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INTRODUCTION

N PRESENTING this work the authors acknowledge the principal
I sources the thousands of cases and years of experience at the
DeCourcy Chinsic The work bengs to date our more recent concepts
of the thyrord gland and 1ts pathology as well as its surgical treatment
It 1s our atm to present this subject as a composite whole rather than
as many unrelated facts

The thyroid gland ss a small organ with large potentialsties It 1s
intimately connected with our bodily metabolism directly and through
metatolism to the other endocrine factors of the body Imbalance
of one very often leads to mmbalance of other glands

We are concerned with both the hypo and hyper functions of the
thyrord gland To consider 1t erther purely medically or purely sur
gically 15 not tenable We must consider both aspects of therapeusis
especially in view of the more recent developments i this field re
relationship of thiourea and thiouracil to the surgical approach

We feel that 1n attempting to cover a subject of many ramsfications
1t 15 well not to assume that all readers have a common denominator of
understanding and definstion We belteve a brref review of anatomical
and phystological principles to be m order and thus avord later con
fuston A consideration of this toptc 15 also not complete without re
lating the historical bachground — the development of the subject over
a period of time

The section on surgial ndications 15 followed by the surgcal ap
proach and the reader 1s given a complete view of its development
through the years particularly via the experiences and findings of the
DeCourcy Clinte These findings are the fruit of much mature thinking
and expertence It 15 therefore hoped that our experiences will be of
value and f this be so then the extensne labors expended 1n the
creation of this work are justified






PREFACE

THE great and n notable mnstances definitely revolutionary ad
vances that have been made within the past few years in the fields
of thyrord gland pithology and therapy would seem to justify the
evolvement of a new and comprehensn e treattse not only incorporating
the various phases of recent progress but also essaying a conservative
and sound evaluation of them The introduction of antithyrord drugs
constitutes 1n itself one of the major developments in the long and
compl cated history of the treatment of hyperthyroid conditions
Indeed some of the proneer workers with the newer chemotherapeutic
agents predicted that thy rordectomy for hyperthy rordism would become
unnecessary 1n most cases Of course this early enthusiasm has been
proved premature and the thyrotoxic patient remans primanly a surgt
cal problem Nevertheless the preoperatne management of such pa
tients has been modified and 1mproved greatly and most gratifyingly
new methods hate been generally adopted Radio rodine also has its
place 1n the clinic— but not as a cure for any thyroid condition of
even a satisfactory substitute for roentgen irradiation i the treatment
of thyrord cancer Radio 1odine would appear most useful 1n the loca
tion of alerrant thyroid tissue or metastases from cancerous glands
The setting forth of conservative conclusions — as justified by present
evidence — along these lines should be widely helpful Further there
1s much that 1s new and enlightening to the clinrcian who encounters
hypothyro dism tn its varted manifestations aberrant thyroid tissue
adenomatous glands ntrathoracic thyroids and above all inciprent or
frank carcinoma of the thyrosd Inshort thyrord pathology and surgery
have of late undergone marked changes which—taken all together
— signify practically a renascence of vital tmport to the clintcran
Such considerations have been repeatedly brought to the attentron of
the authots by colleagues including both physicians and surgeons who
have pornted out the need for 2 volume dealing with the newer knowl
edge of the thyrod gland with special reference to the requirements
of the clinician and surgeon
The first suggestion that such a book be written by us was made by
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x THE THYROID GLAND

Donald ] Lyle MD formetly of the DeCourcy Chinic and now Pro
fessor of Opthalmology at the Unsversity of Cincinnatt Medtcal School
His encouragement has meant much to us It 1s also a genuine pleasure
to achnow ledge our deep gratitude to William McKee Germamne M D,
Pathologist of the Good Samanitan Hospital for his guidance and ma
tertal assistance 1n the preparation of the chapter on Pathology

Carroll DeCourcy, MD brother of the sentor author has been
an inspiration not only 1n the winting of this book but also throughout
our entire surgical career

For thetr untiring efforts in our behalf we are indebted further to
Robert Mansfield M D whose hnowledge and advice were most help
ful 1 the work on Surgery Embryology and Anatomy to Dr Elbert
Ruth Associate Professor of Anatomy at the Untversity of Cincinnate
Medical School who reviewed the sections on Embryology and An
atomy to our associates of the DeCourcy Clinic Medical and Surgical
Departments who assisted in many ways to Miss Wanda Guffin for
her excellent secretarial work 1n which she was assisted by Mrs Julia
Russell and Bernice Teaney and to Mrs John Hellstrom whose draw
mgs were exceptionally well executed under the supervision of Mr
Joseph B Homan Associate Professor of Medical Art Unwverstty of
Cincinnat: Medtcal School Finally we express our appreciation to
Mr Charles C Thomas and his assoctates for thesr counsel and mant
fold ard

Cincinnats The Authors
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CHAPTER |

THE EVOLUTION OF OUR KNOWLEDGE
OF THE HEART AND TS DISEASES

INTRODUCTION

Human progress of the past 1s the foundation on which our present day hfe
s based Some knowledge of 1t 1s essential for a proper balance 1 our under
standing of any field of science or of art and for the development of plans
for the future 1n research and growth Medicine 15 no exception and the study
of cardiovascular disease and practice theremn make up one of the Jargest and
ncreasingly important fields m medicine This fact 1s responsible for the
ttroduction mto this book of a new first chapter concerning the evolution of
our knowledge of heart disease which had appeared 1n the last edition simply
as an Appendix i the form of a table

Not only 1s the history of medicine of importance culturally 1n the educa
tion of a physicran and a source of pleasure and interest through the ifetime
of anyone who has once fallen under 1ts spell but 1t has a practical value 1n
tevealing clearly the gaps 1n our knowledge and n presenting occastonal clues
or discovenes long forgotten and needig revival Men were not all cowards
before Agamemnon or all fools before the days of Virchow and Baliroth
said Oliver Wendell Holmes and Lowell wrote

Tis mans worst deed
To let the things that have been run to waste
And 1n the unmeaning Present smk the Past

In 1749 Senac mentioned the value of qune tn patients with rebelhous
Palpitation This was forgotten by succeeding medical writers at least by
those who influenced medical practice and more than a century and a half
elapsed before a Dutch patient of Professor Wenckebach rediscovered the
value of quinme 1 the treatment of cardiac arrhythmia soon to be suc-
ceeded by its more effective 1somer quinidine which we have used helpfully
ever since

In 1785 William Withening gave explicit directions for the correct dosage
of digitalis but with rare exceptions 1t wasnt until our own time that this
advice of is was properly followed Many more mstances of this sort could

1



2 HEART DISEASE

be presented to sllustrate this neglect of what has gone before and thus to
gwve an immediately practical reason for reading old books

Priority 15 often an 1dle boast and not too much should be made of it Un
fortunately names of medical wnters have often been attached to symptoms
signs or discases and although 1t 1s sometimes of ntcrest to refer to such
indviduals by name and date and to quote from their works onc must realtze
that often descriptions of these same symptoms swns and discases had already
appearcd in medical Literature 1n the wnitings of authors not adequately recog
nized by their contemporaries or quickly forgotten by therr successors only to
be rediscorvered One example of this 1s the congemtal syndrome called the
tetralogy of Fallot although Fallot m 1888 descrnibed 1t as a chncal entity
for the first ime clearly 1t had already been recognized by Peacoch 1n 1858
by Gintrac in 1824 by Farre 1n 1814 by Hunter 1n 1784 by Sandifort
1777 and by Stensen (Steno) 1n 1672 I dare say that if we would take the
trouble to peruse 1n detarl every medical writing before Bonetus we would
find still earher prionty Morgagm limself n 1761 described a case of the
morbus caerulens a gil who died at the age of 16 and post mortem showed
pulmanary stenosts an atrial septal defect and very large nght ventncle and
atnum So 1t goes 1n many mstances of medical progress sometimes inded
there have actually been momentary or even longer steps backward as well
as forward.

There 1s one other important constderation about prionty 1 olden days
particularly and that concerns the difficulty and delay of publication Often
new truths were presented by word of mouth by lecture or by demonstra
tion long before they were printed thus Harvey taught De Mot Cordis for
a good many years before his famous book appeared Withenng tested the
effect of digitalis for ten years before he wrote 2 book about 1t and Lancist
was dead eight years before his most noted work saw the light of day The
long discussion as to whether Servetus or Columbus discovered the circulation
of blood through the lungs has been inconsequential because neither one
claimed 1t or gave evidence 1n quoted wnitings that he initiated the 1dea They
both wrote as if 1t were at that ttme (in the 1550's) a well known fact as it
doubtless was Although 1t has 1n recent years been ascribed to Arabiin
observers of a much earlier date 1t actually 15 1n all probabiity lost 1
antiqmty and the ongmator of the idea may never be discovered Inctdentally
many of these discovertes come to pass very slowly one worker after another
adding a stone to the edifice as indeed happened 1n the case of the concept of
the circulation of the blood Wilham Harvey supplying the final keystone
to complete the arch

This chapter perforce can do no more than to give a bird s eye view and
2 broad outline of the development of our knowledge with notation of a few
specific instances of landmarks and mulestones along the way but 1t 1s my hope
that 1t will prove helpful mn setting the stage for what 1s to follow For details
of medical history one should consult the bibliographies at the end of this
chapter and of other chapters which deal with specific subjects the chrono



EVOLUTION OF OUR KNOWLEDGE OF THE HEART 3

logic outline following this chapter the historic quotations that appear mn
later chapters of the book and a historic chart prepared by the author first
1 1933 and revised 1n new editrons 1 1937 and 1944

The recogmition of heart disease as of clinical interest and smportance was
exceedingly slow In 1618 one hundred and eleven years after the pioneer
publ by B of the pathologic findings 1 111 postmortem ex
amumnations including several of cardiovascular mterest and ten years before
Harvey s De Mot Cordis there appeared a volume of 405 pages entitled
De Affectionibus Cordis (Libr Tres) and wntten by Albertit Ever <mce
Galen manuscnpts on the pulse (De Pulsibus) had been written and rewntten
by physicians and scribes along with similar treatises on the urine culmunat-
mg after many centuries 1n the poems of Gilles de Corbeil (Egidius Cor
baliensis) waitten 1n the thirteenth century and published as two of the earhest
prnted medical works before 1500 (incunabula) appeaning in 1484 and 1486
respectively General works on medicine written or prnted such as that
of Fernel of 1554 had similasly contained chapters on the pulse and unne as
the only references to the circulation normal or abnormal over many many
years and well 1nto the seventeenth century Here at last with its imposing
title Albertims book seemed to give promuse m 1618 of something more
but careful perusal shows 1t to be but a very wordy successor of so many
wrtings of centunies before quoting mn particular Anstotle Galen and
Asicenna Like Galen Albertim did to be sure recogmize the very fast pulse
the very slow pulse pulses of all shapes and sizes and arrhythmias such as
atnal fibrillation although that designation was not of course used Like
others he ascribed palpitation famntness and syncope to the heart and
recogmzed reflex effects on the hearts action and on the pulse of trouble
elsewhere 1 the body as 1n the stomach uterus lungs or bram but beyond
this there was nothing of importance or new based on clincal observation
Or even on the autopstes which had been accumulating duning the previous
century and which had shown that 1t had been possible for some pursons to
Survive for an uncertan length of time with chromc defects of heart or
Pencardum  Until autopstes at the start of the sixteenth century had shown
this to be so the belief had been umversally held that death must result if
anything at all serious happened to the heart Thus heart disease as we
know 1t today was not recognzed and Albertim doubtless representative of

;lls tme stated as late as 1618 that the heart could not support any grave
es1on

So far as I have been able to determine credit for the first pubhcation of
the mtroduction of clincal observations of the effects of cardiovascular dis
ease belongs to Lower who while demonstrating for the first time the possi-
bility of transfusion of blood from one ammal to another includimg man
(1665) was collecting data concerning the heart normal and abmormal
vhuch he got prnted by the Elzevir Press 1n 1669 under the title of Tractatus
de Corde This small but very important Iittle treatise contains among other
ems of interest the first description of cardiac tamponade and constriction
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by penicardial effuston and scarring respectively Soon after this Lower s fel
low countryman Mayow in 1674 published his Tractatus Quingue in which
the oxygenation of the blood in the lungs s clearly presented, Mayow s fifth
treatise was one of the very earliest on rachitis *

Mention should be made next of two other important medical wrters of
the last half of the h century who although not dealing spectfically
with heart disease contnbuted significantly to the subject Kercknng in Am
sterdam 1n 1670 wrote a treatise on pathology called Sprcileguim Anatomicum
1n which with apologies to his hers and coll he pointed out their
grave error n considening as evidence of heart discase the postmortem clots
found i the heart by this one brief statement he altered radically the current
nusconception about the heart wiping out doubtless fully one half of all
so-called heart disease The other wrter who did so much at that tume to
clucidate somewhat the stil very dark subject of heart disease was Bonetus
who 1n two editions of his Sepulchretum (1679 and 1700) presented among
more than two thousand other case reposts with climical notes and autepsy
findings several hundred whose symptoms and signs were to be ascnbed to
lesions of the heart and great vessels These cases he collected from all possible
sources they make an mnvaluable compilation which served as a basis for his

luding Morgagni one hundred years later (De Sedtbus et Causts
Morborum 1761) In this rich chinicopathologic collection there were many
firsts 1nvolving all parts of the body There were the earliest assoutations of
dyspnea with cardiac enlargement sudden death with calcareous aortic steno-
sis and collapse and early exitus with a high degree of coronary artery nar
rowing

Early m the eighteenth century two important books on the heart and
some of 1ts diseases were published in France and Italy respectively by leading
authonties of their day The first entitled Trané Nowveau du Coeur appeared
n 1715 prepared by Vieussens who in Iis youth thirty years before had
published a pioneer work on the nervous system called Neurographia An
excellent description of the mechantcal effect of severe mutral stenosis on the
lungs with resultant congestion and dyspnea appears 1n this work by Vieussens
The other writer was Lanctst physictan to Pope Clement XI to whom he
dedicated the volume entitled De Mot Cordts et Aneurysmatibus which was
published posthumously m 1728 Lancist described engorgement of the neck
veins associated with dilatation of the rght ventricle and discussed cardiac
enlargement at some length An dllustration of the very rich nerve supply of
the heart 15 mncluded n this volume and was bettered only years later when
1n 1772 Neubauer published a drawing of a beautiful dissection of the sym
pathetic innervation of the heart Lancist was an able and prolific wrter and

had eatler published several books on medicine and other subjects such as
fungi One of these medical books 1s unique 1n that 1t was entitled De Subt

« Since wrting thus 1 have within the last few months acquired a sull earler work by Bh{c;t
a fascinating booklet published 1n 1671 and entitled Tractatus Dio Quorum p m;g'!'
Respiratione Alte de Rachtde The first printing of this | ttle book appeared m 16
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taners Mortibus (On Sudden Death) (1707) 1t contamned autopsy reports of
mdividuals who had died suddenly and whose postmortem examinations had
been carried out at the express request of the Pope an mstance long forgotten
of the liberal enlightened and scientfic attitude of the Church

Now we come at last to what 1s often called the first textbook on heart

disease itself namely the Traife du Coeur by Senac published 1 Paris in 1749
It has much more of chimcal and practical importance than had been presented
by any earber publications Thus 1s particularly true of treatment of which
there was scarcely any before two hundred years ago Senac mentions the
value of bleeding and sedation 1n heart fatlure and of quimne i rebellious
palpitation a very early forerunner of the relatively recent application of
qumidine to the treatment of cardiac arthythmia Following Senac vanous
textbooks on heart disease have appeared in different languages most of them

however after a delay of a half century or more Included among them are
1 French those of Corvisart Napoleon s physician (1806) Huchard (1889)

Vaquez (1921) and Laubry the present leader of the French school (1930)

n German those of kreysig (1815) Traube (1856) Fraentzel (1889)

Romberg (1906) Edens (1931) and Hochrem (1941) in Enghsh those
of Hope (1832) Stokes (1854) Flnt (1859) Steell (1906) Mackenze
(1908 4th edition 1925) Hirschfelder (1910) Winte (1931 the present
edition the 4th 1951) and Levine (1936 4th editton 1951) 1 Italian those
of Testa (1810) and Luisada (1938) and 1n Spanish that of Cossio (1935

4th edition  1949)

More important as a rule than these textbooks however have been mono
graphs on mmportant new techmcs or on etiologic diagnostic or therapeutic
discoveries beginning with Auenbrugger s mtroduction of percussion 1 1761
in 2 httle book i Latm entitled Imentum Novum ex Percussione Thoracis
Humant but not well known until Corvisart s translation 1n 1808 Percussion
was further developed by Prorry (1828) and Shoda (1839) This was the
first of the technics which have been slowly but steadily introduced into the
Practice of medicine to improve the diagnosis of heart disease One of Cor
Visart s pupils was Laenne. whose introduction 1n 1819 of the stethoscope
for mediate auscultation of the heart and lungs was a very sigmificant advance
{De l Auscultation Medare) A century later Cabot and others began to try
by electrical methods to broadcast by scparate carphones or loud speaker to
8toups and classes the heart sounds and murmurs of an mdwvidual patient
and to record them on phonographic records while simultaneously Lewis
2nd others began to photograph on moving film by way of microphone and
2alvanometer the auscultatory findings with simultaneous electrocardiogram
(Phonocardmgraph)) These techmcs slowly evolved to therr present higher
degree of usefulness with the help of Emthoven and Geluk of Geckeler of
Mannbeimer and of Sprague and Rappaport

Oue hundred years ago (1846) Hutct duced the deter
of the vital capacity of the lungs Another imterval elapsed before the fourth

belpful techne 1n the study of the circulation came to pass this was the
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sphygmograph which first developed by Marey 1n 1860 gradually evolved
mto a practical instrument the ik polygraph 1n the hands of Machenzne
who printed many of his graphic records in his classic on The Pulse in 1902
and who with the help of Wenchebach called attention to the serious sig
nificance of pulsus alternans The next important techmc namely the sphyg
momanometer was slowly introduced by a group of workers (von Basch
1881 Potan 1889 and Riva Roccr 1891) another dicade or two passed
before blood pressure measurement became a routine chrical procedure
nearly two hundred years after the English parson Stephen Hales had ac
curately measured the artenal pressure of 2 mace m 1733

Roentgen late in 1895 announced the discovery of his x rays and the
following spung Willtams of Boston published an x ray picture of the heart
In ths field there has been a steady advance ever since with the introduction
of orthodiagraphy of the heart by Moritz i 1902 of teleroentgenography by
hohler 1n 1905 of roentgenhymography by Stumpff i 1931 (suggested by
Sabat 1a 1913) with further development recently (1945) by Chamberlzia
Henny and Boone by applicatton of photoelectric cell and galvanometnc
graphc d of diography by contrast mjections by Forssmann
1n 1931 Castellanos 1 1937 and by Robb and Steinberg 1n 1938 and of
roentgenciematography by Reynolds :n 1934

Another technic of the greatest value has been electrocardiography The
study of the electrical actvity of the heart introduced nearly a hundred years
ago by Kolliker and Muller (1855) was carried on laborniously 1n the physio
logic laboratonies for nearly fifty years before a practical nstrument (the
stnng galvanometer) was developed by Einthoven m 1903 to replace the
clumsy capillary electrometer which had been employed by Waller i 1887
to take the first human electrocardiogram Nearly another ten years passed
before chinrcal electrocardiography began under the stimulus of Kraus an
Nicolat in Berhn and of Lewss in London In the last twenty five years there
has been a considerable amplification of the use of the electrocardiograph 11
the diagnosis of heart muscle injury and especially by the application of unt
polar Jeads to the chest wall itself

Finally with regard to special diagnostic technics one should mentton
cardiac cathetenization which first introduced by Forssmann who exper!
mented on kimself 1n 1929 has now evolved through the help of Cournand
Dexter McMichael Lenegre and their colleagues 1nto a routine practical
method of intracardiac and pulmonary artery blood gas and blood pressure
measurements to ard 1n the more d of cong 1 and other
obscure cardiac defects

Leaving the history of the introduction of the diagnostic technics which
began with Auenbrugger s discovery of the value of percussion 1 1761 Jet
us proceed with other historic advances 1n our knowledge about heart disease
and first about symptoms In 1768 Heberden described angina pectorts and
gave 1t its name although he did not connect 1t with the heart he knew that
st was a dangerous symptom and that 1t was particularly Iikely to attack
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middle aged males 1ts connection with coronary artery disease was discovered
by Jenner about 1772 but not pubhished by m untl 1799 mn = letter to
Parry which appeared i the latter s book entitled Syncope Anginosa Over
one hundred years went by for some obscure reason before the common
coronary pl of acute thromt with myocardial infarction re

cened adequate recogmtion as a clhimeal entity by Hernick in 1912 and stil
another decade passed before Herrick s notable contribution became widely
known Finally we owe much to Anitschhow for his demonstration of athero

sclerosts 1n 1912 to Leary for his pamstaking delmeation of the Jesions of
coronary atherosclerosis (1935) and 1o Schlesinger and Blumgart for their
valuable exposition of the evolutton of the lfesaving coronary collateral
crculation (1937-1941)

Although dyspnea had been associated for the first trme with heart disease
by Bonetus tn 1679 having been considered a symptom solely of pulmonary
or pleural disease before that ume 1t was not untill Vieussens described the
mechamsm of dyspnea 1 mutral stenosts m 1715 and Hope that of breath
lessness 1 myocardial failure a century later (1832) that the pathogenesis
began to be understood Senac and Hope m ther noted textbooks n 1749
and 1832 called attentron to the fact that asthma may be a complication of a
failing heart with pulmonary vascular congestion Only i recent years as a
matter of fact has there been a renewed mterest n this relationship Sult
another type of disturbed breathing consisting of penodic appea and dyspnea
and assocrated with cardiovascular disease was descnbed by Cheyne m 1818
and Stokes 1 1854 *

Other symptoms than angina pectoris dyspnea and palpitation that can
be credited to the heart are few but there 1s one that has been well described
namely syncope due to heart block and attended by a very slow pulse this
goes by the three names of its chref observers Morgagni (1761) Adams
(1827) Stokes (1854) syndrome

Many signs have been named after physicians but frequently not by any
means after those who discovered them first or even descnibed them best
Thus there 1s frequently an erroneous to such a d
where prionty has been wrongly assigned Where possible not only for this
Teason but for others too especially that of preference for a descriptive term
Over a proper name 1t 1s more reasonable to drop the eponym and 1n the
future not to add such to medical literature Examples of both the reasons
noted above are water hammer mstead of Corrigan pulse and chromc con
stnctive pericarditis mstead of Pick s disease the water hammer pulse had
een well known and described long before Corrigan and Chevers had well
described chrome constrictive pencarditis fifty years before Pick There are
€xceptions however 1n which the descriptive term 1s so long and comphcated

My attention has been called by Dr Al
y Dr Arhie V Bock to the fact that Hippocrates prob:
:ﬁ:::: xedcheyne Stokes respiration 1n describ ng the case of a man who died of a f:v’;r ‘:‘K
" b‘y hdmous state This pat ent had unusual breath ng It was referred to as follows
pocrates L8 dbroughout as though he were recollecting to do it was rarc and large (Hip-
¢s Loeb Classical Library G ¥ Putnam New York 1923 Vol 1 p 187)
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or the eponym so firmly established that the observers name may wisely
be retuned

As to sbnormahties of pulse form and rhythm descriptions were gute
completely presented by Galen n the second century A D and by his followers
for the next 1 500 years but 1t took many ceatures before the explanation
for the abnormaliies was given The water hammer pulse was attnbuted te
free aortic regurgitation not only by Cormigan in 1832 but also by his prede
cessors and contemporaries The first to ascnibe the plateau or more 1m
portantly the anacrotic pulse to aortic stenoss 1s not clearly known as yet
The paradoxical pulse was described by Russmaul 1n 1873 and attnbuted
when marked quite rightly to perscardial disease Extrasystoles were known
to the ancients but the first reassurance about them was grven by Williams
1n 1835 and confirmed by Mackenzie 1 1902 In 1887 Bristowe described
paroxysmal tachycardia as a particular entity corroborated the next year by
Bouveret after whom 1t has sometimes been called  Auncular Ebnllauon
was 1dentified as a chimical condition independently by Rothberger and Win
terberg and by Lewis in 1909 while auncular flutter was accurately de
scribed and named by Rutchie mn 1911

After the mtroduction of auscultation by Laennec abnormalties of the
heart sounds and heart and blood vessel murmurs began to be described and
explamed C J B Willlams descnibed and explaned the mutral diastolic
murmuz 1n 1835 the aortic diastolic murmur and both zortic and mtral
systolic murmurs had been widely recognized before this in fict by Lacnne
himself In 1862 Austin Fimt described his famous murmur of relative mitral
stenosts without mutral cusp deformity In 1879 Roger reported the finding
of s loud (grade 4 to 5) systohc murmur with palpable thall just to the
left of the sternum mawmal in the third and fourth intercostal spaces 1
cases of congenital ventricular septal defect sometimes called Roger s disease
The continuous murmur of a patent ductus artertosus was described and ex
planed by Fagge in 1873 In 1881 Graham Steelt described the pulmonary
diastolic murmur of high pressure tn the pulmonary artery due to utral
stenosis as a rule and named for Steell Duroziez name 1s attached to the
to and fro murmur heard over a large artery duning pressure by a stethoscopé
1n cases of free aortic regurgitation (1861) Gallop rhythm and 1ts chmical
unportance were powted out by Potain m 1875

Signs of heart failure have been recognized for many years and 1t was
evident when the very first large collection of autopstes was made by Bonetus
m 1679 that cardiac enlargement both hypertrophy and didatation wese
important findings sometimes attended by dyspnea and mdicative of strait
although often umdentified as to type  Lancist descrsbed mn 1728 fullness
and pulsation of the neck veins assoctated with right atnal and ventnicular
dilatation but many years m fact nearly two centuries went by before Mac
kenne spread widely abroad this important sign of heart falure When medrate

1 came mto use a hundred years ago rales m the lengs

especially at the bases became d as an evid of pul y edema
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due frequently to heart farlure but this sign has often been musjudged since
so many other causes may be responsible Dropsy that 1s dependent edema
and lner enlargement were descnbed by Bonetus i 1679 and recogmzed
early as signs of heart disease and fatlure as well as being due to other diseases
Munro published a treatise on dropsy in 1755
Pencarditts was one of the very first cardiovascular abnormalities noted
and described as seen 1 Bentvemo s collection of autopsies 1n 1507 doubt-
less 1t was known to the ancients even though they did not recognize heart
disease as such Galen 1s said to have treated surgically an nfected wound
under the sternum which may have tved the penicard, Eff were
well known to the compilers of postmortem data 1n the sixteenth and seven
teenth centuries Lower descnbed cardiac tamponade 1 1669 and Riolan
(1653) followed later by Senac too advised percardial paracentesss which
was not done however so far as records go until 1819 (Romero n Bar-
celona) Chronic penicardial scarring was an early dicovery and the first
description of the special type called chrome constrictive pemcarditis was
apparently given by Lower 1 1669 but 1t was not presented as a cliucal
entity until 1842 when Chevers of Guy s Hospital 1n London described 1t
Wilks again referred to 1t n 1870 and finally 1n 1896 1t was called Pick s
disease after Pick who described d pencarditic pseudocirrhosis of
the lver  Vamous munor signs have been attached to pencardial disease
Broadbent (1895) and Ewart (1896)—sce Chapter 27 Surgery for chronic
fonstrictive pencarditis was proposed by Delorme m 1898 but not carred
out yntil 1913 (Sauerbruch) To date hundreds of cases have now been
relieved by surgery
The recognition of the types of heart disease has been of the greatest 1m
portance of all advances 1n the enure field of heart disease as ponted out by
Cabot s classical paper The Four Common Types of Heart Disease 1n the
Journal of the American Medical Association 1 1914 By the early 1920 s the
Present day fundamental classification of cardiac diagnoss based pnmanly
on etiology had been independently mtroduced and well established at the
Magsachusetts General Hospital 1n Boston and at the Bellevue Hospital m
ew York City The major importance of this step was indicated not only
by better d P and but especially by g at-
tention to the causes of heart disease the elucidation of which will doubtless
lead to effective preventive medicme so much more mmportant in the final
analysis than research interesting though it 1s n abnormal phystology and
mn therapy both medical and surgical
Congerutal heart disease described 1n scattered reports by earlier workers
Was first more adequately treated as such by Farre mn 1814 and by Gntrac
:: 1824 Peacock s book on the subject tn 1858 1s much better known Sice
en progressive advances have been made n the works of Rokitansky
51875) Abbott (190%) Laubry and Pezzt (1921) and Taussig (1947) In
938 the present era of spectacular cardiac surgery began with the first
Suceessful closure of a patent ductus arteriosus by Gross and Hubbard al-
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though Munro (1907) and others had supgested 1t and unsuccessful efforts
had already taken place Since then other drimatic advances 1n surgrcal therapy
have been made 1n congenital heart disease by Blalock and Taussig (1945)
and by Potts (1946} 1n the alleviation of the tetralogy of Fallot by Crafoord
(1945) and by Gross (1945) mndupendently mn the cure of coarctation of the
aorta and by Gross (1945) n breaking a ning of the great vessels around
trachea and esophagus All these advances, dramatic and wital as they are
pale however i comparison with the discovery by Gregg (1941) and Swan
(1943} of Australia that congemtal cardiovascular defects and cataracts are
Iikely to be found at birth 1n babies born of mothers who had German measles
(rubella) during the first two or three months of pregnancy

Rheumatsc heart disease as an entity was first suggested by Prtcairn (1788)
and Bailhe (1793) although valvular defects had been well described patho-
logically since the days of Bonetus (1679) and earlter Boullaud mn 1840
established on a firmer footing the association between rheumati fever and
heart disease Aschoff discovered his more or less specific leston i the
myocardivm m 1904 and n 1913 Poynton and Pame called attention to the
importance of the hemolytic streptococcus as an exciting factor confirmed
by Coburn mn 1931 and by others stce

Subacute bactental endocarditis was slowly separated from other heart
troubles toward the end of the mneteenth century (Osler 1885) 1ts causativé
agent the Streptococcus vinidans was discovered by Schottmuller m 1910
and the disease w1s much studied by Libman (1910 and later) but it re
mained well nigh totally fatal until Loewe showed 1n 1944 that the majonty
of the cases can be cured by pemcilin

