hean

Thoracemes:s £
310 OF CONgEMT eant faiture

syplnhuc cororary

9211 acerate)

‘Thoracoscopy 1n
201 Y 1B Congenital Beart dgipense

Thaill 1m sorti stenogg, 53
duastolic 1n mitra] gy, oo 4
systalic 10 tachyeardy, 35
1n thyrotoxic heary 4,

Thromtoptictes 1 st gt it

on

Thmmbos:s Of veing 1y
lar tachy cardsa apa° P 278l aunic
Thyroid eXtract g,
case 230 O AamiSukey di
hem thseas: S T g
torse hears 2~

402 Fig 79 5z flrer 2
Thyrodectomy 1y
complete for ""1’ prury 1Y,
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Thyrotowc heart disease 152-164
alertness iz 153
anesthesia 1n surgery for 160
angmna pectons and 80 162
appearance of patient 1 153
auricular fibnllation 1n 153 154 160
avitamunosis and 154
basal metabolism and 156
blood pressure 1n 156
capillary pulse and 156
case reports of 161-164
cathartics and 153
cholesterol in 156
chromc  myocarditts

with 143
arculation time 1 155
Comgan pulse and 156
diarrhea in 153
digitalis 1 159

effect on auncular fibrllaton

155

confused

Duroziez s sign and 156

exophthalmos 1 152

gray hair n 154

hyperactve heart sounds in 154

Lugol s solution 1 159

malignant thyroid lesion and 161

mmutral stenosss and 160 162

neurocirculatory asthenia confused
with 156

pistol shot m 156

postoperative care in treatment of
160

preaperative care 159

prognosis m 276

propylthiouracil 1n treatment of
158 159

protem bound 10dimne and 157

pulse pressure n 156

quiidine 1o treatment of 160

radioactive todine uptake m 157
158

retrosternal goiter 1n 162

theumauc heart disease confused
with 155

skinin 153

subtotal thyrotdectomy tn treatment
of 158

surgical mortality 1n treatment of
161

sweatng 1n 153
symptoms m 153
systolic murmur 1n 155
tachycardia and 156
thnll m 155
thyreid storms postoperatively 164
treatment of 158-164
weight loss in 153
< rayin 155 162
1 treatment of 163
Tonsils 1n rheumatc fever 18 19
Total permanent disability 242

InDEX

Tourniquets for treatment of congestive
heart falure 310
‘Toxermua of pregnancy 146
prognosis of 276
Tracheal tug 1n syphilitic aortic aneurysm
166
‘Transiional zone 350
of murmurs of

259
Trauma cardiac arthythmias and 241
neurocireulatory astherua and 241
ruptured mutrat valve and 240
Treatment of coronary thrombosis 121-
130 See also Coronars, thrombosis
of heart disease See Congestive heart fail
ure treatment of
Tricuspid atresra 195
nsuffictency 55
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