Cardiovascular syphilts was prabably the first etiologic type recognized
Aortic aneurysms were attnbuted to syphilis by Pare about 1564 and aost
regurgitation with the cor bovinum was recognized as sometimes of syphilitic
ongin a hundred or more years ago Reuter recognized aortitts as a syphiitic
lesion 1n 1906 Intenstve antisyphihtic treatment for aortitts has been de
veloped effectively duning the present generation especially by Moore and his
assoctates at first with the heavy metals (1932) and recently with penwalltn
The most important advance however has been n preventne medicne
through the early i and specific t of the chanere atself of
by its prevention 1n the first place resulting in an impresstve drop now 1
progress 1n the development of aortic syphilis fifteen or twenty years after
the oniginal infection

Other mnfections bacterial and virus and parasitic mfestations of the peart
angd blood vessels 1nvolve relatnely few individuals nowadays mn contrast 10
their frequency often unrecogmized as such n days gone by before the con
trol of these diseases became so impresstve Diphtherra tuberculosis 11
fluenza and other virus diseases trich and tryp (Chagas
1909 1922) have all been recognized and described by many workers often
Jost 1n history but they are now of munor import One might add however
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that the first actual proof of the influenza heart did not come until 1945 (Fin
land et al ) 1n severe degree 1t ts uncommon
Thyroid disease as 1t mvolves the heart 1s now no longer a problem but
thurty years ago thyrotoxicosts was recogmzed as an important though not
common cause of heart disease It was attacked successfully by surgery (sub
tota] thyroidectomy) by Lahey and Hamulton in 1923 The mtroduction of
speedy surgical correction of thyrotowcosss itself and of medical measures
with todine throuraci! and irradiated rodine has practically wiped out the
thyrotoxic heart The heart 1n myxedema was first clearly descnibed n 1918
by Zondek 1t too 1s now very rare the disease itself having been brought
largely under control
The enlarged hypertensive heart was first described as an accompamment
of nephritis by Bright himself 1n 1836 In 1872 Gull and Sutton called atten
tion to the arteriolar fibrosis found with these enlarged hearts Both they and
Bright considered that there must be present in these cases some special factor
of strain although hypertension had not yet been discovered At the end of the
nneteenth century blood pressure measurements i man began and soon
afterward hypertension was 1dentified It was dered as an entity sep d
from Brght s disease and called hyperptesia by Allbutt in 1895 The hyper
tenstve heart had been serious when of high degree and not amenable to cura-
e therapy until the advent of dorsal sympath (Smuthwack
1940) which has arded a large number of cases demonstrating finally that
every single type of heart disease may be reversible (White 1944) The nce
and low sodium diets have also helped some cases but something better than
any of these measures 1s needed to control the hypertension vanous drugs
are now being hopefully investigated 1n this direction especially the punfied
Veratrum alkaloids 1n particular protoveratrine
The cor pulmonale (or pulmonary heart disease) has only very slowly
come up for recognition The chronic type has been known for several decades
(assocrated particularly with siicosis now under better control) but the
i;cgl.;tc cor pulmonale has only recently been desenbed (McGmn and White
4)
The final of the more common or important types of heart disease that due
1o coronary atherosclerosis has already been referred to above in the writings
of Heberden Jenner and Hernch It remams one of the chief problems of
world health today and has until the very present been much neglected 1n
Tesearch as to etiology and pathogenesis Interesting clues have been recently
uncovered however and the future looks brighter
Other causes of heart discase have been recogized for generations but only
lately has thetr incidence been more clearly analyzed Cardiac and pericardial
neoplasms have been noted on pathologic examination for centures although
at first there was great confusion 1n the diagnosis of the simple postmortem
clots which before hercknng (1670) were called polyp and thought to indi-
Cate disease In late years 1t has been possible even to make correct ante-
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mortem diagnoses of neoplasm 1avolving the heart and pericardium 1n a few
cases Traumatic lesions of the heart were also recogmized very early but even
tod1y in nonfatal cases they compnse onc of the most difficult though fortu
nately uncommon aspects of heart disease Nutritional diseases mnvolving the
heart have become well recognized during the past generation especially beri
ben the acceptance of which has come slowly through the work of many
different indrviduals  Somewhat sumlarly has been the elucidation of other
rare cardiac mvolvement such as 1s discussed 1n Chapter 23 of tiis book
meluding conditions hike sarcoidosis amyloid disease hemachromatoss and
lupus

Finally a few words may be added about other therapy than that men
tioned above concerning specific types of heart disease that 1s n particular
the treatment of myocardial and of coronary insufficiency and that of the
arrhythmias The two most important measures of treatment of myocardial
and coronary insufficiency concern two medicines which have an intesesting
history Digizalis was the Latin word coined by Fuchs from the German
Fingerhut when he introduced that plant (the foxglove) as an afterthought
1n hus appendix to his great herbal tn 1542 From that time on for nearly two
and one half centurtes digitalis was offically used when it was given at all as
an emetc but 1n a family recipe for the dropsy 1t held an effective though
obscure place, doubtless handed down for unnumbered years until William
Withermg of Bir h land m 1775 happencd to be enough snter
ested m both the practice of medicine and botany to discover through a
patient of his 1ts value n heart failure For ten years he tested 1t befose he
published his small but justly renowned monograph on the foxglove 1 1785
giving credit to Fuchs for its ongmnal mtroduction to medical botany More
than another century elapsed however before Withermg s explicit and correct
advice about dosage became current practice Dunng that century efforts
were made to punfy the crude drug and one hundred years ago Natnelle
(1847) 1 France made digitoxin (digitaline Natwvelle) which has very be
latedly become popularin the US A Many preparations of digitalis are now
available and effective meanwhile the dnied Jeaves themselves remain a cheap
and useful medicme too In recent years there has been a tendency to give
more of the drug both m distnbution and m quantity than needed 1 contrast
10 1ts neglect for well over a century after Withening

‘The second notable medicine 15 mtroglycenne (glyceryl tumtrate) mvaly
able 1n the treatment of periodic and frequently recurring coronary msufli
ciency 1n the form of angma pectons Preceded for a few years by amyl
ntrite (Brunton 1867) 1t was mtroduced by Murrell in 1879 to take the
place of the much less effe and less p 1 empl; of spintuous
hquor ongnally suggested by Heberden himself in 1768 There 15 today no
better measure The most important advance 1n 1ts use 1 recent years has
been 1ts employment prophylactically, making more comfortable and safer the
undertaking of certatn necessary or unavoidable strains

In the control of arrhythmias qumdine has already been mentioned It
introduced by Frey in 1918 to control atnal fibnilation four years after

was
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a patient of Wenckebach had rediscovered the helpfulness of quinine referred
to a century and a hlf earlier by Senac (1749) The other most important
therapy of arthythmta has been that of the effect of epnephnine parenterally
1n the control of Adams Stokes attacks (Hardoy and Houssay 1917 Phear
and Parkinson 1922)

Many other drugs have of course been used 1n the treatment of heart
disease from tune 1mmemonal but brief mention may be added here sumply
of tho Mercury was employed centuries ago not only m the therapy of
syphilts but also as a diwretic and Like bloodletting for almost any disease
in fact one poor girl with active rheumatic fever senously 1l at the Massa
chusetts General Hospital 1n 1846 was made muserable by the large doses of
mercurial and many other drugs the use of which was the custom of the day
However 1t was not until Saxl 1n Vienna 1 1920 accidentally discovered the
more favorable effect of mercury given parenterally rather than by mouth
that thus currently important diurefic has come mto 1ts own The other medi-
cine which may be mentioned as an alleviator of misery though not a cure
of heart disease 1s sahicylic acrd and its salts ongmnally obtatred from the
bark of the swamp willow near the site where rheumatism 1tself was supposed
to have been engendered The salicylates have been used for generations to
assuage the pains of acute rheumatic fever and as a matter of fact of other
diseases such as theumatoid arthntis for this purpose 1t has an essentially
specific effect though the my dial and end: dial festaty of rtheu
matic fever are not appreciably helped And now on the horizon there are
appeanng the ymportant ¢ ACTH and which give promise
of controlling these diseases which myolve the jomts heart valves and con-
Dective tissues

In closing this chapter a comment may be added about the istory of diet
s 1t apphes to heart disease In general apparently for centunes advice has
been given to mdividuals with card ac symptoms and signs to eat hghtly and
of stmple foods Mackenzie for example 1n his volume on Heart Disease
Published 1n 1908 advised small meals of whatever easily digested foods the
Dattent humself preferred The two mmportant advances that have come have
Yoth been rather recent first the addition of vitamums as necded especally
When there 15 malnutntion often resulung from chrome heart fatlure on
Wwhich occasion vitamin B complex and other vitamts (though not specifically
Vitamin E) have been helpfully added durng the last generation The much
more significant advance however has been the belated recogmtion of the
importance of a low sodium mtake 1n the presence or under the threat of
congestive heart failure with accumulation of flud m lungs liver extremties
or elsewhre in the body A proper application of the helpful effect of 2 low
sodium 1ntake 1n the diet has been one of the great advances duning the last

decade However the beginning of this dates back doubtless even before harell
n 1866 advised a very restncted mulk diet consisting of only 800 cc of
skimmed milk a day Almost certamnly the chief value of this diet lay n the
Testnicted sodium rather than 1n the restricted flud mntake In 1903 Widal and
Lemierre were the first clearly to show that 1t was the salt itself that was im-
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portant Allen in 1920 hnd used a low salt diet for hypertension and some
of his cases with congestive failure were particularly benefited It has how
ever been Barker in 1932 Schroeder in 1941 and Schemm i 1942 whe
presented convincing data of the effect of decreased ntake of sodum 1n con
gostive heart failure One other diet may be mentioned because of sts wide
spread use in the treatment of hypertension and that 1s the nce diet of kemp
ner (1944) This diet low in protemn and fat as well as mn sodium has helped
some patients with hypertension The mechamsm of its actton has not been
clanified It ts still under investigation

In this chapter I have attempted briefly to present the trends of advance
mn our knowledge of cardtovascular disease but we stll have more to learn
n our campaign to reduce the ncidence of heart disease by preventive meas
ures than we have already learned during ail the ages that have gone before

AN OUTLINE OF THE EVOLUTION OF OUR KRNOWLEDGE
OF THE HEART AND TS DISEASES!

(Important contemporary events are to be found at
the rsght side of the page 1n bold face type )

BC

Imhotep (Egypt) 2980 B¢ and successors Observation of the pulse
Hippocrates (Greece), 460 B ¢ Treatises containing description and prog

nostic of symp and signs, mcluding dyspnea and dropsy
Anstotle (Greece) 384 B c Pulsation of the chick embryo s heart
Erasistratus

Herophrlus } (Alexandna) 310 B¢ Anatomy of the human heart

AD

Celsus (Rome) earhest years of ficst century AD De Re Medicina nclud
g recommendation of venesection for severe dyspnea
Dioscondes (Greek working in Rome) De Medicinali Materia including
the druretic sqult 60 AD
*# Galen (Greek working 1t Rome) 131 Detailed study of the pulse

Hotel Dien Pans, 651

The Crasades

Medical School at Salerno 1000
St Bartholomew s Hospital, 1123
Bologna Unlversity 1156
Montpeher University 1130
Oxford University 1201

The Inquisiton thurteeath century
Magna Carta 1215

Cambridge University 1223
Sorbonne University 1257

Al Mansur Hospital at Care 1283

1A single asterisk snd cates mmportant entries and double astensks the more important
entries 1 the B toncal table
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Ibn Nafis (Egypt) Pulmonary circulation 1300

“The Renaissance fourteenth and fifteenth centuries
The Black Death 1348
Invention of Printing 1440

Leonardo da Viner (Italy), 1452 Drawings of the heart
Coustantinople captured by the Turks 1453

Martin Luther 1483-1546
Discavery of America 1492

Benedett (Italy)  Case of malposition of the heart 1493

HEART DISEASE NOT YET RECOGNIZED

1500

** Bemvemy (Italy) De Abdiis Nonnullts ac Mirandis Morborum et Sana
tionum Causts some of the earhest autopsy proof of the existence of
heart disease mncluding cases of end ditis and fibrinous p
1507

Berengario da Carpt (Italy) C y on the of Mond
(1516) with mention of a dilated heart 1521

Botallo (Itahan working 1n France} 1530 Description of the ductus arte
Tiosus (Botall)

Canano (Italy) Valves in vemns 1540

Mexice City Hospital 1524

** Vesalus (Belgian working m Italy) De Fabrica Humani Corponis 1543
with descaption of human heart Also antemortem recogmtion of aortic

R aneurysm 1555 confirmed at autopsy two years later
Servetus (Spaniard working 1n France and Italy) Mention of the pul

+ . monary 1 1 his rel tract R Ch 1553
Colomho (ltaly) Description of the pul ry 1 1 De Re Ana
tomtea 1559
. Femel} Aortic aneurysm ascnbed to [Med, 1554
F icina 155
*Pare [ (France) " s Surgery 1564
* Caesalpinp (Italy) Introd of term it with reference to

movement of blood 1n artenes and veins, 1559
Schenck (Germany) Observauonum Medicarum Rarum 1584 Impor-
tant compilation of case records based on symptoms

1600

Fabnino 4 Acquapendente (Italy) De Venarum Ostiols (¥ enous Vabyes)
1603 Creation of the anatomical theater at Padua
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Albertumi (Italv) De Aflectionibus Cordis 1618 The first extensne
treatise on the heart but with little important mformaten fargely a e
view of ancient and medieval theortes with long discussion of palpitation
and syncope
The Thirty Years Yvar, 1618-1638
Asclit (Italy) Discovery of lacteal vessels 1622

** Harvey (Englishman studying n Italy) Exercutatio Anatomica de Mot
Cordis et Sangiurus 1n Amumnaltbus 1628 Proof of the circulation of the

blood
The Commonwealth (Cromwell) in England 1649-1660
Pecquet (France) Descrip of the r fum chyli and thoracie
duct 1651

Bartholin (Denmark) Discovery of lymph vessels 1653
Malpight (Italv) De Pubmombus contaimng a note on the discovery of
capillaries 1661

Plague in London 1666
Great fire of Loudan 1666

** Lower (England) Tractatus de corde 1669 This includes the expen
mental proof that dropsy may result from venous obstruction
** Kerckning (Holland) Spicidegium 1670 R that
postmortem clots in the heart are not polyps or worms their faulty inter
pretation had caused confusion for centuries
*Mavow (England) Tracratus duo 1668 and Tractarus quingue 1674
Demonstration of the function of breathing to change venous blood to
arterial blood by interchange of gases the blood taking up the mtro-
aenal spint of the air in the lungs
* Stensen (Denmark) First descniption of the tetralogy of Fallot 1672
** Bonet (France) Sepulchretum 1679 St of cisc reports with
P many of cardiovascular disease such as
that of the Pansian tatlor who dropped dead 1n the street and showed
post mortem a calaified stenosed aorhic valve

Stege of Vienna 1683
Peter the Great (Russia) 1639-1725

1700

Cowper (England) Plate showing aortic stenosis 1705
Floyer (England) Physician s Pulse Watch 1707 Recommendation of the
recording of the pulse rate in bealth and disease
*+ Vieussens (France) Traite du caur 1715 Description of coronary €irc
Jation Thebesian vessels (Thebestus 1716) and a few abnormalities
of the heart mcluding mutral stenosts and dyspaea therefrom
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Alberri Hippolito (Italy) Cardiac palpation as an aid to diagnosis
1126

** Lancist (Ttaly) De Motu Cordis et Aneur bus 1728 D of
cardiac and aortic enlargement and description of engorgement of neck
veins with dilatation and failure of the nght ventricle Also De Sub:
tanets Mortibus 1707 The first treatise on sudden death with autopsy
findings n five cases

* Hales (England) Hemasancks 1733 Furst study of blood pressure

** Senac (France) Traite du coeur 1749 Important textbook on the heart
mcluding observations on congenttal defects and the use of quinine for
rebellious palpitation

Munro (England) Treause on dropsy 1755

** Morgagm (Italy) De Sedibus et Causis Morborum 1761 Extensive dis
cussion of pathology with many cardiovascular observations including
calctfication of the coronary arteries

** Auenbrugger (Austria) /i Novam 1761 Introduction of mediate
percussion 1 the study of heart size and of pencardial and pleural
effustons

** Heberden (England) Angwma pectons 1768
** Neubauer (Germany) Cardiac nerves 1772
Lavoisier (France) Respiratory gas exchange 1777
Sandifort (Holland) Early description of tetralogy of Fallot 1777

USA, 1783

** Withering (England) 4n Account of the Foxglove 1785 Introduction of
digitahis 1n the treatment of dropsy
* Parry (England) Thyrotoucoss and 1ts effect on the heart 1786
Pitcarrn (England) Rheumatism of the heart 1788

French Revolution 1789

Baillie (Scotland) Morbid Anatomy 1793 Description of endocarditis
** Yenner (England) The relationship of angina pectornis to coronary disease
Presented 1 a letter published by Parry m his Syncope Anginosa 1799

1800

Scarpa (Italy) Artenoscleross 1804 He also gave an excelient descrip~
R tion of the nerves of the heatt i his Jabule Nevrologice 1n 1794
Corvisart (France) Maladies du Caur 1806 Important textbook on the
heart He also restored Auenbrugger s percussion as an 1mportant
method of cxamination 1808
Burns (Scotland) Angina pectons due to myocardial 1schemia Textbook
on diseases of the heart 1809
. Wells (US A} Cardiac theumatism 1810
Testa (Italy) Malattie del cuore 1810
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Farre (England) Cardiac maiformations including the tetralogy of Fallot
1814
* Hodgson (England) Treatise on the Discases of Artertes and Vetns 1815
Kreysig (Germany) Textbook on heart diseases 1815
* Cheyne (Ireland) First good description of Cheyne Stokes breathing
1818
** Laennec (France) De | Auscultation Mediate 1819 Introductiton of the
stethoscope
Romero (Spain) Pericardial paracentests 1819
Gintrac (France) Maladte bleue (morbus caeruleus), 1824
* Adams (Ireland) Classic description of the Adams Stokes syndrome
1827
Hodgkin (England) Aortic insufficiency 1827
Andral (France) Pulmonary artertosclerosts 1829
* Hope (England) A Treatise on Diseases of the Heart and Great Vessels
1832 containing a descniption of left ventnicular failure with pulmonary
vascular congestion and cardiac asthma
* Corngan (Ireland) Aortic insufficiency, 1832 The Cornigan pulse
Lobstemn (France) Arteriogclerosis 1833
Willams C T B (Englind) The Pathology and Diagnosis of Diseases
of the Chest 3rd editon 1835 Description of the mutral diastolic mur
mur, among other murmurs
Bouillaud (France) New Researches on Acute Articular Rheumatism
(with its relattonship to acute and chrome endocarditis and pericarditis)
1836
** Bright (England) Association of heart disease with kidney disease 1836
Magnus (Germany) Resprratory function of the blood 1837
* Shoda (Austna) Treatise on percussion and auscultation 1839
* Purkinge (Bohemia) End branches of the atrioventricular bundle—the
Purkinge fibers 1839 He also described the visual toxic effects of digt
tals
* Chevers (England) Description of chronic constrictive pericarditis 1842
* Hall (England) Sudden death due to arrest of coronary circulatton 1842
* Weber Brothers (Germany) Vagal mhibition of the heart 1845
N lle (France) Introduction of digi (digttaline) 1845
* Hutchinson (England) Introduction of the determunation of the wital ca
pacity of the lungs 1846
* Ludwig (Germany) Introduction of the graphic method 1847

1850

Bernard (France) Vasomotor nerves 1851

Stannius (Germany) Heart block 1852

Kurkes (England) Peripheral embolism from valvular segetations 1852
* Stokes (Ireland) Textbook on heart disease 1854
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* KMker and Muller (Germany) Cardiac electncity 1855
* Vierordt (Germany) Sphygmography introduced 1855
Virchow (Germany) Thrombosis and embolism 1856
Peacock (England) Malformations of the Heart 1858
Foster (England) Rhythmucity of the heart 1859
Marey (France) Sphygmograph 1860
Duroziez (France)} Vascular murmurs of free aortic regurgitation 1861
Fiint (USA ) The murmur of relative mutral stenosis 1862
*R (France) V 1ction 1n the hands 1862
Karell (Russia) Restncted diet 1n heart fatlure 1866
* hussmaul (Germany) Penartentis nodosa 1866 Pulsus paradoxus 1873
Brunton (England) Amjyl mitrite introduced for angina pectonis 1867
*Fick (Germany) Blood flow studies 1870
* Da Costa (USA ) Irmtable heart of soldiers 1871
* Traube (Germany) Descniption of alternation of the pulse and of cardio-
renal disease 1872
** Gull and Sutfon (England) Artertocapillary fibrosis 1872
Welch F H (England) Differentiation of aortic syphths from aortic
atheroma 1875
Rokitansky (Austnia) Septal defects 1875
Southey (England) Tubes for anasarca 1877
Welkh W H (USA studymg in Germany) Acute pulmonary edema
1878
** Sanderson and Page (England) Study of heart actton by capillary elec
trometer 1878
Rosenbach (Germany) Cardiac reserve 1878
Roger (France) Murmur of interventricular septal defect 1879
* Murrell (England) Nitroglycerine introduced 1n treatment of angina pec-~
toris 1879
Winwarter (Germany) Endarteritis 1879
‘Bane (France) Traumatic lesions of the heart valves 1880
von Basch (Germany) I d of the sph; 1881
Gaskell (England) Heart bloch 1881
Steell (England) Murmur of functional pulmonary regurgttation 1881
Concato (Italy) Polyserositts 1881
Leyden (Germany) Coronary artery disease 1884
‘?sler (Canada USA and England) Bacterial endocarditts 1885
. Waller (England) Human electrocardiography 1887
Bristowe (England) Paroxysms of tachycardia 1887
, Fallot (France) C I heart d Fallot s tetralogy 1888
‘Bouwre! (France) Paroxysmal tachycardta 1889
]}\llvt Rocar (Ttaly) Devel of sph 1891
e
Hl: (éf:f:;;d)) } Atrioventricular bundle 1893

Bayhss and Starling (England) Electrocardrographic studies 1893
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* Emthoven and Geluk (Holland) Phonocardiography 1894
Allbutt (England) Hyperpiesia 1895
Broadbent (England) Penicarditis 1895
Ewart (England) Signs of pericardal effusion 1896
Porter (US A ') Coronary circulation 1896
* Mare (France) Myocardial infarction 1896
Fanma (Italy) and Rebn (Germany) Operations on the heart 1896
Pick (Germany) Chronie mediastnopencarditic pseudocirthosss of the
Inver 1896 Chronic constrictive pericarditis first described by Chevers
m 1842
* Walliams (U S A ) Roentgen ray study of the heart 1896 Roentwen mtro-
duced the new ray 1n 1895
* Delorme (France) Pericardtal resection suggested 1898
Gibson (Scotland) Textbook on heart disease 1898
Fredler (Germany) Interstital myocardiis 1899

1900

** Mackenzie (Scotsman working n England) The Study of the Pulse 1902
* Moritz (Germany) Orthodragraphy of the heart 1902
Brauer (Germany) Precordial rib resection 1902
Carrel (Frenchman workingin US A) Artenial suture 1902
Matas (US A) Aneurysmorrhaphy 1902
** Emnthoven (Holland) Introduction of the string galvanometer for electso-
cardiography 1903
* Wenchebach (Hollander working ta Germany and Austria) Archythmiz of
the heart 1903
* Widal and Lemerre (France) Low sodum intake for congestion 1903
** Ascholl {Germany) Myocardial lesions n rheumatic fever 1904
Pal (Austna) Vascular crises 1905
* Kohler (Germany) Teleroentgenography 1905
* Korothow (Russia) Auscultatory sphyg; 3 1905
Romberg (Germany) Tewtbook on heart disease 1906
Reuter {Germany) Demonstration of spirochaeta palldum i aorta 1
syphihitic aortitis 1906
Kesth and Flack (England) Discovery of the sioatnal node 1907
Tawara (Japanese warking m Germany) The atnioventricular node and
1ts connection with the bundle sts branches and the network of Purkine
fibers 1908
Buerger (US A ) Thromboangutis obitterans 1008
Abbott (Canada) Congemtal defects 1908
Trendelenburg (Germany) Pulmonary embolectomy 1908
Pachen (France) Qscilometry, 1909
* Rothberger and Vnterberg (Austna) Atnal fibrllation recogmzed ¢l nt
cally 1909
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*Lewis (Welshman working in England) Atnal fibnllation recognzed

clmieally 1ndependent observation 1909 Blood vessels of the skin
1927

Qch, 1

(Germany) Id of the P wndans as
the cause of subacute bactertal endocarditis 1910
* Lian (France) Left and nght sided heart failure 1910
Hirschfelder (US A ) Textbook on heart disease 1910
Libman (US A ) Subacute bacteral endocarditis 1910
* Ritctue (Scotland) Atnal flutter 1911
**Hernch (USA ) Clnucal recogmtion of coronary thrombosis 1912
A hk (Russta} Ath sis 1912
Krogh and Lindhard (Denmark) Blood flow 1912
Sauerbruch (Germany) Pencardial resectron 1913
** Cabot (US A ) Etuology of heart disease 1914

World War I, 19141918

Cohn (US A ) Digttalss effect on T wave of the electrocardiogram 1915

Eggleston (US A ) Digitalis dosage 1915

J; (R ) Sympatt y for angina pectons 1916
* Oppenhener, et a1 (USA ) Neurocirculatory asthema 1918
*Smth (USA) Coronary electrocardiogram 1918

Levine and Tranter (U S A) Myocardial mfarction 1918
* Frey (Germany) duction of quimd n the

fibnllation 1918

Zondek (Germany) The heart m myxedema 1918

Chnstan (US A ) Digitalts m normal shythm 1919

Pratt (USA ) Diguabs strength 1919

Wyckoff (USA ) CI of cardiac d 1919

of atnal

Specialization

* Pardee (US A ) Coronary T waves of the electrocardiogram 1920
** Saxl (Austnia) Mercunal duuretic injections 1920

Rehn (Germany) Pertcardial resection 1920
Reid (US A ) Effect of arteriovenous fistula on heart 1920
Gross (Canada) Coronary artery mjections 1921
Vaquez (France) Textbook on heart disease 1921

* White and Myers (US A ) Classift of cardtac diag; 1921
Krogh (Denmark) Capillary physiology 1922
Key (Sweden) Embolectomy 1922
Chagas (Brazl) Cardiac trypanosomuasis 1922 (1909)
Scott (US A ) Quimdme for ventricular paroxysmal tachycardia 1922
Plummer (USA ) Iodme 1n the mitial treatment of thyrotoxicosis 1923
chng (Germany) Carotid sinus reflex 1923

A Heart A 1924
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* lamilton and Lahey (USA ) Cure of thyrocardiacs by subtotal thy
roidectomy (the first clear dumonstration of the reversibility of heart

divease) 1924
Schmieden (Germany) Pericardial resection 1924
Cutler (USA ') Valvulotomy 1924
Purhinson (England) Epinephrinc 1 Adams Stokes attacks 1924
Rowntree and Adson (US A ) Bilateral lumbar sympathectomy for hyper
tension 1925
Mandl (Austria) Paravertebral nerve myection for angina pectons 1925
Cannon (US A ) Accessory cardiac nerves Duscovery of sympathin from
the thoracic sympathetic chain 1926
Blumgart and Wetss (USA ) Velocity of blood flow 1927
Wenchebach and Aalsmeer (Holland) Benben heart 1928
* heefer and Resnich (US A ) Angina pectons 1928
Keith etal (USA ) Malignant hypertension 1928
Weber (Czechoslovakia) Electrocardiogram in familial periodic paralysis
associated with potasstum lack, 1928
Erdheim (Austnia) Medionecrosis aortae idiopathica 1929
von Gierhe (Germany) Glycogemc visceral enlargement 1929
* Forssmann (Germany) Cardiac catheterization 1929 angiocardiographs
1
Edi:g (Germany) Textbook on heart disease 1929
Churchill (US A ) Penicardial resection 1929
Laubry (France) Textbook on heart disease 1930
* Wison (USA ) Bundle branch block 1930 Direct and chest leads i
electrocardiography 1930-1936
Grant (Scotsman working n England) Arteniovenous anastomoses 1930
Coburn (USA ) Hemolytic st and rh, fever

1931
* Wood and Wolferth (USA ) Precordial leads in coronary occlusion

1932

Manca (Italy) Virus myocarditis (mumps) 1932

Blumgart Levine and Berhn (USA ') Total thyrordectomy for angina
pectoris and heart faillure 1933

Goldblatt (US A ) Hypertension produced by renal 1schemia 1934

Shennan (England) Dissecting aortic aneurysms 1934

Leary (USA ) Coronary atherosclerosis 1935

Beck (USA) Perrcardial implantation of pectoral muscle to brng
new blood vessels to the heart seriously affected by coronary disease

1935
* McGunn and White (US A ) Acute cor pulmonale 1935
* Castell {Cuba) A phy in disease 1937 Robb and Stern

verg (USA) 1938
*#* Schlestnger and Blumgart (USA ) Coronary occlustons and collateral

crrculation 1937-1941
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Winkler Hoff and Smuth (USA ) El d
potsoning (including uremia) 1938 1941 Chamberlain et al 1939
Reith etal 1942
Taussig (USA ) Tncuspid atresia 1938
* Gross and Hubbard (US A )} Successful ligation of patent ductus ar
teriosus 1939
*Smuthwick (US A ) Radical splanchnic resection for hypertension 1940
(Development of Peet s operation 1935 )
Mannhemmer (Switzerland) Calibrated phonocardiography 1939

World War IT 1939-1945
Link etal (USA) Dicumarol as anticoagulant 1940
Hahn (US A ) Blood volume determmed by radioactive yron 1940
* Gregg Swan (Australia) Congenital defects due to rubella i pregnancy
1941-1943
Hubbard (US A ) Excessive tachycardia mn young mfants as a cause of
marked cardiac enlargement 1941
Rappaport and Sprague (US A ) Phonocardiography 1941-1942
Cournand Ruchards et al (USA ) Cardiac catheterization and deter

mination of right heart blood pressure 1941 1944 McMichael (Eng
land) 1944

Kempner (US A ) Rice diet for hypertension 1944
Aub etal (USA ) Bactenal toxic factor n shock 1944
Elkin (USA ) Arteniovenous fistulae and their surgical correction 1944
Chavez (Mexico) National Institute of Cardiology Mexico 1944
*Loewe (USA ) Cure of sut bactenal end by 7
1944
*White (US A ) Reverstbility of heart disease 1944
Henny Boone and Chamberlam (US A ) Electrokymography 1945
Filand etal (USA ) Influenzal virus myocarditis 1945
Blakemore Lord and Whipple (US A ) Portal hypertension and porta
venal shunts for relief thereof 1945

* Blalock and Tausstg (USA) Operation for tetralogy of Fallot 1945
(Potts 1946)
Crafoord (Sweden) Operation for coarctation of aorta 1945
Gross (US A ) Operation for coarctation of aorta 1945 surgical relicf
for tracheal obstruction from a vascular ring 1945
I};Zr:;%re({(]};x?c)e) Intracardiac electrocardiograms 1946

Dexter (USA ) Determimation of pulmonary blood pressure 1946
Taussig (USA ) Congemital heart disease 1947

National Heart Institute U.S P H.S., 1948

Blumgart et al (USA) Radioactive 10dine therapy of refractory cor
©onary and myocardial msufficiency 1948
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Bland and Swect (US A ) Venous shunt for auteal stenosts, 1948
Brock (England} Surgery for pulmonary stenosis 1948
Murray (Canada) Reparr of ventneular and atnial sepial defects 1948
hrayer (US A) Protoveratrine in hypertenston 1949
Hench etal (USA ) ACTH in rheumatism 1949

Bailey
Harken % U S A Operations on mtral valve for stenosts thereof 19491950
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CARDIOVASCULAR EXAMINATION
SYMPTOMS and SIGNS







CHAPTER 2

THE RANGE OF THE NORMAL HEART

Six years have elapsed since this chapter was written as a useful introduction
to this volume few changes m 1t have been necessary since in this interval
of time hittle has been added to our knowledge of the range of the normal
heart despite the preat mterest and importance of the subject occasioned
by the examnation of many hundreds of thousands of healthy young men
for military service

It 15 requisite that every intelligent Patient should try his Pulse m a Mornng
m his Health that he may inform his Physictan what number of Pulses he has
1 a perfect Health by which a Physic1an may judge of his natural Constitution
and the Physician may know how far the diseas d Pulse receeds from the natural
Numbers and whether the Numbers of the Pulse are increasd or be deficient
by which he may discern whether tis 2 hot of a cold disease  so wrote Sir John
Floyer m 1707 1 the Pulse Watch

The words I have just quoted make up one of the rare examples 1 medical
Itterature old or new not only of the recogmition of the wide range of bodily
measurements and functions of humankind 1n health but what 15 still more
Mmportant also of a relatively simple and accurate method of determining
changes denoting abnormality 1n any given mdividual thus avording the many
clumsy and 1naccurate measures that have been devised for general use

The range of the normal heart remains today 1n cardiovascular phystology
Oue of the most difficult problems accurately to assess and 1 the dagnosis
of cardiovascular disease one of the most mportant and yet neglected sub
Jeets It 1s astomshung to find relatively so httle wntten about 1t 1n works on
medicine by either ancient or modern authors As a matter of fact the
ancients actually paid more attention to the problem than have the moderns
fargely wathout doubt because they had to do so since they didn t even recog
ze the existence of heart disease Galen Avicenna and other authortes
of the classical and medieval ages tried for example 1n thetr analysis of the
Pulse which 1s as far as they got mn cardiology to explain all variations on
the basis of age sex temperaments (hot cold mowst and dry) seasons of
the year chmate locality food and drink sleep and waking athletic exercise

27
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pregnancy pam disease elsewhere m the body and emotional states (anger
delight, joy grief and fear) Under the circumstances they did an extraor
dinanly good job in showing how all of these conditions may affect the
pulse many of us today might profitably take a leaf from their book

In the sixteenth century the pendulum began to swing back a httle when
autopstes revealed through the findings of chromic heart lesions the fact that
the heart could be diseased and yet hife continue Gradually as more and more
evidence of the frequency and multiphcity of heart disease was discovered
the 1mpetus of the backswing of the pendulum accelerated through the cen
turies until 3t reached 1ts maximum (we hope) early in the nineteenth century
with such authonities as Corvisart Napoleon s physician He asserted that heart
disease was with the single ption of pul, y tubercul one hundred
times the most common of all organic diseases in France both i publu and
m private practice He thought the majonity of cases of asthma hydrothorax
and vartous other conditions were the result of heart disease and that cardiac
fatalities were very likely more numerous than deaths due to lesions of bramn
stomach ltver kidneys and other organs combmed He even scorned the
1dea of the need of statistical proof for these remarks He attributed the fre
quency of heart disease to the hard or rather constant work of the heart and
to the passions of mankind

Just thirty years later however mn 1836 John C Williams of Edmburgh
wrote a book on  Practical Observations on Nervous and Sympathetic Palpt
tation of the Heart Particularly as Distinguished from Palptation the Result
of Orgamic Disetse (Figure 1) He deplored the frequency with which
functional derangement of the heart was attnibuted to heart disease itself and
brought the pendulum a wee bit back from the extreme swing the reverse
of Galens for which Corvisart and others of that day and since were ¢
sponsible He wrote that palpiation was

frequently by a careless observer regarded as symptomatic of some sertous
organic or structural change bemng established erther in the coverings of the
heart 1ts muscular texture or m some of its valvular appurtenances A careful
and deliberate mquiry however he went on to say ‘will in the generaltty of
cases enable us to stnp them of thetr apparent obscunty and danger and reduce
them to therr true place mn nosological arrangement Latterly there has been
too great a rage for tracing diseases almost 1 y to vascular t

1 deprecate this because I am d of the fli of the nervous
system both 1 health and i disease A descrvedly popular wrter on medicme
of the present day says The longer we hive the more we see and the deepef
we study so much the more shall we become convinced that not only are the
pnimary 1mpresstons of morbific causes sustatned by the sentient system of the
human fabric but 1t 1s here the prumary morbid movements first begin and are
thence propagated to the vascular apparatus which from that moment re acts
upon and 1s agan influenced by the nervous system No man I am satisfied

can ever be a sound P ! ora who devotes his
attention to one of these systems In preference or to the excluston of the other

through life they are perpetually acting and inscparably linhed together
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30 HEART DISEASE
Williams also quoted  the late emunent Dr Bailhe as follows

“There are m truth few phenomena which puzzle perplex and lead mto error
the mexperienced (and sometimes the expensenced) practitioner so much as 11
ordnate action of the heart He sees or th nks he sees some ternble cause for
this tumult 1n the central organ ot the circulation and frames his portentous

and dingly In the pride of his penetration he fenders
muserable for the ime the friends~and by his d reful countenance damps the
spints of hus pattent But ultmate fecovery not seldom disappoints Tus fears and
the Physician 1s mortified at his own success

Finally Williams presented several case reports the most striking of which
was that described by Morgagm: of a boarding mustress who had palpitation
She was bled with some appearance of relief The palpitation retutned and so
she was bled again dady until she died Nothing abnormal was found at
autopsy in thorax or abdomen and Morgagmt wrote

It would have been well had her physician remembered that the rvery name
of Palpitano Cardiaca imples a course of proceeding quite the reverse

Like the rest of the body the heart varies 1n size and shape and action from
one person to another somewhat according to sex and age and body size
Even when we take 1nto careful consideration these three factors however
the range of the normal heart 1s too wide for us to know whether or not there
has been some shght enlargement from stran or infection or otherwise 07
some shght change 1n shape or a change in action 1 almost any gisen cas¢
Ths 1s true even of postmortem measurements of we ght and volume and
shape and all the more so of clnical findings by physical examination or by
x ray electrocardiographic and physiologic measurements of the circulatton
(Figure 2) I do not meaa that this difficulty should prevent us from con
structing and utilizing tables bised on our present knowledge but we should
clearly recogmze their madequacy and seek better correlattve factors than we
have at our disposition to date Body build, aside from size largely a family
inherttance 15 unquestionably of great mportance and yet we have fargely
neglected 1t Other bodily measurements besides height and weght and surface
area need evaluattion We have found for example that the hearts of sdentical
twins resemble each other closely on phystcal examnation and by x ray study
and electrocardiography although st 1s still possible to distingush by minof
details the electrocardiogram of one twin from that of the other

Moreover 1n a given person one must use great judgment 1 companng
the findings from day to day or hour to hour based on chnrcal examumnation
The height of the diaphragm 15 of the greatest importance especially 1n e
analysts of x ray films and electrocardiograms (Figures 3, 4 and 5) ‘:
changes constantly not only with ordinary breathing but with the amOU}:’
of foad or air m the stomach the bulk of the contents, soltd or gaseous of the

1 the enl; g uterus 1n y the addition of fat whih 3 50
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FIG

A comparison of the appearance of the heart shadows in roentgenograms
of two individuals without heart discase who died noncardiac deaths and who showed
al autopsy heart weights of 200 grams each without any evidence of cardiovascular
2bnormalities



Fi6 3 Roentgenograms of the thoraces of normal young men showing the effects
on the heart shadows of alteration of the level of the diaphragm in respation
(A) Short stocky physician (1) during quiet breathmg in upright po ition (2) at
hetght of full mspiration 1n upright position (B) Slender young physician (1) during
qutet breathing 1n upright position (2) at height of full exprratton m upright position
Note the similanty of A1 and B2 and of 42 and BI

(C) BW male age 27 (1) Normal control deep insprration immediate exposure
TD 146 cm hewght of diaphragm 13 I cm (2) Effect of Valsalvas expeniment deep
imspiration followed by forced expiration against 40 mm Hg for § second TD f..
cm height of diaphragm 124 cm TD = transverse diameter of heart
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often deposited n the abdomen or 1n 1ts wall certan wntra abdominal diseases

particularly resulting mn enlargernent of liver or spleen ovanan cyst or ascites

diaphragmatic hermation and finally with certamn intrathoracic diseases

especially those that cause an extreme pulmonary emphysema with deep

lowering and hitle motion of the diaphragm It 1s often not realized that the

prolonged fixation of the diaphragm at the level of full held mnspiration (stmu

lating the Valsalva expeniment) results in an appreciable decrease 1n the size

of the x ray heart shadow (Figure 3C) tius can result in erroneous estima

Inspiratton
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Expiration
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lectrocardiograms (Leads 1 and 3) from two normal individuals

owing the effect of deep expiration and inspiration on the deviatios
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the ¢

(B) sh
Tectrical

1 axis



34 HEART DISEASE
tion of heart size «f roentgen studies of the lungs are used for cardiac appraisal
(see Chapter 7)

Besides the herght of the diaphragm the position of the body itself makes
a difference (Figure 6) One should always stipulate therefore whether an
examimnation physical x ray or electrocardiographic 1s made 1 the upright
position or recumbent In our own cardiograpinc laboratory years ago

Lead

1 -t
f

E

iy

me)
-

A B
#16 5 Electrocardiographie changes (4 leads) with respiration 10 normal healthy
man of stocky burld (A) At height of full insprration (B) At herght of full exprration
Lead 4 was taken with explorning electrode over the fifth intercostal space at the lef
midelavicular fine and the remote electrode on the left leg (Graybiel and Whie
Electrocardiography wn Practice W B Saunders Company Philadelphia 1941 Figures
16 and 17 )

didnt record the postion although the tracings were almost aiwavs made
with the patent siting comfortably In the last ten years however since %&
found what z difference position may (though 1t usually does not) make we
have recorded by a simple straight fine the anyle of the patients body Pt
tions of draph and of body not only the anatomic and electnc
angle of the heart n the froatal plane but result in a rotation which 1s also
ymportant 1 1ts effects though not so easy to measure

The immedtate state of health 15 another vita} factor frequently influencing
the heart findings on examunation A heart perfectly normat to start wath
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and even later on showing normal myocardium endocardium valves and
penicardium at autopsy may dilate acutely or subacutely from the effect of
severe hypochromic anerma massive pulmonary embolism (to produce the
acute cor P ) and p 1 tach dia at rates as for
example in the case of infants where the heart rate mav reach 300 or more
ammnute and result not only in general cardiac didatation but also mn con
gestve failure wath engorgement of the liver Some of these infants have
been erroneously diagnosed as having the lled 14 hic hyp phy
1

of the heart and some have been wrongly regarded as abd Y

g
s T Ty f,z::" N2
Sy W s
4, N e L
b W
.
0 B

m':'fmG Roentgenograms of the thorax of a healthy young man (above) and elec
buig gprrams (lmb leads) of another healthy young man (helow) both slender in
b showing the effect of change m body (and heart) postion—~(A and @) siting
Prigkt (B and b) lyng supine
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cases for example pyloric stenosis because of the vomiting caused by the
acute congestive fallure Severe nfectious discases may also alter the pre-
sumably normal cardiac findings on examunation without producing actual
heart discase Acute rheumatic infection can of course previpitate acute of
subacute cardiac dilatation and faslure from the rheumatic myocardial dis-
case, and diphtherta may senously affect the myocardium but leaving these
two specific mfectrons out there are still other infections like pneumona
which may cause temporary systolic murmurs and even electrocardiographc
changes especially 1n raprdly growing or delicate individuals Whether these
murmurs are to be ascribed always to shight dilatanon or how much the
speeding up of blood flow has to do with them we dont know It 1s clar
however that thyrotoxicosis wathout producing actual heart disease 1 the
acute cases can alter the findings on examination of the heart not only 11
producing a tachycardia and increased pulse pressure but by the tncreased
pulmonary blood flow causing marked accentuation of a physiologic pul
monary systolic murmur and a bulging of the pulmonary arc 1n the T 1)
picture simulating a mutral shape of heart shadow

How much the factor of physical strain 1s responsible for changes m heat
size and shape 11 man we dan ¢ kntow Once upon a time the medrcal profes
sion as well as the Ity talked glibly of the athletic heart When most  athletic
hearts were shown to be something else the term went mto the discand
and now we doctors say almost as ghbly that there 1s no such thing as a8
athletic heart However a reviston of the past and present opiions 15 still
awaited on the basis of most careful studies not yet adequately assembled
There 1s a hint from several sources including an annual appraal of Harvard
oarsmen which was for some years conducted by vanous tes of mune
that an occastonal or more likely a rare person may after some years of
excesstvely strenuous sport develop an increase i heart size out of heeping
with any ncrease 1 body size This sort of change 15 reasonable to expect
1n view of expenimental evidence 1n anmmals where 1t has been shown that
long-continued physical exercise produces hearts that are distinctly larger
than those of anymals hept very quiet and m view of the well known fact
that hares have relatively very much larger hearts than have rabbits racinf
greyhounds than other dogs and race horses than ordinary mounts Exercise
can of course produce transient systolic murmurs mostly 1n the pulmoni¢
area or increase those already present even m normal persons Another pomt
of nterest 15 that a trained athlete tends to have a slow pulse or one that
slows quickly after exercise although I can well t the pube
rate of the winner of a marathon race a few years ago and finding 1t faster
(118) at the starting line before he had taken 2 step than at the fimsh 10)
after runming 26 miles 1n his case nervous tension as to the outcome of the race
was doubtless responsible acting Iihe stage fnight. 1 would hasten to add
however that there ts no evidence that vigorous exercise in the case of 2
healthy person in good training hurts the heart If anything the reverse 13 ":c
as pomnted out by Morgan 1n a volume entitled Unnersity Oars published by
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Macmillan 1n London 1n 1873 1 this book data are presented which indicate
that the Cambridge and Oxford oarsmen of a hundred years or more ago
outhved thesr expectation It may well be that the change to a very sedentary
Ife 15 more harmful than a mamtenance of exercise

The effect of lgh altitude on the heart and circulation 15 m rare mdividuals
animportant consideration Not many persons have exposed themselves to
altitudes of 12 000 feet or more as p d or even temporanly
but now of course with the circulatory adjustments mn aviators especally n
military service the problem has become acute Circulatory collapse probably
antedates serious cardiac mvolvement 1tself 1n mountain chimbers and 1n avia
tors i the latter either from the effect of low oxygen tenston 1n the atmosphere
or from the centnfugal force of great speed and change 1 direction or from
stll other factors Residents at very high alttudes do however show circula
tory adjustments that have been well described and resemble somewhat those
m the cyanotic type of congemital heart disease at sea level Tandler has
Pownted out incidentally that the bird Lagopus hving mn the Alps has a heart
weight 50 per cent greater than that of the Lagopus of the same size lving
at lower altitudes

The factor of the effect of rapid growth on cardiac findings has not yet been
completely assessed It 1s the impression of many of us that a fast growing
boy or girl or mdeed a delicate child of any age 1s very prone to show an
Instability of circulation and heart action and easily induced heart murmurs
from fatigue overexertion or muld mfection that do not signify the presence
of heart disease or active rheumatism which we are so prone to suspect 1 our
chmate 1n New England and nghtly so of course 1n many cases We need
more enhghtenment m this problem

I have already referred to pregnancy as a factor which alters the height
of the draphragm and so affects both x ray picture of the heart and electro-
cardiogram but 1t has other results too Through the mfluence of the m-
¢reased blood volume and circulation the heart volume is itself somewhat
Increased and pulmonary and even apical and aortic systolic murmurs may
appear due n part to such factors and 1n part to the upward displacement
of the heart and great vessels

Sull further factors significantly affecting the action of the normal heart
ate the emotions as pomted out by the ancients and restated by Williams
Not only may fear and pan alter heart rate blood pressure heart sounds
and subjecuve sensations but through action on the sympathetic and para-
SYympathetic nerves they may even alter the electrocardiogram With tachy
Cardia the T wanes are often d P d and on y so even
Imversion of the T waves has been induced by sudden fright as it has been
also but doubtless through a different mechanusm by drinking 1ce water

And finally we come to the toxw 1nfluences of drugs or posons on the
normal heart Those that are best known are the effects of digitalis atropine
and quinidine but there are doubtless less well known drug actions or the
nfluence of rare posons that need exploration This 1s an important digres-
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sion for toxic effects on an otherwise normal heart may stmulate senous
disease as was 5o well borne out in the famous snsurance racket in New York
City some years ago when a few crooked doctors lawyers and msurance
clients conspired to defraud the compames by the producuon of il health
and electrocardiographic changes by large amounts of digitahs these symp-
toms and signs being attnibuted to coronary discase I myself have taken
experimentally, moderate to large doses of digitalis and have not only altered
my electrocardiogram with lengthenny, of P R intervals and depresston of
§ T segments and T waves and snduced anorexia and nausea but also caused
disagreeably forceful heart action at an ordmary rate as well as extrasystoles
and paroxysms of tachycardia Atropine while producing tachycardia lowers
the T waves of the electrocardiogram as well as does the inhalation of tobacco
smoke epmephnne (adrenaling) lowers and may even invert the T waves it
Lead 2

In later chapters I shall take up 1n some detail the actual measurements
anatomic and phystologic that are considered to be within the range of the
normal heart blood vessels, and circulation and shall also mn later chapters
discuss symptoms and signs that may be the result of erther cardiovascult
diseases or of other factors not related to such diseases There still tends 10
be overdiagnosis of heart disease by the erroneous application of both sub
jeciive and objective data I have spent almost as much time 1n correcting
wrong diagnosis of heart disease based on normal vanations as 1 have M
establishing or confirming the presence of actual heart disease One of the
most common of all errors 15 that of including a large trangle of fat at the
cardiac apex as a part of the heart shadow n roentgenologic cardiac mensur2
tion (Figure 7)

In concluding this chapter I have stil another observation to make closely
related to the present subject and fundamental It may well be the most it
portant thing T shall have presented in this book It 1s doubtless often a subject
of thought but there has been surprisingly little reference to 1t especally 25
1t relates to the heart Can we tell when an organ 1s strctly normal? Aftef
all what 1s normal? The word comes from the Latin norma  which means
rule pattern or carpenter s square Normal heaith 1s supposed to be a state of
the body 11 which disease 1s not discoverable May therc not be a few gram$
of mcrease 1n heart weight from one stramn or another without lack of ease oF
objective evidence resulting? May there not be quite extensive change i the
coronary arteries of many of us even with narrowing and perhaps small of
gradual symptomless occlusions here and there with no Jack of ease and with
perfectly normal electrocardtograms? And we may have to be run over 3t
ninety or die of pneumonta which proves resistant to chemotherapy Are ‘rh‘se
coronary changes even if they do produce el drographic at i
s old age to be regarded as disease or may they not be considered like Ef“‘{
hairs as a part of the natural process of growmng old? When does matufd!
aging stop and disease begin” I find sncidentally a great help m using s
conception 1n taltking to patients who are going through an acute of cheonic
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process of adjustment of their coronary circulation with coronary msufficiency
s0 often a temporary state lasting but a few weeks or months or a year or two
It ts a comfort for the patient to realize that there 1s not actually a 100 per cent
diference between his coronary arteries and those of his friend who feels
perfectly well there may be only 3 or 4 per cent He himself may be just over
the threshold of clintcal evidence and his friend just under

-

mnc 7 Roentgenogram of healthy fat man showing a large triangle of eprcardial
at the pericardiodiaphragmatic angle on the left a common source of error 1
¢simation of heart stze

In summary then let me repeat that we need much more study of normal
controls than we possess at present of the heart in alt types of mankind and
by all methods of examunation espectally x ray analysis and electrocards
o2raphy In the past we have all rushed to what has seemed more interesting
and exciting namely the evidence of diseased states so that actually at the
Present time we are likely to be more thrilled by separating from the category
of manifestations of disease certain normal findings than we are to discover
disease stself We have put the cart before the horse but 1t 15 not too late to
vhange about In the study of pulse rate and blood pressure range we do now
:l;‘c normal standards based on hundreds of thousands of individuals but

re 1s still some uncertainty as to mterpretation of borderline readings es
Pecially of those 1n the upper range how high for example may blood pres

o
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sure readings, both systolic and diastolic mse m a normal person from
nervousness alone? We need many thousands of normals for x ray heart
and electrocard; and at the same time better correlations

with bodv buld so that we may construct more accurate tables always avod
g however blind worship of formulas and figures Even statistical analysis
helps us but Iittle here for there 1s stll a chance that an mdividual with
measuresents at the outer range of normal among thousands of carefully
studied cases may humself or herself be exther healthy or discased

Hence untl we acquire aduquate informatton and even when we have it we
can save oursehves a Jot of worry and uncertainty as to whether any goen
ndwvidual has acquired an abnormaitty of the heart by following Floyers
advice and making a careful routine exammation ncluding x ray film and
electrocardiogram  while the subject 1s still n excellent health A comparison
of serial data on a given person ts more valuable than checking him or het
agamst any standard tables

Finally when al 1s said and done the borderhne between the perfectly
normal and the slightly but definitely abnormal 1s s0 wide not only chntcally
but anatomically as well that it 1s unhkely that we can ever draw a sharp bne
between them nor should we try too hard so to do
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CHAPTER 3

THE PATIENT'S HISTORY AND SYMPTOMS

The present chapter and the next after careful scrutiny as in the case of
Chapter 2 have required but minor changes They may I hope continue
to be helpful especially to those not already expert 1a the field of cardiology
and to those more expenienced who have become careless or hurried 1n their
history taking and phystcal examinations and who are still too numerous

THE PATIENT'S HISTORY

The diagnoss and treatment of heart discase are dependent upon the history
and examinauon of the patient The capacity to elicit the significant symptoms
and signs the ability to analyze these symptoms and signs after they have been
found the knowledge of the best therapy and not the least important of all
the quick appraisal of the sort of person to be treated are all essential to the
satisfactory practice of medicime In ones early days i medicine 1 school
and for 3 while afterward the analysis of symptoms and signs and to 2 lesser
extent therr treatment mav be learned with a fair degree of success the
ability to elicst the symptoms and signs and the understanding of the individual
Patient and his reactions are taught less easily by word of mouth or book but
come gradually with experience Without this expenence 1n practice one may
continue but half tramed although able to X dly on d
and treatment No amount of reading or discussion can take the place of
Profonged hard work 1n the climc or 1n the homes of patients the science of
medical practice cannot be taught mn the classtoom

Tt 1s therefore 1mpossible for me to do more 1n this discussion of examina
tion and of symptoms and signs than to point the way and to trust that
eventually proficiency may come to each individual who rounds out with his
O%n experience such information as he may find i this and other books Any
physician may and doubtless will discover 1n time mnnovations or modifica-
tions of our Present methods of exanunation and analysis whereby the study
nd treatment of cardiovascular disease can be furthered Progress i the last
£eneration has been rapid and has been advanced at a fast pace n the last
twenty years since the publication of the first edition of this book We have at

nd a far better chance to diagnose and to treat heart disease successfully

4
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than had our fathers and there 1s no reason why this march should not con
tinue With our wealth of methods of examuation however there 1s dameer
that we may become overconfident or neglectful Somectimes physicrans tend
to abandon old and tried methods for the new while at other times they shun
new and useful methods because they fear they are but transient or boeause
they cannot or do not want to take the time to master them or even to under
stand them But often diagnasts is sa dufficult and stens ace so susleading that
we must make use of all the best tried methods at our disposal before we have
properly dualt with a dflicult case

In the first part of the book which takes up the exammnation of patients 1
shalt discuss boefly the methods that have proved valuable and shall hae
Iittle to say about other methods of less or of doubtful value I shall also discuss
the zesults of these examr nations that is the analysis of symptoms and siss,
reserving for later parts of the book a detatled constderation of the causes
signtficance and treatment of the cardiovascular conditions revealed by these
symptoms and signs

First and most important of Ul 1s the story of the patient humself together
with a careful consideration of his personality and reactions as he tells his
ownstory If told by someone else especially 1o the absence of the patient the
story has a ccrtan amount of value dependent on the narrator s intelligence
and the ¢l of his acq hip with the patient but this procedur
prevents sight into the case that may come only by Iistening to the patents
own discusston of hus history and symptoms It has been my custom i prevate
practice. to allow a full half hour and sometimes longer for the new patents
history except in very stmple or special cases I am convinced that this time
has been more profitably spent than that of any other part of the exammation
Not only has 1t revealed direct information often of great value but 1t has
mdirectly revealed knowledge of the type of person recounting his history
and most important of all 1t has almost bly secured the sympathet
cooperation of the patient Detatled and careful history taking 1s bv no means
the general rule Itis to be sure, sometimes difficult or impossible 1a gentfﬂ,
practice but even when posstble 1t 1s frequently neglected more I beleve 10
Europe than 1n the Umted States Its cultivation 15 worth serous effort and
should not be left to a secretary or assistant It 1s better to rely on an assistants
physical examination than on his history taking 1f both cannot be accom
plished by oneself I have aiso found 1t best for the tramed physician to take
his own notes of the history durning the interview this s preferable to dictation
to a secretary or whose tends quite lly to act as a
check on free discusston

The pattents history had best begin with a very detailed account of
present iliness but under ne condttion should 1t be left at that In some cases
to be sure 1t may be necessary temporanly to postpone the rest of the mswr);
because of fatrgue or senous 1liness or for another reason but it 15 csscnlx-’:
to remember that signsficant clues or guides to dragnosts prognosts and m;t
ment may rest n the past fustory of ilfnesses operations or accidents 1 v

the
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opuntons or treatment of other doctors (often neglected especially by hospital
mternes) 11 the soctal and occupational history 1n the account of the patient s
habits and last but not least especally from the P of prog 11

the famuly hustory another frequently neglected source of snformation

SYMPTOMS

The personal story of the exact onset of the very first heart symptom should
be the foundation stone on which the exammnation of the cardiac patient rests
One sentence ly and adequatel, this information may be
more valuable than all the other data put together An error or vagueness at
the beginning may be senously musleading It 1s important to remember that
not only may cardrac symptoms be confused with noncardiac symptoms but
even when cardiac symptoms pan dyspnea and palpitation are actually
Present they may be confused with each other as mn a case of paroxysmal
tachycardiz wrongly diagnosed angma pectorts or of angina pectons wrongly
Tabeled breathlessness because of hasty questioning The development of the
first symptom 1ts evolution and the appearance of other symptoms must be
carefully recorded according to date circumstances character ntensity

\Tmblllty and relationship 1n order to gaimn full advantage from all available
clues

Symptoms are dependent on two primary factors (1) stimulation of sensory
Rerves and (2) sensitiveness of the nervous system The percentage of re-
Sponsibility of each factor must be judged 1 every case 1t 1s constantly vary
g even i the same case at different times Thus a relatively insensitive
Tervous system may give rise to no symptoms even when there 1s apparently
consid cause for stimul while a nervous system may
Produce symptoms with very little shmulation If fatigue lowers the threshold
of the relatively insensttive nervous system symptoms may be produced by
stmulation which before was meffectrve if Test raises the threshold of the
Senstive nervous system symptoms may no longer be caused by the stimula
ton heretofore effective

Symptoms do not mean disease they mdicate temporary disturbance of
function whether or not dependent on structural pathologic changes

Ishan consider first the three most tmportant symptoms of cardiovascular
ongin—paim P v disorders and palf d after that a group of
less mportant symptoms
AN (rowy penalty) of cardiovascular ongin In the first place it must

be realizeq that pain 1n the chest may or may not be caused by trouble
;mh heart or great vessels and that heart trouble may be responsible drectly

Or pain that 1s outside the chest (referred pamn) even when there may be no
Simultaneous chest pain There are still obscunties about the transmussion and
Interpretation of sensory nerve impulses from the heart but an increasing
terest n the autonomic nervous system 1n the last two decades gives promise of
cleanmg away many of the problems (White J C 1935) It has for example
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been demonstrated 1n recent years that cardiac pawn 1s carried to the central
nervous system by the first four or five dorsal rami communicantes on each
side by way of the corresponding ganglia from the first (stellate) down and
not by way of the cervical sympathetic chains and stellate gangha alone
Before proceeding to the kinds of heart and great vessel parn, 1t 1s important
to empk that d fort due to breathl or palg 1s not to be
called pain although 1t 15 true that actual pam may accompany breathlessness
or be induced by heart action ble also for palp
Thoracic pain for which heart and great vessels arc responsible 1s best
d: d under seven head (1) precordial aching or heartache, and short
sharp stabs of pmn (2) substernal oppression either transient (lasting a few
mnutes) as in the case of paroxysmal angina pectons or of longer duration
(lasting often for hours) as m the case of acute coronary occlusion )]
angina hypercyanotica (4) the pamn of acute pericardiis (5) the pan of
acute rheumatic carditis (6) pressure pamn from aortic aneurysms and (7)
the teaning pam of dissecting aneurysms of the aorta Whether pamn results
from the acute cor pulmonale per se 15 as yet problematic because of the
presence of the underlying acute pulmonary embolism which may utself pro-
duce great distress 1n the anterior thorax or nduce coronary pam 10 2
patient who already has considerable coronary artery narrowang or cause pan
from the resulting pleuropulmonary mfarction An interesting and important
cardiac cause of right upper quadrant abdominal pawn 1s acute engorgement
of the hiver with stretching of 1ts capsule secondary to abrupt failure of the
nght ventricle 1t may occur paroxysmally on effort (Boyer and White 1942}
The most or important diac causes of 1 or antertof
chest pamn to be differentrated from the types described above are spasm of
ph or h (cardiosg ) with hiatus hernia pleunsy
muscle and jownt discomfort neuritts herpes zoster mediastinal or other 1n
trathoracic tumors p: hy and med phy and neuross
1 Precordial aching or heartache maximal as a rule n the center of the
left breast 1s the commonest kind of heart pmn It may be very mild
moderate or very severe and wax and wane for hours to years rarcly does
1t last as short a time as a few minutes on any one cccasion When severe It
may radiate all over the anterior thorax and even into the arms especially
down the feft arm 1n such cases it 15 casdy mustaken for anzma pectoris Ao
when 1t 1s severe 1t 1s often accompanted by precordial tenderness which 18 2
vitally important clue to the proper interpretation of the heartache atself The
essential cause of this kind of pain 1s oversensitiveness of the nervous system
from fatigue or other factor 1t 1s charactersstic of the majonty of cases of
neurocirculatory asthenta (see Chapter 22) If 1t 15 found 1n the presence of
heart disease tself 1t 1s to be mnterpreted only as a compheation and not as
direct result of the heart discase 1t 1s however true that the larger the hea
and the more forceful 1ts action the more likely are heartache and precordsi
tenderness to be present The path 1sp bly that of the thump ;
the heart whether normal or diseased against an oversensitive thoractc Wal
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Short sharp stabs of pamn in the precordumn are to be fundamentally ex~
plamed 1n the same way as 1s precordial aching, the immediate cause of such
astabasif from a pin a needle or a kmife 1s 1t many cases a premature beat
or extrasystole

Thus heartache and precordial stabbing sensations are unimportant and
mn fact often reassunng so far as senous disease 15 concerned the majority of
patients showing such symptoms have no heart dsease at all The 1dea once
expressed that myocardial fatigue in chronic heart disease may produce these
symptoms has not been borne out 1n the studies of the last decade or more An
interesting observation concerning the side ache that not infrequently occurs
m either left or right upper quadrant of the abdomen on exertion 1n normal
persons has been presented by Capps (1941) he ascnbes this ache to anoxia
of the draphragm on exther side

2 Substernal oppression dependent on coronary wsufficiency 15 also com-
mon but 1t 1s of far greater significance than heartache so far as prognosis 1s
concerned It may be mild moderate or severe and may or may not show
transmisston of patn to arms neck jaws or back Many times heartache of no
importance 1s more severe than angina pectons of great importance The
substernal oppression 15 almost invanably the result at first of considerable
cffort under special circumstances such as hurrymg for a tram on a cold
mormung 1n fall or winter directly after breakfast in comparison to the heart
ache of neurouirculatory asthema which occurs at any time espectally when
fatigue sets 1 at the end of the day Substernal oppression dependent on
Coronary insuffictency 1s usually at first paroxysmal lasting but a few minutes
atatime assuch 1t has been called angina pectons (see Chapter 21) When 1t

Tasts for hours 1t 15 due most ly to dial mfarction Iting from
acute occlusion of one of the main coronary arteries or branches 1 almost all
<cases the resuft of thromb on an atheroscl background but 1n rare

cases due to embolism (see Chapter 21) Tenderness over the sternum m cases
of substernal oppression does not occur unless there 1s a complication of
Reurocirculatory asthenta Actual coronary disease atherosclerotic or other
Wise 15 fundamentally responsible for the large majonity of all cases showing
substernal opp d dent on coronary ffi m a few cases
other factors such as syphilitic aortitis anemia or possibly even coronary
SPasmitself are wholly or 1n major part responstble

Sometimes the site of angina pectons 1s a Little to the left of the sternum
(rarely to the night of the sternum) rather than directly substernal
Yery mfrequently 15 1t 1n the middle of the left breast where the more pro
onged heartache described above 15 located and rarely does coronary m-
sufficiency give nse only to referred pam 1n one or both arms hands or jaws
ithout substernal oppression—in such cases the greatest care and judgment
are Necessary 1n its nterpretation

3 Angina hypercyanotica 1s rare A heavy pain precordual and substernal
with or without radiatson 1s felt by some d who have d
C¥anosis espectally by 2 few with marked mitral stenosis or massive pulmonary
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embolism and 1s due probably to myocardial anoxn it has been calfed
angtna hypercyanotica

4 Heart pain of acute pericardiis 1s not common The mayonity of cases
of pencarditis acute or chromic have o pamn but if there 1s mvolsement ot
certatn parts of the parietal perscardium 1 particular that adjorming the pleura
or outer draphragmatic portion of the pericardial sac there may be dsagree
able pamn resembling that of pleunsy and usually aggravated by respiration
(Capps 1927) the fact that the pamn of pericarditis 1s almost always much
mcereased by the act of spiration 1s a very important clue in distinguishing
1t from the pan of myocardial infarction with which otherwise 1t may easty
be confused The pamn ongmating in the draphragmatic pericardwum tends to
be referred to the Jeft shoulder An acute pencardral effusion may cause 2
vague dull precordia) oppression

5 Heart pan of acute rheumatic cardis consists of precordtal pam sharper
than that of the heartache of meurocirculatory asthema but mot so sharp
generally as the pamn of acute pericarditis although 1t may complicate the
Iatter It recurs as a rule for a few days durning a severe rheumatic nfection 1

childhood It1s not a finding Its path 15 not clear
6 Aortic aneurysm pressure pain 1s a severe more or less constant ache
m vpper thorax neck or shoulder dependent on p of the growing

aneurysmal sac agamst surrounding tissues espeuially bones cartilage an
nerves 1t usually requires morphine or alcohol mnjection of nerves (se€
Chapter 28)

7 The pain of a dissecing aortic aneurysm 1s usually excrucraung and
tearing located substernally or in the back and radiating through the chest
from bach to front or vice versa and often down the back to the legs It tends
to be at its herght at the very outset 1n contrast to the pain of coronary occly
ston which takes a few minutes to work up to its severest intensity It Jasts for
hours and usually ends mn death due to secondary rupture of the aortd 1nto
pleura pericardium, or elsewhere It 1s due to the extensive tearng of the
medta of the aortic wall often through its entire length from sortic valie 1©
bifurcation at the common thac arteries and 1 large part circumferentizlly
also It 1s likely to be contused with the pamn of acute coronary ocelusion (5¢¢
Chapter 28) ;

Disorders of respiration There are only three fundamental disordess &
respiration that are felated to heart disease ttself These are (1) dyspne?
that 1s drfficult breathmg (2) cardiac asthma and (3) penodic apnes an
hyperpnea or the so-called Cheyne Stokes respiration Rapid brcalhl:sg
(tachypnea without dyspnea) slow breathing (bradypnea) and sighing ; s
piratton are not directly related to heart discase although they are samt:uluc
so musinterpreted particularly the last named Sighing 1s an important © .
when excessive to neuroctreulatory asthemia which may or may not Lomp
cate heart discase (Figure 8 and Chapter 22)

1 Dyspnea (Svo difficult and moy breathmng) s of ¢
nomomic of heart discase st has many other causes chiefly pulmona

ourse not pathos
ry d



THE PATIENT S HISTORY AND SYMPTOMS 47
eases acute and chronic pleunsy wath and without eftusion bronchidd asthma
diseases ot obstruction of the upper respuatory tract larynx and trachea

d diserses diaph hermas and certain nervous affections
The dyspnea produced by heart disease 1s mainly the result of a reflex action
on the respiratory center from engorgement of the pulmonary oirculation Such

P y vascular 15 produced most tv by farlure of the
Ieft ventncle and fess commonly by the obstruction due to mutral valve de
formay (stenosis or both} wrongly mterpreted as
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FI6 8 Spirograms showing several types of {4} Normal
sﬂ:er ntecval of § munutes Inspiration shown by upstroke and expiration by down
kx;ok: Respiratory rate = 14 16 16 per minnte Time snterval 1 minute (B) Sighing
mv‘rrdnlmn m case of neuromreulatory asthema without heart disease Ten sighs are
m: ed 10 the mterval of 5 runutes Respiratory rate =x 12 to 15 (C) Dyspnea due
emon(gesuvg heart failure Note increase m respiratory rate from 14 to 22 toward the
- )o 3 tunutes at wiich time 1t was necessary for the patiest to change from the
mp):ae to the erect position Note the absence of sighing respiration (D) Chevne
o wr; respiratian. The durations of the three hyperpneic phases which are completely
A 50 35 and 30 seconds respectively snd of the three apneic phases 40 35
seconds sespectively
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the result of failure of the nght ventricle Actual effusion of edema flud into
the pulmonary alveolt 1n somte cases undoubtedly adds its effect 1n erag
gerating the dyspnea probably chiefly through stumulating the resprratory
center by the oxygen lack and mereased carbon dioxide mn the blood Fatture
of the nght ventricle with resulting stasts and disturbed gas conteat of the
blood supply to the respiratory center 1s another cause of cardiac dyspnea
but less common and later 1n appearance Many cases with night ventricular
fallure constrictive pericarditts or tricuspid stenosis and elevated venous
pressure have litle or no dyspnea 1t 15 probable that such chromc cases ac
commodate themselves more or less to the high venous pressure 1ncreased
blood carbon dioxtde and decreased blood oxygen in contrast to the dyspreic
reaction of acutely congested cases Moreover 1t 1s of nterest to observe o¢
castonally the disapp of dyspnea (due to left lar farlure) when
the right ventricle fails secondanly and no longer mamtaimns the congestion of
the Iung vessels

Orthopriea (opflo erect and mvoy breathing) 1s the term applied to dyspnes
sufficient n degree to force the patient to assume a sitting posttion such 2
position acts by gravity to reheve some of the congestion 1n Jungs and bram

2 Cardiac asthma (aafpa gaspng) When congestion of the pulmonary
circulation occurs suddenly as the result erther of acute faijure of the left
ventncle (see Chapter 30) or of tachycardia 1n cases of marked mitral stenosis
(see Chapter 26) the tension or emphysema (¢ 1nto and groyea a8 blowing
sound) that ensues may by nervous reflex action precipitate asthmatic breath
g this ts cardiac asthma 1t 15 not adequately described by any other term
such as paroxysmal dyspnea or acute pulmonary edema Of course there 18
always dyspnea 1 such cases but asthmatic respiration 1s a particular type of
dyspnea moreover there may or may not be chinscally so-called frank put
monary edema m these cases thatss the blood vessels may be greatly engorged
with or without mnterstittal edema but with no actual flud 1 the alveol and
bronctuoles In fact the king rales of put y emphysema and asthma
are much more common 1n these patients than are motst rales

An attack of cardiac asthma most commonly comes suddenly at night
when a pattent wath chronic heart disease 1s sound asleep with head and
thorax low 1n posttion It may infrequently occur on unusual effort whea
awake The hind of heart disease 15 that causing severe stram on the eft
ventricle, especially hypertension aortic stenosis or regurgitation or coronaty
thrombosts except in rare cases of marked mitral stenosts when tachycardia
due to exercise or exciiement or occurang paroxysmally suddenly floods the
pulmonary circulation

It 1s unportant to note that pulmonary congestion or edema
acutely or chroncally without asthma that asthmatic breathing occurs otltr:
without any heart disease at all, but that 1n an  asthmatic type ? of indvrdu

cardiae asthma 1s preaiputated by scute of the pul ry ey
lation tt1s as Hope pomted out over one hundred years ago {1832), mercly
proncinal asthma due to bronchiolar spasm added to and set oft by heart

may occus
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failure (see Chapter 30) Cardiac asthma Iike bronchial asthma 1s helped
though less dramatically by theophyline ethylene diamune (amunophylhn)
admimstesed 1ntravenously

3 Peniodic apnea and hyperpnea (Cheyne Stokes respiration) 15 not
pathognomontc of heart disease but 1t occurs most frequently in chromc
cardiac cases with left ventricular weakness combined with an especially poor
blood supply to the respiratory center It comes on at first commonly during
sleeping hours and tends to begin i very shight degree that 1s with waxing
and waning of respiration but not actually apnea and hyperpnea 1t 1s not then
such an mmportant sign but 1ts progress should be watched for when 1t 1s
present during the waking hours 1t 15 @ sertous prognostic sign It 1s the result
of alternating of the resp y center by blood oxygen lack
and carbon diovide excess and overdepression by blood oxygen excess and
carbon dioxide decrease It 1s best treated by stimulation of the resptratory
center by theophylline ethylene diamine (aminophyllin} or caffeine along with
Toutme treatment of the myocardial weakness (see Chapter 30)

Palpitation (from the Latin palpitare to throb) Palpitation 1s a much less
important heart symptom than pamn and dyspnea It conssts of an unpleasant
sepsation of the heart s action whether slow or fast regular or wregular It
1s usually the result of ummportant disturbance of heart rhythm namely
Dremature beats or extrasystoles and paroxysmal tachycardia (see Chapter
32) or of foreeful regular heart action rapid or slow the Tesult of effort
exctement toxic effect (for example from tobacco) or infectton n a
rervously sensitive person Infrequently 1t may be caused by a more important
disorder of heart thythm such as atnial fibnllation atrial flutter or heart block
(see Chapters 33 and 34) In addition to the sensation of palpitation 1 the
thorax there 15 fi quently a of pulse tf 1n the head or ex
tremities more often 1n the arms than n the legs This 1s usually regular and
forceful and due to effort excitement nervousness fever thyrotoxicosis or
Teaction fo vanous substances mgested or mhaled for example alcoholc
dnnks tobacco mitntes It 15 not per se a sign of heart disease though 1t 1s
increased i the presence of aortic regurgitation or other cause of a full pulse
pressure If present in an observer it may sometimes be difficult to distinguish
:etwe‘eu Ius own pulse and the pulse of the subject beng examined except

Y Tate

Other symptoms There are several other s p freq }
Ot rarely associated with heart disease but not often directly related Exhaus-
ton nervousness head cough h hemopty
sis famtness syncope anorexia and pamn 1n abdomen or legs are usnally but
Incdental to various comphcations of heart disease examples are pertodic
Painin the legs on wallung due to arteriosclerosis and faulty blood supply to
::e muscles (; dication) and ner due to
m;};sasthema Dizainess faintness and even circulatory collapse are some
stony “J:ﬂgly aceredited to heart disease (for example acute coronary occla

en actually a severe grade of Mentere s syndrome 15 present with
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faulty function of the mternal ear the clue rests 1 the presence of marked
vertigo (with nausea as a rule) which 1s not a symptom of heart disease
although mild grades of Mentere s syndrome are frequent accompaniments of
hypertension and the degenerative types of heart disease 1n older persons

Several noncardiac symptoms are at ttmes directly related to heart disease
Insomnia may be the result of 2 poorly defined orthopnea secondary to Jeft
ventricular fatlure and pul 'y vascular Anorexia and upper
abdominal pamn may be due to engorgement of hver stomach and intestnes
secondary to night ventricular fatlure Syncope (with or without convulsions)
may be the result or prolonged cerebral anemia secondary to ventricular stand
still in heart block of high degree or to extreme tachycardia i paroxysms and
rarely a manmifestation of angina pectonis a sensitive carotid sinus reflex ora
vasovagal reflex of other cause Cough dry mn character and somehmes
metallic or brassy in quality may result from pressure on air passages of
recurrent laryngeal nerve through the presence of aortic ancurysms very
large hearts or massmve pericardial effustons irmtation of pleura or of
diaphragm 1n acute pencarditis may also occaston cough Both cough and
hemoptysts may be due to pull 'y vascular in cases of left
ventnicular failure and of mutral stenosts Hoarseness may appear In rar¢
cases of aortic aneurysms and mtral stenosts Dysphagta may be caused by 2
saccular or dissecting aorti. aneurysm apomalous aortic arch dilated left
atnium or a large pericardial effuston
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CHAPTER 4

PHYSICAL EXAMINATION

SIGNS WITH ESPECIAL REFERENCE TO CYANOSIS JAUNDICE
AND EDEMA

Having obtatned the fullest possible information from the patients own
history the physictan turns next to the phystcal examination winch fills most
of the gaps left 1n the completion of the picture of the condition of the heart
In the wnters expenence the relative values of the different parts of the
examination are about as follows 1n percentage of the total history 45 P T
cent physical examination 25 per cent electrocardiography 15 per cent roent
genology 10 per cent other methods of examination (blood urine basal
metabolic rate cardiac cathetenzation circulation rate wital capacity and
functional tests) 5 per cent

There was somewhat of a danger of overemphasis of symptoms and af tests
of reserve 1 the years that followed World War I to the neglect of physical
signs This situation was the result of two factors 1n the first place for ten
years or more before that war the pendulum had been set swinging from the
extreme pomt of view of the nineteenth century that structural defects and
evidence thereof should be the focus of medical diagnosis prognosis and treat
ment to the opposite extreme of prime consideration of the functional stafe
of the and dly the need of p for the armed forces
during that war forced disregard for ultimate 1n favor of immediate prognosis
‘The situation was more favorable in this respect so far as the US A was con
cerned 1 World War IT

Clues to the etiology of heart disease and to the functional state of the €if
culation are frequently found in signs other than those presented by the ‘heart
directly It 1s thercfore essential in the physical examination of an individual
suspected of having trouble with the heart to search the whole body for such
clues Hence before tahing up the examination of the heart itself I shall pre
sent the more important signs of heart trouble elsewhere 1n the body and
discuss 1n somewhat more detatl three special conditions—<yanosis jaundice

dem
ancllnethe ﬁ:s: place the general appearance of the patient 1s of vital importance
52
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this mcludes age build height and weight (and especially their relationship)
nutntion strength mental state color and breathing These various pornts are
often taken 1 at a glance without careful analysis but they weigh heavily 1n
the final assessment of the case thus affording the physician who personally
examunes the patient a great advantage over the doctor who ts asked to make
his diagnosis and prescribe treatment on the basis of hearsay evidence only
no matter how careful and detarled may be the history and report of phystcal
signs

Head and neck The eyes afford more clues 1n a cardiac patient than any

other part of the body except the neck and the heart itself Exophthalmos and
related eye signs suggest at once the probability that at least some of the heart
trouble 15 due to thyrotoxicosis The failure of the pupils to react to light
(Argyll Robertson pupil) and their irregulanity and mequality ndicate at
once the need to search for aortitis itself since central nervous system syphths
and cardiovascular syphilis are frequently assoctated The arcus semlis 15 not
animportant clue however 1t 1s only a little more common 1n older ndividuals
with heart disease than n those without The same statement 1s true of cata~
racts The eye grounds on the other hand are of considerable importance

especially when there 1s uncertamty about the degree the duration or even
the past existence of high blood pressure mportant hypertension 1s attended
in the course of a few years by sclerosss of the small artertes of the eye grounds

which becomes marked 1 degree and may be attended by edema exudate

bemorthages and even choling of the disks, when the hypertension becomes
malignant (Figure 9) Petechial hemorrhages m the conjunctivae are fre-
Quently found 1n subacute bactersal endocarditis

The mouth and throat should be examuned for mfection of teeth gums and
tonsils which may sometimes lead to acute rheumatic heart disease or to
acute or subacute bactenal endocarditis 1n persons susceptible to these diseases
(see Chapters 14 and 15)

The neck may show several important abnormalities Thyroid gland en-
largement suggests thyrotoxicosss Vigorous artersal pulsation with the sub-
Ject at rest 15 mdicative of chronic hypertension aortic regurgitation or
2neurysmal dilatation A tracheal tug (sometimes called Oliver s sign Oliver
1878) 15 uncommon when 1t 1s clearly evident 1t pomts to the presence of
2n 3ortic aneurysm Increased activity of the carotid sinus reflex determined
by firm pressure exerted by the fingers high up on the carotid artery in the
region of the bulb may reveal itself in marked slowing of the heart rate drop
in blood pressure or reflex cerebral vasoconstriction with resulting faintness
Ot syncope such a finding may be helpful mn explainmng symptoms of obscure
ongm (Weiss and Baker 1933) Finally and most important of all there 1s
engorgement or pulsation of the jugular veins with the subject in the upnight
Positton  this means most commonly congestive heart failure mvolving the
;E‘}; ventricle or the whole heart less often 1t means acute or chrome con-
‘Eas[l:; pencarditis which blocks the entrance of blood into the heart and

en 1t 1ndicates orgamc tncuspid stenosis or regurgitation or obstruc—
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tion of the supenor vena cava by tumor aneurysm or other mediastal n
volvement The deep systolic jugular pulse should not be confused with the
carotid pulse (see Chapter 8)

Thorax Chest deformities have two interesting relationships to heart
disease Precordial bulging of the bony thorax without other important de
formities signifies usually the development of cardiac enlargement due to con
gemtal defects or rheumatic nvolvement durnng the period of early growth
1t 1s therefore valuable as a sign of important affection of the heart 1 early
chldhood Marked scoliosts and kyphosis may themselves give nise to heart
disease or more often to insufficiency of the lungs and in rare cases a de
Ppressed sternum may embarrass the heart (see Chapter 23) Abnormal pulsa
tions and elevations of the chest wall are found m cases of aortic aneurysm
(Figure 10) and of cardiac hypertrophy Palpation of the intercostal spaces

FIG 10 Photograph showing a localized bulging at the right of the upper sternum
u¢ 10 an aneurysm of the ascending aorta and nnomnate artery
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i the dorsal and axillary parts of the thorax may reveal acterial pubsations
that ndicate the p of 1 of the aorta Cardrac pulsa
tiops wall be discossed m the nest chapter

Examination of the lungs ss of great importance s heart disease There may
be most rales at the bases due to pulmonary edema resulting from fadure of
the left ventricle but such rales must be carefully distinguished from atelectane
rales and from rales due to pul y 1nf or multiple mf ds

which are fi 1

y neglected M too much has been made
of this sign 1a conteast to that of sumple dyspnea or of emphysema wath wheezy
respiration due to the more common engorgement of the pulmonary cuculx
tion m fatlure of the Jeft ventncle and i mitral stenosis of high degree Th
emphysema mn such cases 3s pumanly a functional state and not usually dis
coverable at postmortem examnatton when the lung vessels are emptied o
15 due to the stfemng of the lung fixatton of the alveol; and low posion of
the draphragm with the result that relatively hittle air passes 1 and out and
that only with considerable difficulty Areas of pulmanary consohdatton a8
quite common 1n heart disease espectally mfarcts comph congestive
heart fmlure or mitral stenosis These mfarcts are due to embolwsm from
venous thrombosts 1 abdomen pelvis or legs (most commonly saphenous
and femoral venous thrombosis} resulting from the slowed crrculation with
or without actual phlebits and are often serious occasionally termunal and
frequently averlooked or wrangly labeled p much less !
such embolism ongmates from the nght heart chambers Other consobdation
of Jung bissue may complicate heart dhscase espectally hemorrhagic mvolie
ment 1n severe acttve rh f and lly a real p
process Finally signs of hydrothorax 1n a cardiac pattent are common e
result of an active theumatic pleunitis or a part of a polyserasius which 18
usually of unknown ettology  or mast frequently a jate due to cou
farlure of the night ventrcle or whole heart mvolving espectally the night side
of the thorax Rught hydrothorax s more frequent than left either because of
the greater ease of obstruction of the azygos vesn on that side or else because
of higher venous 1 the pu y 1 of the nght lung than
1 that of the left Jung in congestive heart fadure (Dock, 1935, White August
and Michie 1947) Ewart s sign (Ewart, 1896 Levine and Gevalt, and Gor
don 1940}, consistmg of duliness, d and htal breathing
at the left lung base in cases of pericardial effusion 1s probably the result of
several factors including compression of the Jung by fiutd in the pleurat as well
as in the pencardial cavity and pulmonary infacction
1 emph of the med (with or without pneumothorax)

1s revealed by cunous crackhing sounds heard over the sternum and some
times by palpab pt 1 nech or over the antentof
thoracic wall (Hammun, 1939 Gruifin 1942)

Abdomen There are three signs obtained by exammation of the abdom;:
that are of significance i cardiac patient The first 1s enlargement ?f :n
tiver from engorgement due (0 coagesttve failure of the night ventncle 10
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cuspid stenosis or to acute or chronic constrictive pericarditts If the conges-
tion occurs quickly the hiver 1s tender because of the rapid stretching of 1ts
capsule Pulsation of the liver that 1s easily discermuble 1s rare 1t 1s the result
etther of advanced congestive fatlure of the nght ventricle with functional tn-
cuspid regurgitation as 1n mutral stenosts of long standing or of tricuspid valve
disease (rheumatic) of high degree Curhosis of the liver may be a concs-
dental complication of heart disease and failure but 1n lesser degree 1t may be
asequel of chronic constrictive penicarditis or mutral stenosis of long standing
The second 1mportant abdomrnal sign 1n heart disease 15 splenomegaly which
15 confirmatory of the diagnosis of subacute bacterial endocarditis The third
sign 1s ascites (aowos bag or bladder) which 1n a cardiac patient 1s usually the
result of congestive failure of the nght ventricle but which may also be caused
by trcuspid stenosis or chrome constrictive pencarditis 1 both of which
conditions 1t more or less parallels the degree of hiver engorgement ascites may
also be a part of a polyserositis (Concatos disease) which forms the b.ck-
ground for chromic constrictive pencardits (Pick s disease) and 1t may like-
wise be caused or aggravated by a comphcating cirrhosts of the hver When
the possibility of syphilitic aortitis extsts mspection of the genitalia for the
scar of a chancre may prove helpful

Extrenuties Abnormal pulses dependent edema cyanosis clubbimg of the
fingers and toes polyarticular rheumatism and rheumatic nodules are the spe-
cral signs to be looked for here 1n a cardiac patient The pulse will be discussed
1n Chapter 8 Clubbrng of fingers and toes assoctated with cyanoss 1s found
In certain congemtal cardiovascular defects (the morbus caeruleus) (see
Figure 63 page 298) Clubbmg without cyanosss 1s found n subacute bac
tenal endocarditts However it must be remembered that clubbed fingers are
often found with d d most ly of all m pul '4
diseases even wlcerative colitis may be the underlymg cause and a famihal
type of unknown etiology has been described Recently 1t has been found that
mn all varieties of sumple clubbmg except hereditary the blood flows per umt
surface or volume of finger tip are abnormally hugh as the result of reduction
of the brachal-digital blood pressure gradients thus mcrease of blood flow 15
Probably the important factor 1n the development of the clubbing (Mend-
lowitz 1941)

Rheumatte nodules are important evidence of an active rheumatic infection
but must be differentrated from the nodes of rheumatond arthrins (see Figore
84 page 367) It1s well also to palpate the dorsalis pedis and posterior tibal
artenal pulses 1f they are much dimimushed or absent we have evidence as a
rule of artertosclerosis of high degree which may not be Iimited to the legs or
l];ll‘arc cases of 1 or of di aneurysm of the aorta

mally absence of the knee Jerks suggests the need of searching carefully for
Syphilitic aortitis whide their exaggeration pounts to the presence of a hypersen-
sitive nervous system which may accentuate cardiac symptoms As a rule the
more Itvely both knee Jerks the less senous are the symptoms
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There are three partrcular signs 1 a cardrac patient that deserve considera
tion at some length they are cyanosts jaundice and edema

Cyanosts Cyanosts (xiaros dark blue color) of skin and mucous mem
branes 15 a sign much sought for but unless the cyanosss ts well marked of
constant 1t may be unimportant since it often results from temporasry Jocal
disturbances of the crrculation and not from serious disease of heart lun s
or blood vessels Ths change 11 color 1s the result of the presence i dilated
superfictal blood vessels of venous blood i which an abnormally high per
centage of the hemoglobin has lost tts oxygen (reduced hemog.obm) Two
factors are of much importance i determtmng the degree of cyanosts first
tne extent of oxygen d 10n or red of fobin and second,
the degree of dilatation of the blood vessels (arterioles and capiltanes) of the
shin and mucous membranes which makes the cyanosis visibl  The less the
oxygen saturation of the hemoglobin and the more dilated the superficial
vessels the greater 1s the degree of cyanosis in any part of the body Artenal
blood should normally be 95 to 100 per cent saturated with oxvgen which s
equivalent to 19 to 20 volumes per cent (the normal oxygen vontent of at
mosphertc arr} 1f 1t 1s but 80 to 85 per cent saturated so that ¥ contains 3 of 4
volumes per cent of reduced hemoglobm cyanoss results The caprilary blood
should normaily contain about 3 5 volumes per cent of reduced hemoglobin
1f 1t contamns over & 5 volumes per cent there resulls a cyanotic color bike that
of venous blood which normaily contamns about 6 volumes per cent of reduced
) As a rule cy 15 most and best seen in lips cheeks
cars and hands where the blood vessels are numerous and most exposed 1@
the air This condition 1s sometimes called acrocyanosts (axpos outermost
and xaros cyanosis) A further factor in the production of cyanosts 1§ the
amount of hemoglobm m the blood with aa increased amount as m poly
cvthemia the blood possesses a much more pronounced blueness of color
due to the high total content of reduced hemoglobin than when there 1s dild
tion as 1 anemua even though the percentage of reduction of the hemo-
globin 1s the same

The underlying causes of cyanosis are seven

1 The first and most common factor s Jocal and consists of the slowing
of the peripheral circulation by cold or vasomotor nervous stimulation Artert
olar vasoconstriction reduces the capillary blood pressure and speed of flow
This slowed crrculation of the blood allows a greater dissocration of oxygent
than usual hence the cyanosts If the cold becomes mtense however the dis
sociation of oxygen stops and even though the circulation remams very slow
the skin color 1s red and not blue due to the presence of artersal blood An
abrormally high degree of sensitiveness to cold especially in the hands with
the paroxysmal production of cyanosts (or pallor) 1s seen 1n the conditiont
called Raynaud s disease (see Chapter 31) The high degree of circulatory dis
turban-e 1n this condition 1s usually attended by pamm Probably both cold
and vasomotor nervous stimulaton act together 12 Raynaud s disease
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2 Obstruction to the return of blood to the heart may also cause cyanosis
either from 1nternal cause namely congestive failure of the right ventnicle
trcuspid stenosis or acute or chronic constrictive pencarditis or from local
causes namely pressure on the veins by tumor or constrictron venous throm
bosts or incompetent venous valves The slowing of the blood flow through
the vessels of the shin causes increased dissociation of oxygen and a blue
color exaggerated by capillary dilatation

3 A thurd very important factor 1s congestion of the lungs due to heart
trouble A chronic engorgement of the lung vessels 1n mitral stenosis or acute
or chromc engorgement from failure of the left ventricle causes a certan
amount of blood to pass through the Tungs in the middle of the dilated capil-
lanes and so out of contact with the alveolar air continumg 1nto the systemic
circulation as venous or blue blood with a considerable dissociation of oxygen
It enough of the blood one third 1t has been estumated 1s so shunted from
venous system to artersal system cyanosis will result Often combined 2 h
this factor of engorgement of the lung vessels 1s that of slowing of the return
of blood to the heart from various causes Thus one factor may remforce an
other m the production of cyanosts

4 Certain congenital heart defects may cause cyanosts by shunting venous
blood drrectly 1nto the systerme eireulation via a single ventricle or dextroposed
aorta overnding both ventncles or mn transposition of the great vessels or
less commonly and later m Lfe through mterventncular or interatrial septal
defects or patent ductus arteriosus It has been calculated that 30 to 40 per
cent of the venous blood must be so shunted 1n order to assure the presence
of cyanosis In patients of this type the capillaries of the skin have been found
dilated and the peripheral circulation slowed and it has been suggested that
this Jocal factor may be more important 1n the production of cyanosis than
the congemital heart discase ttself It 15 ltkely however that the veno artenal
shunt alone 1s responsible for most of the cyanosis which 1s 1n turn deepened
Or pethaps even brought to notice by the slowing of the pertpheral circulation
the slowing of the peripheral circulation s occasioned by the need of the
ssues to remove sufficient oxygen from the oxygen deficient blood stream
The polycythemta present in most cases of congemital heart disease with a
night to left shunt 1s an add 1 factor which Con
gemutal heart defects i which there 1s no veno artenal shunt are not attended

by ¢/anoss unless there 1s a complicating factor of congestive heart failure or
Pulmonary disease

5 Disease of the Tungs acute or chronic may be a cause of cyanosis the
Presence and degree of which are dependent on the amount of pulmonary m
Yolvement and on the T of factors With lid: of

much lung tissue m pneumoma  or ‘mfurctlon venous blood 1n sufficient
amount to cause cyanosis 1s shunted through the pulmonary circulation
Wwithout coming mto contact with alveolar airr Moisture in the alveoli and
bronchioles may act even more than consohdation to cause cyanosis by pre
venling contact of blood with arr as 1s the case with severe nfluenza or
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inversely but not 1n the same degree In nephrosts and starvation edematous
flmd 13 very Jow in protein giving percentages lower than i any other condi
tions while the flurd from lymphedema and also from edema 1n nflammatory
areas has a high content of protein the more purulent the inflammatory edema
Is the higher its protemn content and the nearer 1t approaches the chemical
state of blood serum The specific gravity of edematous fluids vartes with the
protein content from about 1 008 w1th very little protem to 1 020 or more
approaching the specific gravity of blood scrum itself Asctic and hydro-
thoracte fluids or so called transudates in congestive heart failure have the
same composition as subcutaneous edema fluid except for a somewhat higher
protemn content and a higher specific gravity (about 1 012)

Most of the underlying causes of edema are known In the first place there
15 the simple effect of gravity Standing long 1n one posttion with hittle or no
movement of the legs (contraction of the leg muscles favors an upward flow
n the vems) causes a slowing of the circulation with mnerease m stze of the
legs from stasis progressing in extreme cases to actual edema which i
usually most evident 1n the ankles just above the shoes and over the shins
This edema becomes palpable 1t 1s said when the imb volume has mereased
by 8 per cent The heavier the person and the longer the time on the feet the
more Iikely 1s the appearance of edema This edema may be regarded as 2
phystologic occurrence when 1t 1s found m heavy persons who stand much
of the tme Walking or other movement of the feet and legs aids the curcula
tion and tends to prevent edema The presence of varicose vems favors 1t
occurrence especially umdaterally or preponderantly 1n one leg or the other

Bestdes gravity a common cause of edema and one of the most frequent
15 obstruction to the return flow of flud from tissues to heart Lymphatic
block 1s rarely the cause of any inportant edema although it may mn excep
uonal cases gne nse to chronic massive increase m size of legs or arms of
gemtala called elephantiasis Obstruction of the venous circulation ts fre
quently responsible for edema This obstruction may come 1n a variety of
ways (1) by venous thromt due to 1nfl or to stasis (2) by
pressuse on veins from without by tumors scars and tight bands and more
or less normally late 1n pregnancy (in the last four weeks) and (3) by re
sistance to the flow of blood 1nto the heart usually because of the mability
of the nght ventricle from failure or otherwise to pass on all the blood 1t
recetves This venous obstruction also may be due to tricuspid stenosts or o
hrmitation of the size of nght heart chambers and venae cavae by a large pert
cardial effusion or by chronic constrictive pericardial adhesions (as in Picks
disease) so that too small an amount of venous blood enters the heart m
diastole with resulting accumulation of edema fluid n tissues and serous
cavittes The expl of edema dary to obstruction of the return
flow of blood to the heart from any cause s the tncreased hydrostatic pressure
11 the venous ends of the capillaries which results from the mncreased pressure
1n the systemic vemns and which prevents the normal absorption of flurd from
the ussues hrogh Landis and Tumer (1932) demonstrated that excessive
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fluid accumulates ant the tissue spaces m man when the venous pressure (nor
mally 6 to 8 cm of water) 1s raised above 15 to 20 cm
Another important tvpe of edema but much less common than that result-
mg from venous obstruction with or wathout cardiac cause s that dependent
on phystochemical factors which produce a disturbance of the normal osmotic
pressure relationship between the fluds 1 capilaries and nissues Here dis
orders of either liver or kidneys may play an important role with the onset
of asp diuresis heralding a b recovery The higher concen
tration of substances i particular proteins which diffuse with difficulty
through the captllary wall 1n the blood stream than m the body tissues estab-
Iishes an osmotic pressure which normally draws flnrd from tissues into the
blood and so tends to neutralize the hydrostatic pressure so far as the flmd
balance on both sides of the capillary walls 1s concerned Nephntis especially
with nephrosts and disturbances of tissue metaboltsm due to starvation are
frequently associated with edema thts edema 15 usually general 1n distnibution
affecting face arms and hands and not simply the dependent portions of the
body as i congestive heart fallure Nephntic edema 1s due fundamentally to
damage to the renal tubules which prevents the concentration of the urne and
the reabsorption of albumin the low content of albumm 1 the capillary blood
serum prevents the proper return flow of flud by osmotic pressure into the
blood from the tissues A certain type of nephntis with free loss or leakage
of sodiem tends Iike Addisons disease with 1ts faulty sodim metabolism
toward dehydration and collapse and not edema
Edema secondary to decreased negatve osmotic pressure of the blood may
be added to edema due to mcreased positive hydrostatic capillary pressure m
a patient with congestive heart fallure and malnototion this 1s 2 point of
much importance and explams obscure findings m some cases The excessne
ingestion of sodium chlonde particularly 1n cases of low myocardial reserve
also favors the accumulation of cdema 1n the body ttssues
Another mportant cause of edema 1n congestive heart farlure seems to be
due to deficient circulation to the kidneys secondary to failure of the myo-
¢ardum of the left ventricle or of the whole heart and resulting i 1nability
of the kidneys to excrete sodium normally the retentton of sodium results in
the building up of the body water both 1 and out of the circulation
Recently Sarnoff (personal communication 1951) has found that n ex
1 animals i of the center m the brain
€an result 1 such peripheral vasoconstriction that blood 1s rapidly trans-
ferted 1n bulk from the systemic circulation to the pulmonary circulation e
sulting 1n pulmonary edema this 15 probably an explanation for the so-called
Teurogenic or cerebral type of pulmonary edema
The metabolte disorder of ypott d ) s 1y asso-
Cated with a nonpitting accumulation of flud 1n the body tissues generally
(not prmanly in dependent parts of the body) and 1s attended by a low blood

Plasma volume 1n contrast to cardiac edema thyrowd therapy clears ths
Mmyxedema
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Berbert (av ) s ded by the 1 of flmd 1 body
tissues but rarely by frank edema

A rare type of edema of unknown cause 1s heredrtary in nature (Milroy
1892 Braham and Howells, 1948)

There are two other vaneties of edema that need hittle comment here be
cause of their ease of recogmtion and therr absence of connection with cardio-
vascular disease (1) local tissue edema associated with an mnfectious or fouc
process the commonest kind of edema of all and (2) angioneurotic edema
(Quincke 1882) also generally localized

Edema due to heart disease may be of any degree from slight edema of
the lungs or over ankles or shins developing after a derable length of
time 1 the standmg posttion to massive edema (called anasarca ase upon ot
throughout and oap, flesh) of much of the body 1n extreme cases even affect
ing the arms chest wall and face With extensne cardiac edema flud tends
to accumulate also n the penitoneal cavity (ascites) pleural cavities (hvdro-
thorax) especially the night where 1t appears earhier than in the left and even
m the pencard; (hydrog ardium) Edema of one side of the body (a5
of face arm chest abdommal wall or leg) may somettmes be more marked
than that of the other side 1t may be found that this 1s the effect of gravity the
patient having been Iying on that side of the body When however i an
ambulatory patient edema 1s confined fo one leg or 1s much more marked 1t
one Jeg than 1 the other local venous obstructton (or vasodilatatron) 15 the
probable cause Cardiac edema may be assoctated with some other type of
edema 1 the same case

Edema of the bramn 1s the result of infection hemorrhage infarction 07
toxic influences such as alcoholism 1ts occurrence n heart disease 1s nof
clearly recogruzed even when there 15 extenstve anasarca involving the upper
part of the body 1n the course of extensive congestsve heart failure Edema of
lungs may be found sn noncardiac patients as the result of infection nfare
ton nephrnitis or foxic state or as an unusual reflex to pleural trawma ot 0
central nervous system disease when of cardiac ongn it sesults from failure
of the left ventricle or from obstruction to the entrance of blood 1t the left
ventricle by marked stenosis of the mutral valve It is 1o be noted that pul
monary edema s due to left ventricular faure and not to nght ventricular
faslure 1n fact when night sentncular faidure follows fatture of the Jeft ven
tricle as often happens, congestion and edema of the Jungs decrease and some
times disappear entirely Edema of the hver and other abdomuoal and pelvie
viscera 3s commonly due to falure of the night ventricle or of the whole heart
1o marked tncuspid stenosis o to acute or chrome constrictive pertcarditis
Edera of heart and sheletal muscle 1s not common 1t has been noted m exten
swe general anasarca and m benben

Finally 1t 15 to be noted that bilateral prtting edema of the legs 1s much less
commonly due to heart failure than to other causes especially local venous
arrculatory fault even 1n cardiac patients themselves Much digitahs has bC"{;_
wastefully prescribed 1n such cases before careful appraisal of the heart itse]
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has demonstrated 1ts futithity n these patients of course heart farlure may by
chance eventually supervene and then digitalis may clear the new increment
of edema
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CHAPTER 5

PHYSICAL EXAMINATION OF THE
HEART ITSELF

INSPECTION PALPATION PERCUSSION AND AUSCULTATION

This chapter and the next along with Chapters 3 and 4 concern themsel
with the simplest and yet the most frustful methods of examnation requint
only the use of the voice the ears the eyes the fingers the stethoscope [i4
blood pressure mstrument and especially the intelligence all of which are ¢
once available to the practicing physician Time and effort supply the nece!
sary expenence

One 1s very prone n these days of the machine age to abandon the patief
traming and skilled use of the unaided senses Nowhere 1s this truer than I
the practice of medicine It has become rather too easy in hospitals or €€
1 the doctor s office to make a roentgen ray examunation of the heart am
to neglect mspection palpation and percussion But the senses of sight touch
and hearing unaided by mstruments except for the simple convemence of ¢

pe and of a sph are still well worth cultwvatin®
When the senses are ighly tramed and skillfully used they establish such ¢
Justified feeling of confidence that 1t 15 possible to obtain much mformatior
about heart size and shape even when the roentgen ray 1s not available and als¢
to secure other important data about the heart not shown by the roentgen 13y
as 1n the case of palpable thrlls and changes in heart sounds and the presenct
of murmurs which reveal much concerning the structural changes m the heart
and 1ts functional condition

INSPECTION AND PALPATION

The first important thing to attempt to do on examnation of the heart 18
to locate the posttion of the apex best done with the subject seated and the
thorax inclined shghtly forward This 1s possible in the great majornty of cases
farling only 1n a few obese or very sick pattents Both mspection and palpation
aid 1n this purpose but more especially palpation which by the use of the
trained fingers permits the identification of the maxtmal mmpulsc as the sit¢
of the cardiac apex Such identification 1s usually n agreement swithi 2 few

8
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malimeters w th the posttion of the apex as determned by orthodiagraphy
_ A measutement of the honzontal distance of the mavimal apex impul e from
the fudsternal line tangentially to the front of the chest 1s recorded n centi~
meters and compared to the position of the midclavicular  line which 15 2
vertieal hine dropped from a point halfway between the mudsternum and the
outer end of the left clavicle as noted below (Tgute {1) The position of
the cardiac apex should he m the feft fifth wtcreostal space in or to the
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T 11 Topographic relgtionships of the heart and great vessels The heart chambers

:’d blood vessels are shown 1n a distended state  (Corming J ehrbuch der topograpluschen
natome 1917 )
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night of the midelavicular kne 1n 2 normal adult situng or standing exce
m rare mstances when the heart may be displaced upward and a hitle ou
ward from great abd 1 dist as in pregnancy The average posito:
of the midclavicutar jine 1n the normat adult 1s 8 to 8, cm to the lefto
the mudsternum varying from 7 to 10 in the extremes of body sze v
maxunal apex impulse falls normally on this hne or 3, to 1 cm withn t
rasely when the thorax is long and the heart vertical in position so that it1
almost centrally placed in the chest the cardimc apex 1s fow often behit
the suxth nib or rarely 1 the sixth intercostal space and as much as 1%, 10}
cm medtal to the mudclavicular hine If 1t 1s beyond the mtdclavscular hne
the fifth space enlargement of the heart 1s to be diagnosed unless the heart &
displaced by fluid or aur 1n the right pleural cavity by a depressed stermum
or by retraction of the left Jung and pleura If the heart 1s displaced upwar
appreciably its apex tends to Le mn the fourth intercostal space or behmt
the fifth iib and may then be normally shghtly (% to 1 cm) beyond the md
clavicular hne In infants and very young children especially when they 2%
fat the apex tmpulse 1s normally often tn the fourth intercostal space !
beyond the mudclavicular line

Certain changes of body posttion and of the height of the diaphragm cause
considerable shifting of the position of the apex impulse when the heart s
normally frecly movable The three greatest shufts are produced as follows
{1} a change from the left to the oght lateral decubstus causes a shift of the

d and 1ts Tuding the heart lateraily, the cardiac apet
mmpulse moving often as much as 4 or § cm from left to nght, from o%
toward the anterior axilary Ine to a pomnt not far to the left of the sternv®,
such a shuft does not markedly affect the angle of either the anatomic 0 the
electric axis and so produces lttle change i the electrocardiogram which
1n part explans why such a test of change of position 15 of hitle value 11 the
diagnosis of adhesive pencarditis (2) A change 1 the height of the draphraght
produced readily by deep breathung alters appreciably the position of th
apex impulse both latecally and vertically from say a pomt in the midelane
ular kue underlymng the fifth rib to a pomt 1 to 1%, cm mside the md
clavicular hne underlying the sixth nb such a shift does markedty affect the
angle of both anatomc and electric axes of the heart and so produces usually
a strtking change 1m the electrocardiogram particutarly in Lead 3 (see Figre
4 page 33) (3) A change from the supine to the standutg position alters
somewhat the position of the apex impulse partly by straightemng out the
heart (that 1s in slight to moderate degree making 1t more vertical)y partly
by producing a rotation from left to nght and partly by causing 2 drop ©
the heart as a whole the result 1s somewhat ke that caused by deep nspua
tion but not so pronounced and more complicated 1 mechanism the effect on
the electrocardiogram 1s very vanable but usually not marhed (see Chap

ter 93
Finally 1t 1s to be noted that the mpple line 1s not a suitable guide to beart

size chiefly because of ts great vanation m distance from the mydsternum 18
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mdividuals of the same size (as much as 2 or 3 ¢m 1n extreme cases) but
also because as a rule its position 1s normally 1 to 2 cm beyond the site of the
cardiac apex
The major pulsatory movements of the thoracic wall which may be seen
and felt resulting from the action of an enlarged heart are often complcated
but their analysis may aid in elucidating the heart condition they have been
made the subject of a monograph by Dressler (1933 and 1937) A few major
pomts of mterest are the rocking movement of the thorax when the left
ventricle 1s very large and forceful the left thoracic wall moving outward
and the night mnward 1n systole and vice versa in drastole the forward thrust
of the antersor thoracic wall with retraction of both lateral walls 1 systole
when the night ventnicle 1s very large and strong together with a visible and
palpable forceful impulse 1n the region of the pulmonary artery 1n some such
cases when the chest wall 1s ntot too thick and an outward thrust of the right
chest wall 1 systole when the atria are markedly enlarged as in the case of
the occastonal huge left atrum found  advanced mutral valve disease and
of the Jarge night atnum 1n tricuspid valve disease the outthrust bemg due
not to atrial contraction but to the forceful ventnicular pulse transmitted
dureetly nto the atrium through the mcompetent valve These are more or
less major pulsatory movements 1n addinion to the apex unpulse 1tself When
the heart 15 much enlarged and 1ts action forceful the fifth and sixth nbs are
outwardly displaced at each heart beat
Two other pomts about cardiac pulsation are worthy of comment First
a very active heart whether enlarged or not will produce such a forceful
apex impulse that 1t 1s widely felt and may be musleading 1t 1s the maxmmal
point of this impulse or rather a few millimeters beyond but not 1ts furthest
Pomnt out that marks the position of the apex itself Second a systolic re
traction of the fourth and fifth ntercostal spaces Just to the left of the sternum
often well scen 1n a person with a thin chest wall 1s a normal occurrence when
the heart 15 not enlarged or when only the left ventricle 1s enlarged and 1t 1s
ot to be mterpreted as the result of pericardial adhesions 1t 15 due to the with
drawal of the nght ventricle from the chest wall when 1t contracts against
the left ventnicle which 1n turn contracts away from the region of the sternum
but thrusts 1ts apex up agamst the chest wall further to the left that s m or
beyond the midclavicular line dependig on the size of the left ventricle
Thrills The next observation to make 1n physical exammation of the heart
810 palpate the precordium for thrills which are often difficult to feel with the
Untramed hand unless they are very marked m degree exercise by increasing
Teart action and blood flow helps to make thrlls that are faint more evident
When a thnll 15 suspected and 1s not brought out by exercise 1t probably does
not exsst Thrills are rel rare ing a few only es-
Pecially the aortic systolic murmur of aortic stenosis and the mutral diastohc
Turmur of mitral stenosis  Valvular regurgitation produces thnills 1n only the
Tarest cases whether from aortic regurgitation mutral regurgitation or pul-
Monary regurgitation and then usually when the valve has an odd deformity
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such as everston or rupture of an aortic cusp or a rupture of mutral cusp ol
of chordae tendineae

A systolic thrill felt over the precordium but best 1n the second mtercostsl
space just to the right of the sternum (so-called aortic valve area) and
transmutted mnto (but not himted 1o} the vessels of the neck 1s due as 2 nile
to aortic or subaortic stenosts rarely to an aortic aneurysm, it 1s of mnterest
and mmportance that such a thrill mav be felt well also at the carduac apet
A systolic thnll, feit usually in a narrowly localized area in the second mter
costal space just to the Jeft of the sternum (so-caled pulmonary valve ares)
means 1 most mstances congenstal stenoss of the pulmonary valve or of fhe
mfundibulum of the nght ventricle rarely patency of the ductus arteross
or extreme dilatation of the pulmonary arterv A systohc thnll also sually
very limited n extent felt in the fourth ntercostal space Just to the left of
the sternum indicates as a rule the presence of an nterventricular septat
defect A dhastohe thrll middrastolic or presystohic m time felt m a small 2
at the cardiac apex and a httle toward the midsternum from the apex 18
charactenstic of a high degree of mutral stenosis but 1s also found 1n rare cases
of marked dilatation of the left ventricle with rapid bload flow (see Chapter
14) A continuous thrill rather rare felt i the second intercostal space just
to the left of the sternum is found 1n a few cases of patency of the ducti
arteriosus or to the right m the extremely rare nstances of right aortn arch
or dextrowardia plus patency of the ductus arteniosus such a thnll 15 abo
charactenstic of an arteriovenous communication (called aneurysm ) 2nf
where 1 the body

Frnally 1t should be noted that the search for thrills may be misleadin
for three important reasons (1) they may not be felt even in the presenc®
of loud and important murmurs as for eximple 1n some cases of aort
stenosis (2) they may be suspected when there ts actually nothing wrong
and (3) they may be felt in almost vmique cases where no murmur can be
heard due to the maudtbility of vibrations of very low pitch which are never
theless of importance

PERCUSSION

Before turning to the subject of cardiac auscultation later mn this chapter
I welcome the opportunity to say a few words about the much neglected and
often despised method of cardtac percussion (percutere to stnke) Percussion
of the heart 1s valuable 1n the first place because 1t ads in determuning heart
s1ze and shape when it 15 not posstble to carry out a roentgen ray study
a procedure that continues to be difficult or impossible 1 the case of quie 2
few patients Secondly 1t ss of help in occastonal cases when the ﬂF“:
mpulse 1s felt with difficulty or not at all And thirdly 1t serves as ‘:x ch ¢
on the accuracy of reports of ray Constderad! ""“é‘y
sng and expenence are necessary before one can properly rely on the nCC[“:‘nd
of cardiac percussion but such traimng and expenence are not difcult
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they are well worthwhile The method of percussion matters little that 15
whether direct immediate) or indirect (mediate) whether one uses the finger
or special mstrument as the pleximeter and whether a hard stroke or a gentle
stroke 15 employed (a Dight stroke 1s preferable when the chest wall 1s thin
and the heart near to 1ts surface and a heavier stroke when the chest wall 1s
thick or some emphysema of the lungs s present) The main point 1s to adept
a defimte techme and to stick to 1t until one becomes expert 1n 1ts use con

stantly companng at first the results obtained with the heart measurements by
orthodiagram  Percusston 1mvolves not only the sense of hearng but also
that of touch

Auenbrug er Leopold Inventum Novim Lx Percussione Thoracis Humam
Vienna 1761
From John Forbes English translation 1824
I The thorax of a healthy person sounds when struck
Il The sound thus eltcited from the healthy chest resembles the stifled sound
of 2 drum covered with a thick woollen cloth or other envelope
1t Over the space occupied by the heart the sound loses part of its usual
clearniess and becomes dull
IV The thorax ought to be struck slowly and gently with the pomnts of the
finers brought close together and at the same time extended
Scholum Robust and fat subjects require a stronger percussion such indeed
23 to ekt a degree of sound equal to that produced by 2 shight percussion 1 a
lean subject
X To be able justly to appreciate the value of the varous sounds ehicited
from the chest 1n cases of disease 1t 15 necessary to have learned by experience on
many subjects the modifications of sound general or parttal produced by the
habit of body natural conformation as to the scapulac mammae the heart the
capacity of the thorax the degree of fleshiness fatness and so forth
XLVI Signs of Hydropericardium The sound 1n the cardiac te
gon 15 now as d as 1if the p were applted to
a fleshy hmb
XLVII When the heart becomes so much distended by blood accumulated
In1ts aunicles and ventricles as to be unequal to propel forward its contents 1t
frequently becomes thereby enormously dilated This diatation has been called
Aneurism of the Heart
“The pathognomonic sign of this affection 1s the complete fleshy sound on per
Cussion existing over a constderable space 1n the region of the heart

In the course of ones palpation and percussion one may elicit an mm
Portant symptom namely precordial tenderness which 1 the absence of local
trauma or lesion of the chest wall itself 15 useful evidence of a high degree
of nervous sensitivity or fatigue as i cases of neurocirculatory asthema 1t 1s
found usually in the absence of heart disease (see Chapter 22)

1t 1s well to percuss first the cardiac apex beginning 1n the left axilla and
working toward the sternum One observes a pronounced change of note and
Tesistance when one reaches the apex (usually 7 to 9 cm to the left of the
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mudsternum 1n the pormal adult) and this pont agrees vathin a centtmetel
with that of the maximal apex impulse 1t tends to be a few millimeters furthes
to the left It 1s to be compared as s the site of the apex mmpulse with the
mudclavicular ine  Next 1t 1s best to percuss the left border of the heart
m the thuird and fourth ntercostal spaces an mcrease of heart stze toward
the left 1s usually made out readily and here agamn there 15 close ageeement
as a rule between percussion and orthodiagraphic measurements

Percusston dullness 1n the third 1 space to the left of the stemum
should not normally exceed one half the distance from midsternom 1o apet
(that 1s not more than 3}, to 44 cm according to the size of the mdrvidual)
1t often measures less If 1t does exceed this we have evidence of abnormali¥
1 heart size or shape or both It may be too far to the left even when the
apex 1mpulse 1s 1n the normal posttion such a finding 1s usually 1ndicatne
of mutral stenosis an atral septal defect or congemtal patency of the ductus
artertosus for the measurement records the size of the left atrum near X8
appendage and of the trunk of the pulmonary artery

The reason why the left border of the heart can be so well percussed 12
most cases 1s because 1t lies close to the antertor chest wall especially the
sitting and standing positions Obesity and pulmonary emphysema and rarely
widely transmutted abdominal tympany may nterfere with percusston of the
heart

We find a very different situation when we try to percuss the great vesstls
1n the first and second mtercostal spaces to left and right of the sternum and
under the upper sternum itself It 1s difficult or 1mpossible to outlme these
structures when they are normal and sometimes even when they are enlarg d
because of their small size, their distance from the antertor chest wall an

their p y to ary and lung apices Only when there 152
pronounced abnormality as in the ca<e of an aortic aneurysm does one find
by r to the night or left of the upper sternum

Iy It 1s g Iy ¢ to make a record that there 1s N0

P
abnormal duliness 1n the regton of the great vessels except 1 the mnfrequert
cases where there 1s such abnormal dullness rather than to attempt 10 4is
tinguish doubtful percussion borders The same 1s true of percusston of the
nght side of the heart m the attempt to outline the posiion of the border of
the night atrium, 1t 15 1y to percuss y this heart border be
cause of its distance from the anterror chest wall there bemg an efror of i
to 1% cm under the best of circumstances (the night border of the right atnum
1 the normal adult 1s usually about 4 ¢m to the nght of the mudsternum
while the dullness by percusston estends only 2 to 2% cm to the nght just
barely beyond the right edge of the sternum) Clearfy defined dullness 0 per
cussion 1n the third and fourth intercostal spaces more than a cenfrmeter 10
the night of the right edge of the sternum almost always means enlargement
of the heart m whole or in part or displacement of the heart to the nght ‘;i
a pencardial effuston rarely this may be found normally when the chest “2’_
1 very thin As a rule therefore it is convenient to say that there 15 N0 &
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normal dullness to the nght of the sternum when such s true rather than to
} gve which are leading as to actual heart size
Fimally we need no longer trouble with the old designations absolute
i and relative cardiac dullness  they serve no useful purpose

AUSCULTATION

Laennec R T H De Fauscultation mediate Panis 1819 Brief extracts translated
by myself
About three years ago 1 began the research the result of which [ am publish
ing today
Some physictans have tried to apply their ears to the precordial region n
these cases The heart beat percewved thus ssmultaneously by the senses of hearing
~ and of touch becomes more evident This method 15 however far from gving
 the results 1t would seem to promuse I have found 1t advised nowhere As un
comfortable for the physicizn as for the patient the method 1s so disagreeable
that 1t 15 practically of no use 1n the hospitals 1t 1s hardly to be suggested n the
case of most women and 1n some of them 1t cannot be employed at all because
of the size of the breasts
I was consulted 1n 1816 by a young woman who presented general symptoms
of heart disease and m whose case the application of the hand and percussion gave
Itile information because of her obesity Since the age and the sex of the patient
forbade my using the method of exammatton already described (that 1s tmmediate
auscultation) 1 happened to recall a well hnown acoustic phenomenon 1f one
applies the ear to one end of a beam one hears very distinctly a pm scratch at
the other end I thought that I could profit by thus physical property in the case
of the patrent under discussion I took a sheet of paper rolled it up tightly
applied one end of this cylinder on the precordial region and placing my ear
gamst the other end I was as surprised as pleased to hear the heart beat 1n a
Manner much more clear and distinct that I had ever done by applying the ear
Immediately to the chest
use at present a cylinder of wood pierced 1n its centre by a tube three lines

::):labr;leter and divided 1n the middle by a screw josnt in order to make 1t more
able

Auscultation of the heart (auscultare to listen) has become a time worn
method of examination and 1s considered by some to be old fashroned and
unworthy of especial attention but 1t remains today a source of vital 1n
formation about the heart and 1t has actually advanced 1n importance 1 the
tast two decades because of the better understanding of its findings Like
Percussion 1t demands careful tramng and long expenence for 1ts mastery
:“t the time spent on 1t 15 exceedingly worthwhile Because of our present
hf(l)l;wledge about heart sounds and murmurs even direct or immediate ausculta
mlror;my be practiced with far better success than i the days before Laennec
e l’fu‘cleld the stethoscope for mdtrect or mediate auscultation n 1819 but the
oo ¢ ear directly applied to the chest 1s clumsy and mconvenient and

S not allow the detection of the fine shades of tone and mtensity that 15
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possible by the use of a stethoscope The most useful instrument 15 biaur!
with two easily adjustable chest preces one a bell and the other a flat resontt
g chamber with diaphragm (Bowles chest piece) which have a somenkit
sclective action For physicians who are hard of heaning and for amphutheattt
chinies audion tube amplifiers are now available With earphone connectos
there 15 very little distortion of sounds and murmurs this method has prosed
to be well worthwhile in demonstrations to large groups dunng the pt
few years

Auscultation of the heart should be carned out at the cardiac apex (mi
valve arca) 1n the second mtercostal space just to the night of the stemu?
(aortic valve area) 1n the second intercostal space just to the Teft of the
sternum (pulmonary valve area) at the left of the mud and lower stern®
(septal and tricuspid valve areas) and n the left axilla Jung bases and neck
for transmusston of murmurs Both bell and Bowles chest preces shoutd &
used and if there 1s any possibility of mutral stenosis and the murmur thereol
15 not heard with the subject 1n the upright position 1t should be sought wih
the subject supine or lying on the left side and after exercise It 15 also worlh
while to listen routinely over the thoractc spine 1 a search for the continuous
murmur caused by coarctation of the aorta

An 1nteresting application of the prnciple of selective binaursl umn® o
sounds and murmurs to ascertain therwr ponts of ongin and derections of trans
mussion for example from cardrac base toward apex or vice versa has bee?
mtroduced and perfected by Kerr and his associates (1937) this acousti
principle 1s stmilar to the optic recogmition of distances and timing by inoculsf
perspective vision The mstrument devised for this purpose has been cali
the symballophone and can be used helpfully provided the hearing 15 eq?
in both ears (they should be accurately tested) and provided expenenct n
the use of the symballophone 1s ganed by practice mertia has delayed anf
general adoption of this innovation

Phonocardiography (abo called stethography i the past) the graphic ¢
cording of heart sounds and murmurs by electric reproduchion using e f
phone ampl and gal has gradually reached a good state @
development duning the past generation and can usefully supplement ﬂ’:
personal use of a stethoscope by a tramned observer especially 1 the exﬂc‘
timing of sounds and murmurs in problem cases Two difficulties have }*
to be elmnated the first that of the frequent additon of artifacts from
extraneous sounds or electric currents to the heart sound records and secor
that of the deq prod: of certam murmurs  especiai’
the fainter dastolic murmurs of low or high pitch However these difficultes
have been largely surmounted One additional benefit may eventually acerue
through this technical method of study namely extra anformation about & °
state of the heart from varations n tnaudible vibrations prcked up by the
apparatus but which have not as yet received adequate clinical analys®®
Classroom amplification of heart sounds and murmurs by the additrona
of a loud speaker needs further perfection

1 use
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1 There were pubhshed some years ago (Rappaport and Sprague 1941 and
+ 1942) two mteresting and valuable papers on the physiologic and physical
s laws that govern auscultatton and their chmcal applications with especial
« refl to ph d phy their T are worthy of direct quota-
. tion Thetr 1941 paper was summanzed as follows

) Rappaport Maurice B EE and Sprague Howard B M D  Physiologic and
Physical Laws that Govern Auscultation and Their Chinical Application  Am
HeartJ 1941 XXI 257

¢ “1 Tones of different periods of oscillation or frequency but of stmular 1n

tensity affect the human ear to different degrees The audiogram which 1s a graphic
Tepresentation of the threshold of audibility 1s 2 measurement of the degree to
which human heanng vanes with respect to the frequency of vibration of the
stmulus

“2 The mmmum change mn ntensity of a sound sumulus to which the human
€ar 15 capable of responding vanes with the general level of the sound as well as
with sis fr In the If y band as the freq 'y of the
stimulus 13 lowered a decidedly greater percentage vanation 1n ntensity 1s therefore
Tequired to produce the mimmum perceptible change

“3 Tbe human ear 1s a better detector of changes in frequency than of changes
I intensity A sound stimulus with a hugh sensation level requires less of z fre
Quency vaniation to produce mnimum susceptibility than does a sound stimulus of
2 lower sensation level Also the ear is somewhat less sensitive to frequency vana
tions at the lower end of the auscultatory frequency band than 1t 1s to vanations
1 the upper region

4 In the y fi band the f; of a stimulus may be
Varied rapidly over a considerable portion of an octave without detection by the ear

5 The auditory sensation produced by 2 complex sound may be decidedly
different 1n character as well as 1n itensity when the stimulating level 13 decreased
Orincreased even though no distortion 1s atroduced As a complex sound such as
3 murmur becomes more mtense the low pitched components appear more
Promunent to the observer

6 When a sound of comparatively high intensity immediately precedes a
sound of considerably lower mtensity masking of the sound of lower mtensity
may result,

7 There are many paths along which heart and chest sounds travel m the
human body tn order to ruach the surface As a result a large percentage of the
sound energy never reaches the surface because of viscosity elasticity  density
Spreading reflection and refraction losses

8 The entire anscultatory frequency band for heart sounds and murmurs les
below 1 000 cycles per second An of the lower fi limit of
beart sounds and murmur components puts 1t 1n the vicimty of 5 to 10 cycles per
second although 30 to 40 cycles per second 1s the lower limit of audibility

9 Acoustic stethoscopes may be classified as either monaural binaural or
ifferenyat Either the monaural or binaural stethoscope may be employed for
£eneral auscultatory purposes whereas the pes are
inst s for local and sounds

10 The open stethoscopic chest prece or bell when applied fo the patients

P




75 HEART DISEASE

chest may be constdered as a diaphragm type of chest piece The shin which s
bounded by the lip of the bell forms the diaphragm and the fleshy portron under
the shin acts as a damping medrum

11 The larger the diameter of the open stethoscopie chest piece the better tis
response to low pitched sounds Thes 1s accomplished at the expense of the hreber
frequency components

12 The greater the pressure with which the open stethoscopic chest prece i
apphed 1o the patients chest the better 13 the responsc of the stethoscope 10
higher frequency components Thus by varying the apphcation pressure the
physician exerts a variable filtertng action upon the sounds because the naturs}
penod of the skin diaphragm bounded by the chest piece depends on the apph.ation
pressure

13 Open stethoscopic chest pieces of various geometrical shapes have been
devised to improve the sound of the A bell
with 1ts interior shaped like 1 parabola has becn a favonte Such chest peces 11
vanably di the effi of the h because they micrease the
anternal volume of the chest prece

14 The only important d when d an open
chest piece is to keep its internal volume at a muimum and have 1t so shaped
that 1 the case of an obese patient or one with an melastic chest wall the bell
will not fill with flesh to such an extent as to decrease effectvely the drameter of
the enclosed diaphragm

15 The daphragm type of chest piece (Bowles type) which 15 commonly
used 1n 15 lly useful mn g fant hgh pitched sounds
‘When it 1s applied to a patients chest the principle of operation of the Bowles
chest piece 1s similar to that of the open bell except that addironal attentalion
of the lower prtched heart and chest sound comporncnts ts obtanable with the
Bowles chest prece and this prevents masking of the higher pitched componeas

16 1In the Bowles chest prece as m the open type of chest piece the 3if
volume should be made as small as possible 1n order 1o obtam maximunt effictenc/

17 Between 60 and 400 cycles per second which includes most of the ansculta
tory region fests show that the binaural method of auscultation through subbet
tubes 15 on an average 20 decibels better than the monaural method with the
ear directly applied to the stethoscope A 20 decibel difference 1s equivafent toa
tenfold increase 1 sound pressure at the ear drum Only between 850 apd 100‘[)
cycles per second 15 monaural or direct auscultation more efficient than brpaura
and this range 15 o0 high to be practically useful

18 The changes in the efficiency of an acoustic stethoscope which are caused
by varying the length of the tubing although they are not given any consideratson
by stethoscope users produce an effect upon the quality of sounds Tests show that
below 100 cycles per second the efficiency 1s not matenally affected by tubiop
fength Between 100 and 1000 cycles per second tubing length exerts 2 con
siderable effect that 15 the eff wat d tubmg length T
efficiency loss occurs 1n the region of the low intensity high pitched duastolic
murmurs and every possible 1ncrease in efficiency m thus region s of utmost vakay

19 Ip order to obtamn the most effictent tubing dimenstons one should make
the tubng as ghort as possible and compromise on the resistance and volume C;‘Uﬂn;
ponents The compromuse may be approached by ploting a graph RPH‘“"( c
efficiency versus volume effect and another representing efficiency Versus
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tional resistance effect where the two curves mtersect 1s the point of opumum
efficzency

20 For general clinteal use an electrical amplifying stethoscope must transmit
sounds to the observer with a quality and fidelity equal to that of the average
acoustic stetk pe A It of the freq 'y response characteristic of an
electrical stethoscope will definutely alter the quality and character of the sounds

21 An amplifying stethoscope 1s not pnimarily an instrument to be used for
making sounds many tumes louder than they can be heard with an acoustic
stethoscope The major advantage of the amphfying stethoscope over the acoustic
stethoscope 1s that 1t enables one to adjust the intensity to the desired level and
thus elmunate a number of modifying charactnistics pecultar to human hearing
which cannot be overcome with the acoustic stethoscope

22 When filters either electrical or acoustic are used with an amplifying
stethoscope  they should possess f response char 1sties simidar to
those of the various open and diaphragm chest preces

23 For teaching purposes a loud speaker may be wed in comjunction with
the amphfying hy The over all response of the loud speaker
2nd amphfying stethoscope must be identical with that of the average acoustic
stethoscope 1n order not to modify the quality and character of the sounds

24 1n order to maintain an identical and known relationship between sounds
as heard and as recorded the and must be
fed from the same source that 1s the same electrical pulsations which pass to the
audiophone are fed 1nto the galvanometer

The 1942 paper by Rappaport and Sprague was entitled The Graphic Reotstra
ton of the Normal Heart Sounds Am Hearr J 1942 XXII 591
1 When a patient 1s ausculted m the usual stethoscopic manner the observer
does not hear the cardiac vibrations as they actually exst at the source because of
three major forms of modification namely
a The heart sounds are altered mn their transmission from the source to
the surface of the chest
b The heart sounds that reach the surface of the chest are addionally
modified by the acoustic stethoscope and the type of chest prece employed
¢ The observer does not perceive the heart sound vibrations as they are
transmitted to the ears by the acoustic stethoscope
The three major forms of cardiac sound modification are related to ausculta
tion as follows
a The chest transmussional factor must be considered and handled as a
Vanable quantity
b Modification effects that are d by acoustic hy and
therr chest pleces may be made non variable No attempts at stethoscopic stand
ardization have as yet been made Until such standanzations are accomphshed
the stethoscopic factor must be considered as a variable quantity in auscultation
¢ Modification effects that are mtroduced by average normal heartng may
be considered as a constant quantity in auscultation with the condition that
Personal factors such as auscultatory experience fatigue surrounding nose
level ang thythmic concentration ability are omitted
n 3 The three major forms of cardiac sound modification that are encountered
auscultation may have the g rel to
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a In ph diography  as in the chest factor must &
considered as a vanable quantity

b The modification effects that are introduced by an acoustic stethoscop
and 1ts chest preces In I may be rep d perfectly by phooe-
cardiography

¢ The loganthmic type of medificanon that 1s introduced 1n auscultatios
by average normal hearing may also be reproducid by phonocardiography
4 Phonocardiographic registration mny therefore be consid red accordss

to the degree of modification introduced namely
a Linear ph d hy or the r of the sound wibranest

as they exsst on the surface of the chest
b Stethoscopic phonocardiography or the registration of the sound vibr
tions as they are transmutted to the ears by an average acoustic stethoscope.
¢ Loganthmic (human aud; hie) phe phy or the reasi
tion of sound vibrations as they are percerved by a competent obsener if e
persona) factors are omitted
S Linear steth and ! h d phy are directly related
to Each p ] phtc method 15 a repre of a defin®®
stage of sound transmussion 1 auscultation Deviations may be introduced by 1
phonocardiograph with frequency response characteristics other than hined
hoscopic or 1o, Such bear no direct relatonship 0 th¢
ltatory and d stages Therefore a phonocardio TP
with other than Iinear stethoscopic or loganthmic characteristics must be €08
sidered as either an apparatus of poor design or an expresston of the designers
personal opimien unless the deviation 1s based upon a natural constant
“6 The hnear phonocard his Ily an el sphyg h which
several adv. not to the segment capsule
or direct optical tvpe of sphygmograph
7 A hnear phonocardiogram when registered over the apex 1Is an 3¢t
cardiogram or apex b.at tracing
8 A chest piece was devised which makes possible simultaneous phoi®
cardiographic registrations over the same precordial area For example this d
chest prece s useful for stmultaneously registenng the apex beat and the stetho-
scoptc or loganthmic phonocardiogram at the apex Chmcally such simultaneots
remistrations may be useful m differenuating between the third heart sound 20
the opening snap of the mutral valve when the 1sometnc relaxation phase of the
Ieft ventncle 15 shortened by mutral reg 1) The apex 15 ako
useful 1n timing diastolic events 2s in venous pulse registration In some persons
1t 1s rather difficult to record the venous pulse 1n such cases the apex cardiopra®
may be registered instead
9 The first heart sound 1s composed of four components namely
a The first which 1s caused by residual vibrations of aurtcular ongin

b The sccond which s produced at the b of the 1sor y
traction phase of the cardiac cycle (closure of the mmtral and xncuspxc§ valves
valves

¢ The third which ts caused by the opentng of the sermilunar

d The fourth which ss caused by the acceleration of the blood 1 e

arenal vessels during the maximum ejectron phase of ventricular systole o
10 The hnear phonocardiograph is capable of remstening the first and fou
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components of the first heart sound efficiently but ts very inefficient 1o the regis
tration of the second and third components
11 The stethoscoptc phonocardiograph registers the first and fourth compo-
nents of the first heart sound with some attenuation but does not obliterate the
wibrations The second and third P are d d ly
“I2 The h d h obl the first and fourth com
ponents of the first heart sound of most normal persons and registers the second
and third components distinctly
“13 When a normal person 1s ausculted the observer rarely hears the first and
fourth components of the first heart sound the second and thurd components are
well heard 1 thrme heanng (s nd d bv 1 h
s for thus y d because of the greater relative attenua
ton of the Jow frequency first and fourth components than of the higber frequency
second and therd ganth of the first and fourth com
ponents 1s of sufficient magnitude to bring them below the level of human audibility
14 A simultaneous stethoscopic or loganthmic phonocardrogram and venous
pulse tracing may serve as a means of differentiating between a prolonged first
heart sound and a first heart sound which 1s followed by a short systohe muemur
In the Iatter 1nstance 1t extends beyond the ¢ wave peak
15 OQur observations indicate that the second normal heart sound may be
composed of four components namely
a The first which rep the b g of the diastolic fall
I pressure with ventricular relaxatron
b The second group of vibrations which are caused by the closure of
the 1 valves ( of v lar systole)
¢ The third group which are most Likely due to the arterial wall and
blood column vibrations An additional possible source of vibration i this
phase of the second heart sound may be the natural period wibration of the

chest wall which may coacervably be set 1nto oscillatton by the second compo-
nent

d The fourth component 1s caused by the operung of the mutral and
trcuspid valves
16 The loganthmic phonocardiogram almost always totally obliterates the
first tturd and fourth components of the second heart sound vibrations whereas
the stethoscopic and lmear ph di may show all four components
This indicates that no matter how competent an observer may be he can hear only
the second component of the second heart sound of a normal person because his
hearing 1y loganthmie

. 17 Althou, h the duration of the normal second heart sound 15 nearly equal
0 that of the first, auscultation makes the second sound appear shorter This 1s
explamed by the fact that normally two components are audible 1n the first heart

sound whereas only one 15 audible 1n the second heart sound
hh"zl For mauumum accuracy in all types of phonocardiographic analysis a
and ll)gamh;;;c;u capable of rezistenng the heart sounds inearly stethoscopicallv
y should be employed

o Thus 4t becomes evident that much of the discussion about phonocardi-
Eraphy in the clinc m the past has been unsound because of the failure to

e
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recognize the important differences between the vanous types of phonocarde
grams mentioned above namely the inear the stethoscopic and the losantt
muc which not nfrequently have been erroncously compared as if they vett
the same 1 detul Despite the importance of their distinetion 1t 15 possibk
that many of the vibrations that are 1naudible but that can be recorded may 18
therr vaniations eventually prove to have almost as much clintcal significance 2
the heart sounds and murmurs themselves this 15 for future studies to detef
mme Frgure 12 1llustrates two of the three types of phunocardxogmm-—slethcr
scopic and logarithmic—in the same case (see below}
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FI6 12 C of h and T
tespectively) taken at the cardiac apex in the same individual with loud systoltc mul Tl
1t 15 of interest to note in the stethoscope phonocardiogram the third and the ;m "
sourtds which are not audible to the human ear and are not shown mn the fogarith®”

also the d In the records of the murmur Is quitc obVIoY

{(kindness of Mr M A Rappaport Sanborn Company Cambnidge )}
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HEART SOUNDS

: There are normally three heart sounds but the third 1s often very fant or
even maudible The first sound Joudest at the apex 1s produced by closure of
the mutral and tricuspid valves plus an element of muscular contraction and
roughly marks the beginning of systole at its very beginning and merged with

. 1tisa very short presystolic phase due to atrial contraction which audible or

not s indistingshable from the first sound 1tself unless there 1s abnormal

lengthenuing of the interval between the atmal and ventncular contractions

The second sound usually loudest at the base m the pulmonary valve arca

1n children and young adults and in the aortic valve area in the middle aged

and elderly 1s produced by closure of the aortic and pulmonary valves roughly
marking the beginmung of diastole The third sound 1n the normal subject
heard as a rule best at the apex and thence halfway to the left sternal border
when 1t 15 andible at all 1s probably the result of the vibrahon of the ven

tricular walls and atrioventnicular valve cusps caused by the mrush of blood

In every diastole 1t 1s best heard 1n children after exercise and in the re

cumbent position It occurs early in diastole about 01 second after the

second sound The openng snap of the atnioventncular (chiefly the mitral)
valves if heard at all forms but a late part of the second sound or at most
reduplicates 1t 1t comes defimtely earlier than the tme of the third heart
sound

The heart sounds are proportionately increased 1n mntensity when the chest

Wallss thin and as the result of increase n blood flow by exercise excitement

Or certam drugs They are proportionately decreased by a thick chest wall

Pulmonary emphysema and a state of weakness prostration or shock
First heart sound The first sound 1s accentuated at the apex when the heart

action 1s forceful and the blood flow 1s rapid as normally after exercise or

© nt and ab: 1 thyro and 1n some cases of neurocircu
latory asthenta 1t 15 most accentuated i the presence of mutral stenosts with
forceful heart action It 15 not primanly accentuated at the base but 1t may be

50 at the lower end of the sternum in very rare cases of tricuspid stenosis
The first sound 1s drmumushed at the apex and secondanly at the base 1n the

Presence of great myocardial weakness and failure and temporanly when there

2 state of vasomotor shock approaching then the usually lesser Intensity

of the seccond sound at the apex 1t gives nise to tic tac rhythm Extreme weak

ness of the first heart sound 1s a bad sign
The first sound may be masked by a systolic murmur either at apex or base

The most complete obhteration of this sort 1s by the harsh systolic murmur of

A0TLC stenosis
The first sound at the apex may be delayed by the hemodynamic conditions

that exist 10 mutral stenosis occurring a perceptible anterval after the begin

mng of the apex 1mpulse itself (Cossio 1943)
Funally the fiest sound may be reduplicated such reduplication 1s best heard
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at the apex and results from either (1) an asynchrontsm of the closures of !
mtral and tnieuspid valves, due to asynchromsm of Jeft and right ventnen:
conttractions as w bundle branch block or to other cause of change m tf
mntraventnicular and 1ntra atnal pressure relations or (2) a delay 1 atex
ventricular conduction (first grade of heart block) whereby the atnal cot
traction sound precedes the first ventricular sound by a smalt fraction of
secand

Second heart sound The second sound 1s not primanly accentuated ¢
dummshed at the apex Mts accentuation at the aortic valve area with th
subject at rest 1s commouest in cases of systumuc hypertension  espectal
hyperpresta but 1t 1s occastonally louder than normal and metallic 1a charadlt
when there 1s dilatation of the aorta n syphilitic aortitis and with marke
artertosclerosts Accentuation of the second sound in the pulmonary valve are
may be normailv produced by exercise and by deep exprration pamculaﬂyl
the subject 1s supmne 1f 1t 15 accentuated vith the subject at rest and breathir;
quuetly 1t 1s a sign of pulmonary hy pertension due most commonly to weakaes
and farlure of the left ventricle occasionally to mutral stenosis and rarely &
acute or chronic obstruction mn the pulmonary circulation atsell (as m ]
acute and chronic cor pulmonate~—see Chapter 20) or 1o congemial defects
especrally an atrial septal defect A pomnt of great importance 1s the relation
shup between the mtenstty of the aortic and pulmonary second sounds In a9
older person and 1n a pattent with systentie hypertension without heart {wlure
the aortic second sound ts greater than the pulmonary second sound When 12
such individuals the sounds become equal 1n intensity or the pulmonary second
sound becomes the louder we have evidence of pulmonary hypertension this
1n the case of systemic hypertenston means weakness and fatlure of the Teft
ventricle Recovery from the heart fatlure 1s attended by a return of the mtersty
of the pulmonary second sound to a level below that of the aortic second
sound

The second sound 1s prumanly decreased 1n intensity to an important degieé
chiefly at the aartic valve area Thus 1s found parnicularly with aortic stenosis
when the sound may be entrely absent and temporanly with a st
vasomotor shock With congerutal pulmonary valve stenosis the pulmonary
second <ound may be much dimumshed or rarely absent It 1s to be obserc
however that the second sound heard at etther aortie or pulmonary vabve atd
may be transnutted to that pomnt from the other side of the sternum thus fact
has been mnadequately recogmzed and noted

The second sound may be rmasked by a doud early diastolic murmur ab the
aortic valve area and along the left border of the sternum 1 occastonal €ases
of marked aortic regurgitation

Reduphcation of the second heart sound 1s maximal at the base and 18 '5(“:
1o asynchronous closure of the aortic and pulmonary valves as xhc‘rcsuli ones
disturbed balance of blood pressure rel between the Cﬂ“!‘ o
on the one hand and the aorta and pulmonary artery on the other ha;(\ R
of asynchranous contraction of the ventncles as tn bundie branch blocl
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duplication of the pulmonary second sound 1s quite common and like the
pulmonary systolic murmur may be produced in the normal mdwvidual by
deep expiration 1n the supme position When well marked with the subject
atrest it 1s like accentuation of the pulmonary second sound suggestive of
mutral stenosis The opening snap of the mutral valve if accentvated may
reduplicate the second sound at the cardiac apex

Third heart sound Accentuation of the third sound or the appearance of
an extra sound early m dastole (Figure 13) may be caused 1n shght degree by

Tst

Atr xul Murmur Amul Murmur A'ﬁ'“' Murmur A'ﬂ'“'

Diastole Syslole Diastole  Systole Diastole  Systol Dms'cle

T m:i
REEEER H REL BE

i!i!i El“ il a0
il ;;E!.i LT

mrm 13 Stethoscopic phonocardsograms showing m 4 with normal P R mterval
I“;mal occurrence of first sccond third and atrial sounds (and a systolic murmur)
o u‘m B with prolongation of the P R interval in the same case the supenimposition

"1d and atrral sounds to give a summation effect (Rundness of Mr M A, Rappa
Pot, Sanborn Company Cambridge )

B

exereise. when marked it 1s the result of one of three underlymg causes (1)
‘[;::t commonly dilatation of ether ventncle (2) mutral stenosis or (3)
W“h)' In atnoventnicular conduction so that the atnal contraction sound fallg

1t 0 remnforce 1t When the third or extra dastohic sound 1s loud there "
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1s usually a palpable or even wistble extra cardtac impulse accompanying .
Infrequently one hears an extra sound in systole a snap or twang shory
after the first sound and heard best at the cardiac apex It 1s a curtostty of
academic mterest only being found as a rule 1n healthy ndviduals without
heart disease three cases showing this anomaly and diagnosed correctly anté
mortem were reported by Huchard (1893) to have had anomalous chorda
d) that were undoubtedly the cause of the extra sound an mstance of
iterposiiion of the atnial contraction m the midsystolic phase has also bees
noted (Hinohara 1941)

Gallop rhythm Gallop rhythm 1s the descriptive term that has been apphed
to the auscultatory finding of a well heard extra sound whether i systole
or diastole when the heart rate 1s rather fast, that 1s 100 or more Its signif
cance 1s mdicated by the factors responsible for the extra sound as outhred
above
Gallop rhythm 1s often hard to time but usually st 1s easy to cistnguish
between the systolic and diastolic varieties The former 1s rare the latter 5
common In tum diastolic gallop rhythm s divided when possible Mo
protodiastolic and presystolic mm timung  but often 1t 15 impossible even wuth
graphic records 1n the p of d tachycardia to decide whul:
1s which and one has then to be content with the sumple designation drastobic

Protodiastolic gallop thythm that 1s the kind with the Joud third sound
early 1n diastole 1f 1t can be so tmed when located at the cardiac apex
usually a serious sign since left ventricular dilatation 1s the commonest 8¢
compamment of marked accentuation of the third sound A protodtastoh®
gallop rhythm may be heard best at or be ltnuted to the precordium Just 10 the
Jeft of the mud or lower sternum m such cases great right ventricular sirit
1s usually very evident and the galiop 1s probably the result of difatation of
the nght ventricle

A presystohc gallop 1s less serious than a protodiastohic galfop 1t 15 fourd
when there 15 shght delav 1n atrioventricular conduction or mn certam €asés
with very forceful atnal contraction (in chronic hypertension for example}

A systole gallop 15 of no chnical importance although it may be present 18
heart disease

In rarc cases four heart sounds are heard with each heart cycle the first
second, and third sounds and a presystolic sound (produced by atrial systole}

Atnal sounds Atrial contraction when forceful produces a sound ot v¢R
2 double sound which ordinartly forms a part of and 1s buried mn the regulaf
first sound of the heart when there 1s delayed conduction or high grade heart
block the atrial sound may be faintly audible at the feft border of the sternu
or at the apex best heard with the bell and with the subject supine (Figure
14) de
There are two other pomts of special interest about heart sounds that
serve mention Onc of the cunous phenomena 1 medical observation doubt
less dating back to the ecarhest days of mankmd many centunes bd;‘:
auscultation either medeate or immediate 15 the occasional audsbility of
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heartbeat at a distance sometimes with the ear but a few mches from the chest
walt and sometimes across a wide room One cause of such audibility s left

I another 1s pn pericard and a thid 1s intracardiac
and apparently due to rupture of valve cusp chorda or lax infarcted paptilars
muscle which allows the mitral valve to slap shut with great suddenness
Change of body posttion and of breathirg may greatly affect the degree of
audibility

The other pomnt concerns the vartation in time interval that may occur even

FIG 14 Phonocardiogram (upper tracing) showing double atrial sounds in com
Plete heart block ElI tak 1s shown below Time tater

en
Val=1/30 second (Lewrs Lectures on the Heart handness of Paut B Hoeber Inc
New York )

In successive beats between the electric and acoustic records of the hearts
action as has been pointed out 1n two cases of atnal fibnllation (Lutsada
1941) the interval was longer after a short diastole

VASCULAR SOUNDS

In the great vessels at the base of the heart and extending imnto the neck
and below the clavicles sounds may be heard which are transmutted from the
heart Over the jugular veins especially over the nght sided ugular bulb three
sounds may be faintly heard 1f the pulsation there 1s vigorous and atnal con
lraction active These three sounds comcide with the three chief waves nor
:‘:UY Seen in the jugular pulse the so called @ ¢ and v waves The first 1s
cf!: 10 atnal contraction and the other two sounds are undoubtedly the result

tansmission of the wsual first and second sounds from the heart Other
:Vlse the only vascular sound (not murmur) that 1s audible 1s that found over
Ty large artery when 1t 1s compressed Under certain conditions no com
guf:sstlon 1s needed to hear this artenial sound occurring with the pulse and
reg“r(’l‘he sudden tension of the arterral wall these conditions are aortic
oth ilfall}l]on and niarked peripheral vasodilatation with vigorous heart action
ae ese conditions bemng responsible for the relative emptiness of the

T¢s at the end of diastole when the next pulse comes through Under such
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conditions with compresston (or even without 1t) the sound heard over tht
greater artertes as over the femoral artery at the grom may be very shap
and has been called the arterial pistol shot sound

Finally mention may be made of fetal heart sounds which undoubtedy
were heard with the ear appled to the abdomimal wall Jong before stethe
scopes were mvented They are usually famt and so raptd that it may &
difficult to distinguish between the first and second heart sounds They ¢
generally well heard with the bell recerver attached to the bmaural stethoscop
Disturbances of rhythm and rate of temporary stgmficance may be noted and
rarely murmurs or arrhythmia of permanent importance such as congentd
heart block may be found Luttle study has as yet been directed to the post
bility of diagnosing heart disease from fetal heart sounds although occasiond!
fetal ph d have been d

CARDIOVASCULAR MURMURS

Cardiovascular murmurs like thrlls are produced by the vibration of the
valves and walls of the heart and great vessels resulting from the rush o
blood from a passage of relatively narrow caliber to one of much greatef
caliber, and by the vibration of a torn or everted valse cusp or of some trssue
floating 1n the blood stream one end of which tissue 1s fixed to valse OF 10
heart or vessel wail and quite hikely by the effect of certain forceful eddies of
the blood 1 1ts course through the heart Considening the sinuous cours® ol
the blood stream 1t 1s surprising that murmurs are not routinely found over @
hearts whether normal or not rather than that they occur 1 only a ceridit
number under basal condrtions

Speed of blood flow 15 the most smportant modifying factor If the flow »»
fast the murmur will be louder if the flow ts slow the murmur will becom®
famnter and if the flow 1s very slow the murmur may disappear altogethef
External modifying factors as in the case of heart sounds are common thest
snclude obesity and emphysema which diminish the loudness of the murmus
and I which therr loud, In children murmurs 21¢ mD‘;
easily heard than 1n adults The of n diection “;‘d
extent depends partly on the Ioudness of the murmur partly on muscular @
bony conduction i contrast to the damping action of air flmd and fat an
partly on the of flow of the resp ble blood stream .

Certam other observations about murmurs are of mmportance before dll
cussing the mdvidual types Narrowing of a stream of blood without a meI)l'
abrupt difatation of the caliber of the contaiming vessel or chamber further o
does not cause murmurs Roughenmng of the surface of the walls of heart b
blood vessels does not cause murmurs unless there are appreciable pro;ccll:cn
or torn fragments to vibrate 1n the blood stream It 1s the relationt bcl:«m‘
the calibers of two adjoiming parts of the heart or blood vessels and 1;0 o
absolute size of the cahber of esther that determnes the production Z :rzr
murs For example there may be a loud systohic murmur sn the secor Il
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costal space close to the sternum if the aorta 1s dilated even though the aortic
valve 1s normal just as there may be if the aortic valve 1s stenosed and the
aorta of normal caliber Also even though the mutral valve 15 normal there
may be an apical diastolic rumble if well marked dilatation of the left ven-
tncular cavity (with or without aortic regurgitation) 1s present just as there
may be if the mutral valve 1s stenosed and the left ventricular chamber 1s of
normal size The combination of the two factors in either case thatis valvular
stenosis and dilatation of aorta or of left ventnicular cavity favors an mcrease
nthe murmur which may be caused by erther factor alone

Heart murmurs may be temporary and due to relatively ummportant func
tional disturbances It 1s of great importance to recogmze and remember that
most systolic murmurs do not indicate the presence of any structural or
orgame  heart disease Nevertheless serious diagnoses and bad prognoses
have frequently been made largely on the basts of such murmurs On the other
hand 1t should be recognrzed that even shght systolic murmurs except 1 the
pulmonary valve area may be abnormal they demand study as to their cause
Often they are found to be ummportant functional murmurs but frequently
they are evidence of the presence of some 1mportant or serious disease acting,
on the arculatory apparatus even though there be no heart disease itself
These facts require the application of study and common sense to the inter-
Ppretation of murmurs and avoidance of the extreme views with overemphasis
and underemphasis which have held sway dunng the swimng of the pendulum
I the past generation

At this pomt I would like to urge a revision of the nomenclature of heart
mormurs - foll 4 published by Adams Craib and myself
(1942) The old time worn phrases functional and orgamc as appled to
murmurs are highly unsatisfactory for important reasons 1n each case  Func
tonal has been used equally to sigmify physiologic and pathologic and even
when 1tg mterpretation 1s the latter there 1s no separation as to extracardiac
Or intracardiac causation  Orgamic  has been m the past hmited to structural
d formity of a valve even though there may be present much more serious
Orgame disease of the heart than valvular deformity to cause a murmur which
has been Jabeled functional  Also 1t 1s often mmpossible to decide at first at
least whether valyular deformuty or cardiac chlatation without valvular disease
18 responsible for a murmur even though 1t 1s obviously pathologic Therefore
We recommend that the terms functional and organic as apphed to mur

murs be dropped and the d ph; gic and p used
Instead with proper subdivision of the latter mnto extracardiac causation as
from anemia and d as from ! involvement
(theumatic d d or myocardial failure) on

the one hand and valvular deformuty (with stenosts regurgitation or both)
on the other There may of course be multiple causes for pathologic murmurs
Inthe same case And in those cases in which we cannot tell whether a murmur
s Physiologic or pathologic we should so indicate

Furthermore 1t 15 of great tmportance to realize that senous heart disease
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(or other discases) may be present in the absence of all heart murmurs, ad
even with normal heart sounds 1n some cases Hypertensue heart disease cor
genital heart disease the thyroid heart syphilitic aorttis and serious coronafy
disease with or without angina pectons may be unattended by heart murmur
Moreover some condittons while shight 1n extent gne nise to marked mumus
and when greater m degree they become murmurless This may be itiustr d
by three mstances If mitral regurgitation  functional or organic 15 shilf
m degree with foreeful heart action there 1s likely to be a loud apical systoe
murmur due to the small aperture 1f this mitral regurgitatron becomes 37
extensive with a very large aperture between ventnicle and atrium no mumd
at all may be found even though the condition 1s much worse If a coneentd
defect of the ventricular septum 1s small as ss the rule a Joud s)stohe murm¥
with thiil charactenstre of the condition results but 1f the defect 1s so exeme
that the septum 1s whoily lackeng or only rudumentary there Is no resultant
murmur at all while the defect 1s of course far more serious These facts 2
eastly explawed by the first comments made above about murmurs A
example 15 In the case of stenosis of aortic or mutral valve with well marked
murmur when heart fuilure of senious degree sets in this murmur decreasts
n intenstty and may even disappear i rare cases, moreover the presystol
phase of the mitral drstoltc murmui disyppears when atrral fibnllanon ™
places normal rhythm
The ntensity of heart murmurs may be very sumply and adequately &
pressed by gradation as follows very shght slight moderate loud and ver)
loud This classtfication may be expressed by the terms grade 1 grade 2 grade
3 grade 4 and grade 5 a very useful procedure as advised by Levine 1933
In addition to notation of the intensity of heart murmurs there should alwas
be a statement as to their exact tming character (blowing rumbling low of
high pitched etc ) locatton and transmussion The terms constant” 80l
inconstant  have no value as applhed to heart murmurs to distinguish betweed
pathologic and phystologic types, since some of the former are wnconstant an
many of the latter are constant
As 15 the case with heart sounds so on rare gccasions \ery 1nfense heart
murmurs may be heard without a stethoscope and with the ear at some distanct
from the chest wall even the width of a room Such murmurs etther systobe
or duastolic 1 time are 1 the mam very loud and high pitched and are 4¢
to unusual valve deformities, espeaally rupture of cusps or chordae tendmea:{
Finally 1t 15 to be noted that all murmurs heard over the heart ar® n:
intracardiac 1n ongin some are due to the movement of air m the Jung> asd ‘;
mechanscl result of cardrac contraction or to the rubbing togesher of pleur®
or of penicardral surfaces even though umnflamed s
Systolic murmurs 1 At the cardiac apex (Figure 12 page 80y The s)‘
tolic murmur heard at the apex of the heart 15 commonly blowing 1o tharm;
of moderately high pitch but not as a rule musical beginmming, with or ‘m"tl‘zhl
ately following the first sound and varymng from very short i fength and ¢ 'u .
1n antensity so that 1t 1s Just recogmzable as a murmur rather than as an 1mp
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: or slurred first sound to a very long and loud murmur filling all of systole
* ‘The louder this murmur the wider 1s the area over which 1t may be heard
Transmussion of this murmur to a distance 1s largely based on the two factors
of loudness of murmur and nearness of heart to stethoscope as 1s true 1n the
case of most murmurs An apical systohe murmur therefore which 1s trans
muited to the left axilla toward the base of the heart or back of the chest
15 10 the main 2 loud murmur Ths type of apical systolic murmur 15 due to
- systolic regurgitation of blood through the mutral valve from ventricle 1nto
atrum This regurgitation may be the result of organic disease (deformity) of
the mitral valve usually rheumatic 1n origin but this 1s the rarest of the three
usual causes It 1s more commonly due to orgamc disense of the heart with
dilatation without any deformuty of the mutral valve But 1t 1s most commonly
due to some condition elsewhere 1n the body which acts by causing a tem-
porary or permanent dilatation of the heart without any real organic cardiac
disease or mitral valve deformity such a condition may be either physiologic
(f temporary) as after exercise m a rapidly growmg child or pathologic as
m severe anemia When cardiac dilatation 1s the cause of the mutral regurgt
tation and murmur there are two factors to blame the relative importance of
which 1t 1s difficult to judge The ring of attachment of the mitral valve may
be stretched so that the valve no longer fits tightly or the ventricular dilatation
by displacing the papillary muscles downward and outward may prevent the
¢hordae tendineac from stretching sufficiently to allow the valve cusps wholly
toclose Furthermore 1t 1s concervable that some valves which are ongially
less perfectly constructed leak with very little provocation In the case of a de
formed mutral valve 1t 15 the shortening and fusion of the chordae tendineae
due to mflammation and cicatrization as well as the defects of the cusps them-
selves that allow the tegurgitation of the blood stream
1815 nat rare for more than one of the three conditions named above cavsing
mitral regurgitation to be present 1 the same case as for example coronary
heart disease with cardiac weakness and dilatation aggravated by severe
anenma
Another known cawse for an apical systohc murmur besides mutral re
Burgitation 1s transmussion of a systolic murmur from the base or from under
e lower sternal region such as occurs commonly 1n cases of aortic stenosis
or dilatation and rarely 1n cases of interventricular septal defect or pulmonary
Stenosis Such a transmutted murmur heard at the apex but maximal elsewhere
3 far rarer than a systolic murmur maximal and ongnating at or near the
2pex Uncommonly the harsh systolic murmur of aortic stenosis 1s better heard
at the apex than at the aortic valve area wtself A point of much value chmeally
I distinguishing between the systolic murmurs of mutral regurgitation and of
2ortic stenosis but relattvely shghtly known or emphasized 1s that a Joud
:Plcal systolic murmur due to mitral regurgitation 1s well heard m the lung
'ases 1n the back but poorly at the base of the heart or in the neck while the
3othic systolic murmur 15 poorly heard over the lung bases and well 1n the
Reck and at the cardiac apex
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Tmally a systolse murmur at the apex 1s 1n a few cases obviously due to the
movement of a1t 1n and out of adjacent or overlying Jung tissue caused by the
mechanical action of the heartbeat itself or to pericardial or pleural rubbig
Cardiac systole may compress lung tissue especrally of 1t 15 fixed over the
heart at the apex and squeeze air out or 1t may cause a suction of air mie
lung tissue which had been compressed by the heart in diastole It 1s generally
but perhaps not always possible to differenttate this so called respiratery
systolic murmur from systohc murmurs of tracardiac onigin the respiratery
character and particularly 1t vartations in different positions of the body and
in different phases of respiration (1n one of which espectally full inspurattor
1t may disappear entirely) and the relative constancy and quahty of the it
cardiac murmur usually distingutsh between the two Sometimes rales also 2
produced 1n the lungs by the action of the heart causing movement of af
back and forth through moisture 1 the bronchioles this association of rake
production with heart action may help to explain respiratory murmurs present
1 the same case The most common form of cogwheel respiration s respifa
tion punctuated by frequent respiratory murmurs due to the heart s contraction.

1t has been shown that the rubbing together of uminfiamed percardial of
Pleural surfaces can produce murmurs mostly systolic but sometimes duastole
{Ortiz 1933) Almost certainly some of the extracardrac murmurs he:
chimically are of this origm

There may be other causes for the apical systohc murmur which we do 1%t
yet know but certam old terms hke hemic and accidental should be
onutted Anemia malnutrtion and mnfectrons act by causing cardiac difatatio?
and speeding up the blood flow and so produce pathologte murmurs of extr3
cardiac ongin

The tune mtensity and character of an apral systobic murmur 2ad evel
the presence of a palpable thnll do not show whether or not the valie ¥
damaged though the loudest murmurs mashing the first sound and accom
panied by thnills are more often found with valvular disease than without ¥
When chrome rheymatic heart disease 1s present with matral stenosis the
mutral valve lesion may be considered chiefly responsible for the regurgtant
murmur and sometimes 1 young chddren with a istory of recovery from
rheumatic fever mutral valve disease may be considered responsible for €08
stant loud apical systolic murmuss even before mitral drastolic murmurs have
developed However 1s 1s very tmportant to note that durmg the acute or

1 without p B attacks both systohe

and diastolic murmurs ongating at the mutral vahe are the result of Jeft
lar d dary to the myocardial imolvement and not ¥

mutral valve deformity which takes in all probability at Jeast a vear and more
likely two or three to become established sufficiently to cause murmurs (see
Chapters 14 and 26} As

A word shoald be added about the tume of the apreal systole murmut
o rule the murmur begns early in systole and continues much of the “:3;
through 1f 1t fills systole it 1s sometimes called halosystolic The louder 2
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harsher the murmur the more hikely 1t 1s to mask not really to replace the
first sound In a few cases 1t begms at an appreciable interval after the first
sound or even 1n mud or m late systole such a late murmur 1s more likely to
be of respiratory than of intracardiac ongmn but it may be due to the slow
yielding 1n systole of a weak mutral valve ring
2 Atthe base Asin the case of heart sounds there 1s a distinction between
systohic murmurs heard n the second intercostal space just to the nght of
the sternum and mn the same space just to the left of the sternum For the
sake of convemence these regions have been called the aortic and pulmonary
velve areas respectively and they will be so considered here
(a) Aortic area There are four chief causes for systolhic murmurs heard at
the aortic area They are (1) dulatation of the aorta without aneurysm (2)
aortic and subaortic stenosis (3) aortic aneurysm (4) transmusston of a
Systolic murmur from pulmonary area from md or lower sternum or even
from the apex ‘The commonest cause of an aortic systolic murmur 1s simple
dilatation of the aorta whether due to chromc hypertension the dynamie
effect of aortic regurgitation arteriosclerosts or syphilitic aortins Upward
Pressure on heart and great vessels by high diaphragm as mn extreme obesity
favors the production of an aortic murmur 1n such cases hrypertension 1s also
frequently present A very important and not mfrequent cause of an aortic
systolic murmur 15 aortic stenosis which 1s most commonly of rheumatic or
unknown ongm rarely due to congenutal subaortic or aortic rng stenosis and
it more than shight degree only occasionally the result pumarily of calcareous
disease alth Ieafi 1s often superimposed on an already damaged
aortic valve to ncrease the degree of its stenosis 1 the more chronc cases In
the case of congemtal subaortic stenosis that 1s of stenosts of the mfundib
ulum or outflow tract of the left ventricle the loud rough systolic murmur
may be better heard mn the third night intercostal space or even over the
sternum 1tself than mn the second space A murmur transmutted to the aortic
area from elsewhere 15 not rare One of the least common causes of an aortic
systolic murmur 1s a saceular aneurysm usually of the ascending aorta or a
dissecting aneurysm of the thoracic aorta
€ aortie systolic murmur 1s generally blowing m character except 1n aortic
Stenosis when 1t 1s harsh and rough It varies in intensity from shght to very
loud the latter ntensity usually indicating aortic stenosts 1 which conditton
the murmur may be so mtense that 1t 1s heard all over the chest neck and
head and even 1n rare cases with the naked ear a few inches from the chest
wall The aortic systohic murmur tends to be transmutted often m its fullest
intensity to the cardiac apex 1tself along the larger arteries and bones 1nto
the neck shoulders arms and back (especially down the spme) and even
along the abdomumnal aorta the louder 1t 15 the further 1t 1 transmutted With
2 very loud murmur there 55 usually a palpable thnll most marked when the
l;llurmur 1s especially rough as 1s often the case with zortic stenosis The time
Iou(:ln:ﬂ of the murmur ;s almost mvarably very early and if the murmur 1s
nd harsh it commonly masks the first sound completely The duration
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of the murmur 1s somewhat vanable but usually extends throughout systele
and 1 the case of aortic stenosis 1t 1s frequently followed by no second sound
at all

(b) Pulmonary area A systolic murmur at the pulmonary valve area i
often found 1t 1s the commonest of all heart murmurs and if 1t 15 absent Wi
the subject n the upright positton 1t can usually be brought out n the normd
mdividual as well as in the cardiac patient by the assumption of the supimn¢
position especially i full expiration Therefore the pulmonary systolic muf
mur may be considered to be a normal physiologic event unless of consderable
ntensity m the upnght posiion even then 1t should be analyzed carefully
before bemg called abnormal The mechamsm of this physiologic murmer &
not known but 1t 15 probably associated with a dilatation of the pulmonity
artery under 1ncreased pulmonary pressure as in full expiration (or best 1
the Valsalva expertment which 1s an attempted forced expsration with the
glotus closed) or with a kinking of the artery by change m posttion 0f with
other factors which may Jead to This physiologsc pulmonary systol®
murmur 15 blowing 1n character begins early 1n systole but does not mask
the first sound extends through most of systole s as a rule not widely 1rem
mutted and 1s d frequently with or reduphcation of the
pulmonary second sound phystologrcally produced 1n a stoular way

Pathologic dilatation of the pulmonary artery 1s a much less common but
far more important cause of a blowing pulmonary systolic murmur (of va©y
g intensity) than 15 temporary physiologic dilatation The causes of ths
pathologic dilatation are (1) pulmonary hypertenstion most commonly dve
to farlure of the left ventricle but also to mtral stenosts and certain congenta!
anomalies serious chromc pulmonary fibrosis and emphysema and the
rare pulmonary endartertis (2) thyrotoxicosis which greatly 1ncreases the
pulmonary blood flow and so dilates the pulmonary artery and (3) raré
congenital defects especially an atrial septal defect with resultant flooding ©
the pulmonary circulation (see Chapter 13) Here as 1n the case of the Physh
ologic increase of pressure in the pulmonary circulation the pulmonary secon
sound 1s often markedly accentuated and may in rare cases be followed by 2
blowng diastoltc murmur which 1s discussed later m this chapter

Other causes of a pulmonary systolic murmur are rather rare though 11
portant Congemital pulmonary stenosis Is as a rule but not always accomd
pamied by a loud harsh systolic murmur usually masking the first sound an
by a palpable thrill Both murmur and thnll are maximal in the second left
interspace near the sternum  sometimes a Lttle higher (second mb) 3%
sometimes 1f the nfundibulum of the nght ventricle and not the pulmonan
valve 1s stenosed a little lower (third nb or third interspace) Such a differ
ence 1 site of the maximal murmur and thnll may pot however mean *;
difference 1n pathologic state The character time relations and ntensity 0
the murmur resemble those of aortic stenosis but the positions differ and "'Ic
pulmonary stenosis murmur 1s not so widely transmitted 1t 1s sometines lDCf’“
1zed to a smalf area only 2 or 3 cm i drameter but 1t 1s usually very we
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heard 1n the lung bases behind Patency of the ductus artenosus particularly
mnfants may cause a moderate blowing pulmonary systolic murmur, not so
intense as that of pulmonary stenosts and alone not to be interpreted as evt
dence of such patency A patent ductus artenosus can be diagnosed by auscul
tatton however only if there 1s a conttnuous humming top murmur
Aneurysm of the aortic arch or descending aorta may cause rarely a systolic
murmur m the pulmonary area as may also the occasional congenital coarcta
tion of the aorta if well marked and the extremely rare true ancurysms of the
pulmonary artery itself Finally systohc murmurs from other regions espe-
cually from the aortic area may be transmuitted to the pulmonary area The fact
that the very loud systohe murmurs and pronounced systoltc thnlls of both
aoftic stenosts and pulmonary stenosis are sometimes percenved almost equally
vell on both sides of the sternum  or even best over the sternum 1tself makes
the differentiation of these two conditions by auscultation alone at tunes diffi
cult or even impossible the best differentiation by auscultation 1s by the
transoussion of the murmurs that of aortic stenosis being widely and loudh
transmitted except to the lung bases where 1t 1s heard only fantly, and that of
pulmonary stenosis bemng transmtted not far except to the lung bases

3 Elsenhere over the precordum There are two other areas besides apex
and aortie and pul. y areas where 1 may reveal maximal sites
for systolic murmurs They are at the lower end of the sternum and m the
therd and fourth intercostal spaces just to the left of the sternum Ruhing out
1n the first place systolic murmurs transmitted from other areas where they
are generally much louder we come to the very rare systolic murmurs ongt
nating in these two regtons To the left of the sternum 1n the third or fourth
intercostal space or tn both a Joud blowing systolic murmur may be heard
cases of congenutal interventnicular septal defect If such defect 15 uncomply
cated (as 1s sometimes not the case) such a murmur 1s called the Roger
murmur {and the condition Roger s disease) A palpable thnll usually accom
Panses this murmur Pulmonary or more probably infundibular stenosis 1s a
less likely congemtal cause for thus type and posiion of murmur Fnally
2 systolic murmur onginating under the lower end of the sternum 1s rare

Sgnifying tncuspid with a derable degree of tnicusprd
stenosis Tricuspid regurgitation which 1s most often due to dilatation and nof
to valye damage 1s m contrast to mutral rarely ac p d

by murmurs probably because the tncusprd nng 1s Jarger and the nght heart
chamber pressure differences less Mitral regurgitation aortic sterosis or
Some congemtal cardiac defect 1s by trapsmission much more likely than
15 tncuspid disease to cawse a loud systolic murmur at the lower end of the
Sternum

4 Vascular systolic murmurs Murmurs systolic in ttme that 1s coincident
with the appearance of the pulse wave are common over arteries At the base
of the heart and 1n the main branches of the aorta three causes exist for their
Occurrence marked artenal dilatation with or without saccular aneurysms
constriction by internal deformity or pressure from without (with the murmur
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found at the end of the constriction where the caliber ncreases agamn to normal
or beyond) and transmussion of 2 loud murmur from the aortic area as it
aortic stenosis Over the larger peripheral arteries like the brachial femoral,
and popliteal pressure applied artificrally from without easily produces systole
murmurs and thrills as 1s observed routinely n blood pressure studies Also
compression by tumors cicatrices or other causes may grve nise to systohe
murmurs nd tholls as may large aneurysms with active bleod flow Oser
the veins 1solated systolic murmurs are not found but as wil later be men
tioned contmuous murmurs wmay be present Over the thyrod gland m
exophthalmic goiter a very striking vascular murmur 1s heard called 2 brut
generally ¢ with svstolic and a parued by a palps
ble thrill 1t 15 doubtless due to the greatly mcreased arteriovenous blood flow
through the hyperactive gland

Systolic murmurs may be heard rather easily with either bell or Bosl s
type of stethoscopic chest prece but as they nise in pitch thev are more readly
percerved by the Bowles recewver Certan murmurs are better brought out and
are more hikely to appear with the subject i one position than 1n another 25
for example the pulmonary systohe murmur which may be produced by the
assumption of the supme position Finally one systolic murmur may be sipet
1mposed on another the harsher or louder one predominating making 1t very
dufficult to d h the two P

Duastolre murmurs Drastolic musmurs are less commen but usually more
umportant than systolic murmurs they have often been called the most serious
auscultatory findings but this 1s not always so since the carefut study of
heart sounds and the detection and correct interpretation of certam frequent
but neglected systolic murmurs may gve us more information about the heart
10 the long run Drastolic murtmurs are often difficult to hear It 1s for thetf
detection that the use of the two stethoscopic chest preces 15 so helpful and
1he examination of the subject 1 both upnght and recumbent positiods s0
mmportant To test the effect of change 1 posttion 1t 15 most convement and
generally sufficient to examune the patient first upright and then supme or It
the left lateral position Before proceeding with the spectal drastolic murmurs
of mntracardiac ongin it should be noted that in drastole as 1 systole, though
far less often  respiratory murmurs may be produced by the action of the
heart 1n squeczing air out of or sucking air mto lung tissue especially if the
Jung happens to be fixed 1n close contact with the heart Such murmurs can be
dutingwshed almost always by their respiratory quality by the ease with
which they are caused to vary or disappear with forced or chang®
in body posttion by the fact that they tend to occur at an mterval after the
second heart sound and not directly with 1t frequently by their nearness o
the car and by the 1 of p ry rafes
due to the mechanical effect of the hearts action in sucking air I and out
through mousture filled bronchioles It is quite hikely that a few of these s‘:?
called 1y or other fiac drastolic murmurs are Jhe systolc
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murmurs produced by the friction of umnflamed pericardial or pleural sur
faces (Ortiz 1933)

1 At the apex The only two diastohic murmurs heard at the apex with any
degree of frequency are those due to mitral stenosis and to aortic regurgitation
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FIG 15 Phonocardiograms showing the diastolic murmurs of mutral stenosts and
of aomc 4 a classtcal case of

)

mural sienosis with very rough mutral diastohic murmur sometimes with presystolic
accentuation (note the first beat on the record) Slight systolic murmur also Observe
the mierval of relative silence between the second sound and the begnning of the
middiastole murmur of matral stenosts m companson with the absence of such an
IMErval g the case of the aortic dastolic murmur i (B) (B) Logarthmic phono-
cardiogram showing the very musical character of the high pitched aortic drastohc
Murmur associated with retroversion of an aortic cusp Note that systole 15 clear
Stmulaneous venous pulse tracing and Lead 2 of the electrocardiogram are recorded
(kindness of Me M A Rappaport Sanborn Company Cambridge )

These murmurs unhike supennmposed systolic murmurs are so different that
€ven when they occur together they can be differentiated

(a) Orgame mural sienosts The murmur of mutral stenosis (Figure 15A)
has usually five characteristics that disttguish it from the murmur of aortic
TeRurgitation (1) a rough rumbling character generally of low pitch and
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sometimes so low as to be scarcely audible even to a traned ear (2) a farlurt
to appear with or to follow immedrately the second heart sound but mstest
an onset at a defimite interval of time after the second sound that tume intena]
being the ordwnary mterval between the second and third sounds of the heart
(3) a localization at the apex often over a small area of but 2 or 3 cm 1t
d with no on beyond a chi 1stic that not quent]
causes the murmur to be mussed entirely unless the exammation 1s very carefil
and complete (4) a better perception by the employment of the bell ches!
prece of the stethoscope than by the employment of other types whose tirmuted
use may fail entirely to pick up the murmur when 1t 1s not Joud and (5) 2
better perception with the patient recumbent the upright position sometimes
fatling to reveal the murmur even with the use of the bell recenver To thest
five charactenstics may be added five others found Iess regularly but which
are very useful 1 distingushing the murmur  (6) a palpable thnil Jocalized
closely asarule over the apex 1n diastole usually somew hat shorter than the
murmur (7) the presence 1 normal rhythm of a stking accentuation of
the murmur 1n presystole just before or at the beginning of the first sound of
the heart and due to the effect of atral systole but absent if atnal fibnilauon
1s present 1f the mitral stenosts 1s refatively <ght or if the atnum is empty
or weak when it contracts at the end of a prolonged diastole (8) the usal
presence of an accentuated first heart sound at the apex so often character
1stic of mitral stenosts (9) the common accentuation of the pulmonary second
sound and (10) the frequent presence of a loud third heart sound at the Jeft
of the lower end of the sternum or in the space between this area and the apet
and probably due to dilatation of the right ventricle

The murmur of mtral stenosis 1s explaned by the vibration of heart walls
and valve caused by the rush of blood through the stenosed mutral valve mi0
the left ventricular cavity Its greatest mtensity 1s usually at 1ts onset at the
ume of the third sound when the flow of blood mto the ventricle begns
(which flow does not owcur immediately at the time of the second soun
when the aortic valves close at the end of systole) At the onset of the mteal
diastolic murmur the flow of blood 1s as a rule faster than at other umes
because the intra atrial pressure with left atnum full of blood 1s greatest at
such a tme 1n relation to the low intraventricular pressure which in tumn i
caused by the passive elastic drastoli ventricular dilatation The force of the
blood stream decreases as duastole proceeds and both murmur and thnil tend
to fall off in mtensity 1 diminuendo fashion to die away entirely if duastole
1s long (wath atnum almost empty and ventricle full) or if the degree of the
mutral stenosis 1s but shght If normal rhythm exists there 1s another merease
1n the speed of blood flow from atrium to ventricle 1n presystole due 1o atrmal
contraction If on account of a short drastole (fast heart rate) or marked
valvular stenosis there 1s still a good deal of blood left in the atnum and S"E
room for more in the ventricle the mcrease m blood flow through the stenos¢!
mitral valve may be sufficient to cause a final accentuation vanable m degree
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and sometimes marked of the diastolic murmur and thnll just before the first
sound or to make 1t audible agamn if 1t has entirely disappeared

The presystolic accentuation of the mutral diastolic murmur was formerly
desenibed as do 1n ch but the do 1s actually an auditory
tllusion as shown by phonocardiograms and careful auscultation the 1illusion
1s due to the combined presence of a sudden accentuation of a murmur that
has largely died away and the sharp first heart sound that termsnates 1t This
Ppresystolic part of the murmur of mutral stenosis was at one time considered
1o be the whole murmur or at least the earliest to appear or the most important
or charactenistic part, But now we regard 1t as sumply one part of the whole
murmur at times striking to be sure but often absent as for example when
there 15 atnal fibnilation (that 15 no orderly forceful atnal contraction) or
too shght a degree of mutral stenosis to produce 1t If we would rely solely upon
the presence of a presystolic murmur for a diagnosis of mutral stenosis we
should muss at least half the cases of this valvular lesion Rarely may a pre
systolic murmur be present alone without a middiastoic murmur when the
force and speed of blood flow through the stenosed valve happen to be
greater 1n presystole than in middiastole and the degree of stenosis not sufficient
to cause a murmur at both times Careful study of the case should however
be made before recording a diagnosts of mutral stenosis on the basts of what
@ppears to be a presystolic murmur alone without any diastolic rumble or
murmur preceding 1t Marked accentuation and slurnng of the first heart
sound such as not infrequently occur mn an overactive heart may give a sem
blance of a shght presystohc murmur and cause an erroncous dagnosts of
Dutral stenosis to be made when excitement exertion some nervous factor
35 1 neurocirculatory asthema or thyrotoxicosis 1s responsible If for any
feason there 15 a suspicton of the possible presence of mutral stenosis because
of theumatic hustory sharp first sound loud third sound or unusual heart
shape size or symptoms and no mitral diastolic murmur 1s present exercise
(or the admimistration of a mutrite) may be used as a test to increase the rate
of the heart and the speed of blood flow and to bring out a typrcal diastolic

Tumble at the apex Always 1t 1s best to examine the subject recumbent after
such a test

Rarely the murmur of mtral stenosis may be a gentle and moderately lugh
Pitched blow following the third sound but almost mvartably 1t 1s rumbling 1n
Dature, and, Tayy, Pt when e 0SS s prowvmced An uprd syswiue
Murmur of mitral regurgitation may or may not be assocrated with the drastolic
Murmur of mutral stenosis The louder either one of these murmurs the less
‘sf:!nse 15 the other and if either murmur 1s marked the other usually 15 ab
lh;;ossm and Berconsky (1943) have pointed out the actual systolic rather
ot }‘J}:csyslohc timing of the very bnief vibrations (murmurs) that may pre
disor e delayed and accentuated first heart sounds followng the shorter

Ic pauses 1n atrial fibnllation 1 cases of mutral stenosts
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() Functional mtral stenosts These 1s another fairly common cause of
the mutral diastolic murmur bestdes actual orgamc mutral stenosts this 1s relt
tive mitral stenosis due to constderable dilatatton of the left ventrcle with the
vahe normal or not sufficiently damaged to give nise alone to the obstructie
drastolte murmur The clinical condittons m which such relative mitral stenosis
15 found are chiefly three namely moderate to severe acute or subacute they
matic myocarditts high grades of anema from any cause and well marhed
aortic regusgitation In a few scattered cases other causes of feft ventricular
il are responsible such as heart faslure but as a rule cardie®
dilatation assoctated with ordinary congestive failure 1s not attended by 2
mtral diastelic murmur 1 such cases there tends fo be a third sound mstesd
Why this 15 50 15 not yet clear but 1t 1s probably because the blood flow 1s 2%t
fast enough 1n these hearts

In the case of aortic regurgitation various theories have been expressed 28
to the pathogenesis of the mutral distolic murmur It has been generally
thought that the blood stream regurgitating through the damaged aortic vahe
especially »f the posterior cusp 1s tnvolved or through the dilated aortic ostium
impinges on the anterior cusp of the mutral vahe thus forcing 1t back and
producing a functional stenoss at a time 1 diastole when the blood stream 1S
pouning from atrium mto ventricle another theory suggests the production o
the murmur by the contact of the two streams from aortic and mutral valves
pouring together mnto the left ventricle with the antertor cusp of the rutral
valve vibrating between them The best explanation however that fits not
only the cases of aortic regurgitation but also the cases showing the character
1stic murmur with no valve lesion at all 1s that the left ventricular dilatation 18
sufficient mn degree to give nise t0 a murmur when the caliber of the blood
stream comng through the normal mutral vaive suddenly widens out The tme
relations qualty location and other charactenstics of this diastolic muemu!
of functional mutral stenosts are exactly the same as for organic mitral stenosts
except that there 15 as a rule less intensity to 1t and usually no assoctated palps
ble thall When the mitral dastolic murmur 1s found with aortic regurgitation
without mtral stenosis 1t has been called the Austit Flint murmur (Flint
1862)

Flint Austm  On Cardiac Murmurs  Am J M Sc 1862 N S XLIV 29

Page §S1  As a rule the force of the mutral direct current 1s not sufffcrent {0

develop a murmur unless there be mutral contraction Is this murmur evef pro”
duced without any mutral lesions? One would @ prion suppose the answer to thes
question to be m the negative Chnucal observation however shows that the ques

0n 15 to be answered 1n the affirmative I have met with two cases 1 which 3 welt
marked mutral direct murmur eusted and after death 1n one of the cases no mitrad
lestons were found 1n the other case the lesion was instgnificant I will proceed to
give an accaunt of these cases and then endeavor to explain the occurrence of the

murmur e
A mutral direct murmur then mav eust without mitral contraction and w
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out any mitral lesions provided there be aortic lesions nvolving considerable aortic
regurgitation This murmur by no means accompantes aortic regurgitant lestons
asarule we mect with an aortic regurgitant murmur frequently when not accom
panied by the mutral direct murmur The circumstances which may be required to
develop functionally the latter murmur n addition to the murmur of aortic re
gurgitation rematn to be ascertained Probably enlargement of the left ventricle
isone condiion  [Ttahes mine )

©) T ! murmurs Other diastolic murmurs that may be heard at
the apex are transmutted from elsewhere They are due to aortic regurgitation
frequently to the very rare pulmonary regurgitation seldom and to tncuspid
stenosis probably not at all the murmur i ths last named condiuion not being
distngwshable at the apex if 1t could be heard there from the murmur of
mitral stenosis which 1s almost always much more prominent m such cases
2 Duastohic murmurs at the base In the case of basal dastohc murmurs
the differentiation of sites 1s not so important as n the case of basal systolic
murmurs since the two diastohe murmurs found are both heard maximally
often 1n the same place and have the same charactenstics Other data there
fore than site and charactenstics must generally be employed to differentiate
them the most unportant pornt 1s that the murmur of aorttc regurgitation 1s
far more than that of p Y 10n
@) Aoruc regurgiation {Figure 15B) The auscultatory charactenistics
that distingursh aortic regurgitation from mutral stenosis and tricuspid stenosis
but not from pulmonary regurgitation are (1) a blowing rarely musical
quality either high or low pitched often very gentle (2) an onset with or at
once after the second heart sound the murmur if mtense completely masking
the sound (3) a maximal audibility over the midsternum and rmmediately to
the left of 1t 1n the third and fourth mtercostal spaces usually with wide trans
Mission to the apex and left axilla and upward less loudly toward the neck
{4) a better perception with the Bowles type of stethoscopic chest prece than
ith the bell although rarely certain lower pitched aortic diastolic murmurs
may be better heard with the bell or even with the naked ear and (5) a better
Perception as a rule with the patient upnght and leaning forward than re
Cumbent In addition (6) a diastolic thnll 1s rarely felt accompanying this
Turmur (7) the murmur continues usually through ail or most of drastole
decreasmg 1 1ntensity and never showing a presystolic accentuation (8) the
first heart sound 1s not accentuated 1n fact frequently both heart sounds are
Tasked by murmurs and (9) an accentuated third heart sound 1s not usually
found Very often particularly if the diastolic murmur 1s marked there 1s also
2 dortic systohe murmur due either to aortic dilatation or to aortte valve
SenosIs but 1n the latter case as 1n mutral valve disease the louder one mur
;"el:;l:ecomes the Jess loud 1s the other that 1s the greater the stenosis the
dlla‘a:;:il:‘rfl:ahon and vice versah Itss clommgndm aclmc syphilis with aortic
allover ol delgurgnanon for bot! hsys(o 1cdan lastollc murmurs to be loud
of the o ac area mcluding the second irtercostal space just to the nght
with both heart sounds masked by them
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The chimeal conditions responsible for the aottic regurgitant rastobe mu
mur are firstly and much more frequently organic aortic valve diseast s
to rheumatic nfectron, syphtlitic aortic myolvement or sclerotic change 2 &
secondly dilatatton of the aortic valve ostum without disease of the tusy!
themselves due occasionally to syphlitic aortits and rarely to chronic hop
tension sclerotic change senile ectasia, dissecting aortic aneurysm ors W
anemia There 1s a very interesting vanation of the aortic diastolic musmY
more commonly found i syphtlitte aortitis than 1n other condnons €ones
g of a very loud high prtched musical character with thntl and du ¥
parently to eventration of one of the valve cusps (Bellet et al 1939 Nuchot
1940) (see Figure 15B)

Uncommonly the aortic diastolic murmur 1s heard better in the aortic are
that1s m the second interspace just to the right of the stermum than 1t 18 310
the left sternal border whither 1t generally 1s transmutted i1 maximal degtt
Such a maximal localization of the murmur 1n the aortic area is occastond
found 1n aortic regurgitation assoctated with marked aortic dilatation e
syphilitic aortitis when the ascending aorta extends further to the nght @
upward than normally or when along with the aortic valve the ascendt
aorta 1s displaced upward and to the nght by a very large heart Alo nrt
the aortic diastolic murmur 1s heard better at the cardiac apex of 3t the lov
end of sterum or between these sites than along the left border of the st
num 1f 50 1t can eastly be distingurshed from the mutral (or tncuspid) diasté
murmur by 1its other charactenstics described above Often the diastolc ¥
murs of aortic regurgitation and of organic or functsonal mitral stenosts OFf
together at the apex and can be readily distinguished Finally 1t shoutd
stated that the diastolic murmur of aortic regurgitation may be found witht
any periphernl vascular signs this oceurs m the lesser degrees of the @
defect 1if peripheral vascular signs like the water hammer or capiilary pulse
awmted before aortic regurgrtation 1s diagnosed half the cases of this ¥
leston will be missed

(b) Pulmonary regurgitanion Rare but almost exactly sumiar 18 18 o
actenistics to the diastolic murmur of aortic regurgitation 18 that due 10 -
gurgitation through the pulmonary valve The resemblance may be so
complete that a distinction cannot be made by auscultatron alone R‘“‘:ﬁ
however does the pulmonary diastolic murmur ever reach m intensity Y
loudness frequently found 1 the case of the aortic diastolic murmud
1t 15 unusually marked 1t 1s louder 1n the second left interspace (pulmona®?
valve area) than 1t 1s 1 the third and fourth interspaces and follows & “‘“(c
accentuated pulmonary second sound these are important clyes In ‘*""
with well marked pulmonary diastolic murmurs there may also e otht (:ry
tale signs mamely abnormal visible or palpable pulsation 1n the pulmor the
valve 1rea 1 loud pulmonary systolic murmur water hammer pulsaont n o
pulmonary artery and ‘dance  of the lung hiluses seen by roentgen 1Y "ry
t 1 nght axis d by el d Usually the pulmo;l’u y
dustolic muemur 1s not transmutted so widely as 1s the aortic Wath 2 10
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blowing diastohic murmur along the left sternal border well marked peripheral
vascular signs such as the water hammer and capillary pulse are present if
the murmur 15 due to aortic regurgitation and absent 1f 1t 1s due to pulmonary
regurgitation this does not apply 1if the murmur 1s slight or moderate Percus
sion and ! and elect d hic studies are especially helpful
1 the differentiation between aortic and pulmonary regurgitation The clinical
conditions underlymng pulmonary regurgitation are most commonly (1) mutral
stenosis causing dp in the pul y circulation and dilata
tion of the pulmonary artery and valve ning without damage to the valve and
rarely the remaiming causes  (2) chronic fallure of the left ventricle with
pulmonary vascular congestion and hypertension (3) chromc lung disease
giving nise to the same h 1 d (4) chromc pul
monary endarteriis (5) congemtal defect of the atnal septum with conse
quent flooding of the pulmonary circulation (6) congemial defect of the
pulmonary valve giving rise to regurgttation (7) perhaps wide patency of the
ductus arteriosus and (8) acute or chronic endocarditis of the pulmonary
valve 1tself If mutral stenosts 1s the underlying chinucal cause of the functional
l lic murmur 1 15 called the Graham

y 13

Steell murmur (Steell 1881 1888)

Steell Graham Physical Signs of Cardiac Disease Edinburgh 1881 2nd ed page
43

Dr Balfour states that a diastolic murmur due to mitral stenosts may be audi
ble and have 1ts mavmal tensity in the pulmonary area Thrs murmur 1s soft
and blowing unlike the apex true diastolic murmur of mutral stenosis and 13 prob-
ably produced 1n the pulmonary artery and infundibulum of the nipht ventricle as
2 murmur of high pressure the pulmonary artery being dilated and 1ts valves per
nutting of a certain amount of regurgitatton This murmur 1s not usually constant
at least when first developed  (See also A Chromele Manchester December
1888 “The Murmur of High Pressure i the Pulmonary Artery )}

3 Elsenh,

over the p dium the d hc murmurs heard are those
already described transmutted there except for one very rare murmur heard
maxmally and often solely over the lower end of the sternum This excep
o015 the diastolic murmur of tricuspid stenosis In every charactenstic except
that of position 1t 15 smilar to the mutral drastohic murmur but 1t 15 usually less
Intense and may have more of a blowing nature In only extremely rare in-
Stances 15 1t heard without an equally loud or louder mutral diastolic murmur
and since sometymes the latter murmur 1s transmitted away from the apex and
1 heard at the lower end of the sternum a dragnosts of tricuspid stenosis by
Auscultation 15 rately justified It may be suscepted if the typical diastolic
urmur 15 louder over the lower end of the sternum than elsewhere over the
Precordium The presence of 2 palpable drastolic thrill localized at the same
Place or much more marked there than at the apex supports the diagnosis of

tr

e
Cuspid stenosis Other s1ens ohtamed hy roenteen rav and seneral nhweal
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examination are smportant The underlyimg chinical condition 1s osganic tn
cuspid stenosts due to chromc rheumatic endocarditis

Functional tricuspid stenosis had not been described before 1 encoun
tered several cases which I believed to be such with well localtzed jut]
dastolic murmurs near the lower end of the sternum mtral diastoltc murmuss
at the apex and loud pulmonary diastolic murmurs autopsy of one of the
cases showed mitral stenosis obstructing thrombi m left atnum and pulmonary
vessels and marked dilatation of pulmonary artery and night ventricle with 10
organic disease of pulmonary aortic or tncuspid valves This I reported 1
the third edition of this book 1n 1944 and have confirmed since

4 Vascular dstolic murmurs Vascular drastolic murmurs are rare 0%t
the great vessels at the base of the heart there may be transnutted for a short
d ad lic murmur ong 1n the heart, but this 15 far Jess com
mon or marked than 1n the case of systolic murmurs Otherwise there 1s only
the diastolic murmur produced 1n cases of aortic regurgitation of marked
peripheral vasodil by the appl of mod: to marked pressur®
over the larger artertes (best over femoral or brachual artery) Farst thert
appears the prstol shot sound and systolic murmur and then as the pressure
15 increased a slight to moderate blowing diastolic murmur 1s atso heard (10"
a contmuous murmur) The appearance of such a murmur 1s called Puroziez$
sign (Duroziez 1861) The differentiation of the two causes of the murmul
has been pomnted out by Blumgart and Ernstene (1933) who showed that
pressure with the distal and not p | edge of the ltatory bell vl
produce the murmur 1f aortic regurgitation 1s the factor responsible while
the reverse 1s true 1 cases of penpheral vasodilatation n accord with the
direction of blood flow and mechamsm of murmur production discussed aboe

Continuous murmurs There 15 no continuous murmur of cardiac ONg™
but there are three of vascular onigin and all three of these may be heard over
the region of the heart

1 Probably the most common and certainly the least important cause of
such a continuous murmur 1s the mechanism gving nse to what has beent
called the venous hum in the neck with the subject seated or standing TS
murmur of humming character 1s loudest at the right side of the base of the
neck and much less loud on the left side It 1s much ncreased by bending 2%
turning the head to the left putting the blood vessels on the right side of the
neck on the stretch It 1s easily and quickly obliterated by light pressure on
the neck over the jugular veins sufficient to stop temporarly the downwar
flow of blood or by the ption of the bent posit very SIS
pathognomonic tests It 1s a frequent finding 1n normal individuals espCCﬂ“Y
children It 1s not evidence of any disease or pathologic state It s probabl)'
due to the rapid flow of blood (in the absence of all stasts) through tbe
jugular vems into the jugular bulb and on into the supenior vena cava 4
importance so far as the heart 1s concerned 1s that 1t 15 frequently transmmite!
downward over the base of the heart even close to the lower end of the
sternum and may give nise to such erroneous diagnoses as patency of the
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aged or older indvidual with syphiltic aortitis a continuous murmur 15 to be
interpreted as the result of rupture of aortic ancurysm nto the pulmonary
artery a very rare and semous event but one which may be compatible with
some weeks or months of survival Correct antemortem diagnosis 15 possible
even though the murmur exactly resembles that of patency of the ductus
artertosus

4 Artertal aneurysm A rare cause of a continuous murmur s an artenal
aneurysm which may involve the aorta one of 1ts major branches or a
penipheral vessel usually over such a lesion 1f a murmur 1s heard at allitss
only systolic 1n time but there are conditions such as wide open unthrom
bosed cavity with rapid blood flow when the murmur continues 1nto duastole

5 Coarctation of the aorta Finally 1n some cases of congenital coarctation
of the aorta a continuous murmur of shght to moderate intensity and not con
tnung throughout all diastole can be well heard over the thoracic spine

PERICARDIAL FRICTION RUB

Finally m cardiac auscultation we should observe the presence or absence
of friction sounds due to acute pericardins Such sounds vary from a soft
almost blowing character to extremely rough loud rasping and leathery
sounds Usually they are found 1n both systole and diastole and tend to be
somewhat louder 1n systole They may occur m systole alone which fact adds
to the difficulty of their differentiation from systolic murmurs The most com
mon site 1s near the sternum especially along the left edge but they may be
found anywhere or everywhere over the precordium and if loud enough they
may be widely transmitted to the back and elsewhere If marked they ar¢
attended by palpable thrills It 1s often difficult in the presence of pencdl’dml
friction sounds to recognize the charactenistics or even the existence of heart
murmurs masked by them and if the fniction sounds are of unusually soft
character 1t may sometimes be difficult to distinguish them from murmurs
Repeated and daily observations to note the vanation and gradual merease
or disappearance of such frictton sounds may prove necessary for their 1nter
pretation and for the diagnosis of underlying valvular or other cardiac discase

Percardial friction rubs are almost unvarmbly indicattve of acute pert
carditis but there are occasional exceptions as pointed out by Ortiz (1933)
when penicardial friction sounds or murmurs may be produced by normal
pericardial surfaces rubbing aganst each other under unusual pressure par
uculacly 1n the pulmonary valve area as 1n cases of pulmonary astery dilata
nion 1n thyrotoxicosis (Goodall 1920 Lerman and Means 1933) and of
acute cor pull le due to pul y embolism (McGinn and White 1935)
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CHAPTER 6

SPHYGMOMANOMETRY NORMAL AND
ABNORMAL BLOOD PRESSURE

Hales S § ! Essays C H. ks or an Account of somt
Hydraulc and Hydrostatwcal Expersments Made on the Blood and Blood
¥ essels of Ammals W Innys and R Manby London 1733 Vol 2

Page 1 1 In December 1 caused a Mare to be tied down ahive on her Back
she was fourteen Hands high and about fourteen Years of Age had a Fistula 0
her Withers was neither very lean nor yet lusty Having laid open the Jeft crurd
Artery about three Inches from her Belly I mserted into 1t a brass Pipe Whos
Bore was one sixth of an Inch in Diameter and to that by means of another brass
Prpe which was fitly adapted to 1t I fixed a glass Tube of nearly the same Diameter
which was nine Feet 1n Length Then untying the Ligature on the Artery the Blood
rose 1n the Tube eight Feet three Jnches perpendicular above the Level of the feft
Ventricle of the heart But 1t did not attarn to s full Height at once rushed UP
about half way in an Instant and 2fterwards gradually at each Pulse twelve esght
six four two and sometumes one Inch When 1t was at 1ts full Height 1t would
nise and fall at and after each Pulse two three or four Inches and sometimes i
would fall twelve or fourteen Inches and have there for a ttme the same Vibrations
up and down at and after each Pulse as 1t had when 1t was at its full Heght
to which 1t would nise agamn  after forty or fifty Pulses

Hales poneered in the esttmation of venous pressure also On page 13 he Wrot€
as follows

1 In December 1 laid 2 common Field Gate on the Ground with some Stra¥%
upon It on which a white Mare was cast on her right side and tn that Posture
bound fast to the Gate she was fourteen Hands and three Inches high lean tho
not fo a great Degree and about ten or twelve years old Thss and the above
mentioned Horse and Mare were to have been killed as being unfit for service

“2 Then laying open the left Jugular Vewn I fixed to that part of it which
comes from the Head 2 glass Tube which was four Fect, and two Inches long

“3 The Blood rose 1n 1t 1n three or four Seconds of Time about a Foot, and
then was stationary for two or three Scconds then in three or four Seconds more
1t rose grad and with an d motion
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" mne Inches more on small Straimngs of the Mare Then upon greater Strainings
1t rose about a Yard and would subside five or six Inches

Sphygmomanometry (o¢uypos pulsation paros thin OF rare——ramty or ten
sion—~and perpov ) consists of of the arterial blood
pressure It 35 a special method of cardiovascular study which through its
mtroduction as a routne part of physical examination duning the past gen
eration has revealed the cause of much cardiac enlargement and fatlure that
®as previously obscure

Two centunes or more ago and agawn one hundred years later actual deter
minations of the blood pressure of ammals were made by the imnsertion of
tubes nto artenes to measure the height first to which the blood column
ascended (Hales 1733) and second to which 1t forced a mercury column
(Poiseutlle 1828) but the study was applied only to amimals mn expenmental
work untit much later However long before the development of a satisfactory
clinical sphygmomanometer rough attempts were made to estimate human
blood pressure by measuring the weight or force needed when attached to a
SPhygmograph to obliterate the radial pulse (Vierordt 1855) There followed
gradually the methods of pressure application by plethysmograph to the hand
(Marey 1876) Iater by pelottes to the radual artery (von Basch 1881)
nd then to the brachual artery and finally by small and then larger flud
filled cuffs appled to finger or arm (Riva Roccr 1891) At last came the
Introduction of the present comfortable wide air filled cuffs for application
tothe upper arm and to the leg

Artenal blood pressure 1n man 1s read off for convemence i millimeters
of nercury nstead of 1n centimeters of water (which would require a measur
Mg tube over 13 times longer) The gauge 1s erther a carefully graduated and
calibrated tube of mercury or a spring pressure device with dial and needle
(von Basch 1887) There are today many different models and makes of
sphygmomanometers some of these are more conventent more accurate or
befter made than ofhers but most of them are satisfactory provided they
are checked for accuracy Errors may creep into the use of any type of
Sphygmomanometer too arrtight a seal of a tube contamning a mercurv column
™y for example by air compression or by relative vacuum result mn errors

i bleod pressure readings too low dunng mflation of the cuff and too lugh
dunng. decompression completely to nullify the generally reputed greater
accuracy of the mercunal sph A 1 error of 3 mm of
n;ercury may be dered for sphy 1 routme
Cb;mcal use at pressures up to 300 mm of mercury the average error should

. considerably less but great accuracy 1s not needed chimcally since the
Evficance of varations of a few millimeters of blood pressure 1s generally

Neghgible
Special 5,

as th phygmomanometers have been devised for special purposes such

© recording sphygmomanometers which take graphic records of value
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where objective data are desired for a permanent file and the oscillometet
which shows at different pressurc levels the fullness of the pulse 1n a quantitl
tive way The latter 1s especially useful 1n studying the penipheral circulaton
when there 1s vascular disease or obstruction A useful new mstrument into-
duced to register the blood pressure 1 the pulmonary artery and its branches
the night ventricle the nght atnum and the great vetns duning cardiac cathe
tenzation 1s an electr devised esp lly for this purpose SUpr
seding the Hamilton manometer There are vanous mstruments anc
methods for the study of the venous blood pressure dependent on (1) ¢
force applted by a pelotte (with manometer) to stop the venous flow (2) th
amount of air pressure under a glass capsule measured 1n centimeters o
water necessary to cause collapse of a vein of moderate size usually on the
back of the hand or forearm (von Recklinghausen 1906 Hooker and Eystet
1908) (3) the height above the level of the right atrium 1n centimeters g
which the forearm and hand are raised before the veins collapse (Frey
1902 Gaertner 1903) and the most satisfactory methed (4) the direc
reading of the pressure in centimeters of blood or of sterile normal salt solu
tion 1 manometer tube connected with a needle mtroduced into an elbo’
vein at the level of the right atnum (Moritz and Tabora 1910 Gnffith et al
1934 Holt 1940) A method for the graphic registration of the venous bloo
pressure has also been devised (hendrew 1926) Finally methods for dclﬂ:
miming the capillary blood pressure have been introduced cluding [4H
macroscopic blanching of the skin by pressure under a transparent capsvi
a method which 1s unsatisfactory because 1t includes the pressure I the
smaller arterioles and venules as well (2) the more accurate microscopt
method of direct observation of the blood flow 1n the captllaries (Lambm‘d
1912) and most accurate of all (3) direct registration of pressure by tht
wmtroduction of a fine pipette wto a capillary (Landis 1930, Eichna ant
Bordley 1939)

The blood cannot be d by palp alone witt
enough accuracy to warrant any confidence 1n such a procedure Instrumentd

ph: YIS There arc three techmes which as a matte!

of fact may be combined for the sake of greater accuracy

The best method of chinical sph y 1s the ! technit
which records systohic and diastolic pressures 1n most cases very shightly belo¥
the actual levels as determined by direct readings from within the artery
The systolic pressure 15 to be read at the pomnt when the first clear sount
appears duning slow decompression of the blood pressure cuff faint soundt
due to the impact of a forceful pulsation agamst the closed end of the arter)
at the upper edge of the cuff may sometimes be transmitted to the stethoscopt
placed over the astery at or just below the lower edge of the cuff at any
pressure above the systolic but these should be sgnored The drastolic pres
sure should be recorded at the point when the sound abruptly disappeart
or abruptly drops 1n intensity rarely the sound continues loudly to zero an
the diastolic pressure must be so recorded as 1n some cases of marked aort®
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regargtation  In 1939 a jount report was published by d

by the Amencan Heart Association and by the Cardiac Society of Great
" Britamn and Ireland for the standardization of blood pressure readings 1n
which there appeared a note of difference of opinion relative to a record of
the diastolic pressure the American commuttee recommended that both the
Ievel at which the auscultatory sounds become dulled and that at which they
disappear (if there 1s a difference) should be recorded thus 140/80 70 or
140/70 0 or 140/70-70 while the Brutish commuttee believed that except m
aortic regurgitation 1t 1s nearly always possible to decide the point at which
the change comes (either abrupt dulling or complete disappearance) and that
this 1s the only reading that should be recorded A report by a new commuttee
of the Amencan Heart Association 1 1951 states that 1t appeats that the
pomt of complete cessation 1s the best ndex of diastolic pressure
There 15 no practical value n attempting to record the vanous auscultatory
phases of the pulse pressure that 1s 1n the interval between the systolic and
daastolic levels except i one respect to be recounted below usually the upper
most phase 1s one of sound the second phase which lasts normally over an
Interval of about 20 or 30 mm of mercury 1s one of murmur the third phase
15 one of sound agamn and occastonaily there 1s a short fourth phase of dimin
ished sound before the level of silence 1s reached below the diastolte pressure
The one auscultatory phase that 1s of special importance and of practical
interest 15 that related to the so called auscultatory gap In occasional cases
the murmur phase may be largely or wholly absent leaving a gap of absolute
Or relative slence n the middle or upper part of the pulse pressure range
Such 2 finding 1s most frequent 1n chronic hypertension aortic stenosts and
marked local arter 1ts exact h 1s not clear An example
of such an auscultatory gap 1s one of 35 mm rangng from 180 to 145 1 a
Patient with systohc pressure of 210 and diastolic of 105 To avord an 1m-
Portant error 1n such a patient 1t 1s necessary to raise the compression of the
Cuff far enough above this gap so that the true systolic sounds can be heard
on dscompresslon or to check the method by either or both of the other two

methods of sphygmomanometry one can easily carry out both these pro
cedures If the

Yy gap 15 not d there may be recorded a
S¥stolie pressure as much as 50 mm or more below what 1t actually 15 There
are stll other sources of error i h Y too low

Y Sphy

2 reading when the arm 1s especially small and too lugh when the amm 15
Very large but these errors are not great (Bordley and Ragan 1941) and
10 general the method 1s an unusually accurate bedside procedure as checked
¥ direct intra arterial readings (Steele 1942)

A second method of ph ry the llatory 15 th
:’lzﬂ; accurate than the other technics but actually less practical because of
pmm“cq\lent difficulty m making the readmgs The systolic pressure 1s the
ol of abrupt mcrease amphtude of the oscillations of the mercury
e Mt or peedle of the manometer above the baselme of small pulse move

s while the diastolic pressure 1s the first point of distinct decrease below
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the maximal oscillations unfortunately however both these potts may be
poorly marked because of the farlure of any abrupt changes The method mat
be carried out visually or by a recording device (Figure 16) Its greatest valie
1s 1ts service as a check on the of the more p 1 I

method except 11 the study of obstructive arterial disease in the extremities
when 1t has been found that the form of the oscrilographic curve 1s of some
importance m determning vanations from the normal m the vascular tree
and apparently in determining the type of arteriosclerosts (Friedlander 1935)

FIG 16 Human artertal blood pressure record determined by stmultaneous prachial
arterial tracing and phonogram at systolic pressure of 150 and dastolic pressuré of
62 The first definite upstrohe of the arteriogram occurs yust prior to the record of
the first sound The disappearance of the truncated dip of the arterial tracing occurs at
the ume of the last well marked sound record (hmndness of Mf M A Rappaport
Sanborn Company Cambridge )

The third method of sphygmomanometry 1s palpatory The potnt at which
the radial pulse s first fclt on decompression of the brachial cuff 13 recorded
as the systolic pressure but this 1s nvarably too low by about § to 10 mm
The method serves however as a rough check on the other methods outlmed
above The drastolic pressure cannot easily be recorded by palpation and
this explains why 1n the early days of sphygmomanometry only the systolic
blood pressure was measured Scgall however a decade ago (1940) called

to the possibility of palpating over the brachmal artery the vibra
tions set up during the pulse pressure mterval which correspond to the sounds
and murmurs heard by the auscultatory method between systole and duastole
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It 15 of academuc interest that the subject lumself can roughly note the
levels of systolic and diastolic blood pressure 1 the arm by the sensations
during decompression of the cuff a thnll 1s felt subjectively just below the
systolic pressure level and disappears just above the drastolc level

Fially there has been a revival for certamn special studies of the old
tme direct artenal blood pressure by artemal puncture in man (Wolf and
kundler 1934) and there have been ntroduced 1n recent years methods of
recording by cardtac cathetenization the actual pressures m nght atrium night
ventncle and pulmonaty artery and its branches an especially important
development (Cournand et al 1944 Dexter et al 1947)

Systemic arferral blood pressure The blood pressure mn the brachial artery
of a normal adult ranges from 95 to 145 mm of mercury systolic depending
on conditions at the time of the sphygmomanometry Age has some effect on
blood pressure as recently confirmed by Master (1950) There tends to be an
increase though often srregular 1n systolic pressure of % to 1 mm a year
Thus at twenty years the systolic blood pressure normally may be 110 mm at
thicty 1 the same person 115 at sixty 150 and so on Factors of excitement
exercise eatng smoking and fatigue all play a considerable role in many
Persons tending to elevate the systolic blood pressure moderately Nervous
fension 1s the factor that mfluences blood pressure most elevating 1t 1n both
normal and hypertensive mdividuals but especially in the latter Ayman and
Goldshine (1940) found for example that i a senes of hypertensive ndi-
viduals 30 per cent registered a systole pressure 40 mm or more higher
nthe chne than at home and 24 per cent a diastolic pressure 20 mm or more
higher The temporary hypertension that 1s found 1n many nervous but other
Wise normal young men at the time of exammation for athletic sports military
$ervice or msurance 15 well known 1 fact 1t 1s so common that routime
blood pressure determmation for admission to the army was at one tume even
considered 1nad: Figure 17 the wide range of the normal
brachial blood pressure

The pressure vares also slightly with the respiratory phase but this 1s
Unmportant unless the respiration 1s greatly disturbed or the heart con
Stncted by acute or chronic pericarditts when the pulse mav become markedly
Paradoxical (see Chapter 27) the paradoxical pulse consists of marked de
crease of the systolic ard pulse presseres even % the powt of obliteration
d“mlg mspiration 1n contrast to the usual and normal increase of the pulse
duning nspiration 1n the case of draphragmatic breathung

In the early morning before ansing the systole brachial artenal pressure

May be 105 mm while m the same person 1 the mudst of a busy day 1t may
Tegister as much as 140 strenuous exercise may send 1t up to nearly 200

The most mportant and commonest cause of abnormal ligh systolic blood

Pressure 15 hyperpiesia (essential or artenal hypertension) less common
€uses are nephritis b to the renal i! (Goldbl 1934)
convulsive seizures brain tumor tumor of the adrenal medulla (pheochromo-
¥toma) and coarctation of the aorta (see Chapter 19) The causes of ab




300-r X ] [T €| [F|
290- -
280~ -
270~ -
260- - L__‘
250~ -
240— -
230- -
220- -
210- - 205
200~ -
190~ -
180~ - 177
170 - N
?, 160~ -
=150~ - 150
£ 140- -
130~ - ’___‘
120-
1o- -
100- - o7
90— -
80— -
70~ -
60~ -
50—~ -
40— -
30~ -
20~ - J
10~ -
b IO O |

ri6 17 Diagram showing (A) the average normal adult blood pressure {175 ?2:")‘
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bility of the systolic pressure (from 250 to 200) and of the diastoic pressure Uo7
150 to 125) possible over an mnterval of 10 minutes 1n a given case of hyperp!
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normally low systolic blood pressure are vasomotor or vascular shock
Addison s disease and to a lesser degree acute and chronic constrictive pert
carditis and aortic stenosis
The diastolic artenial blood pressure range 1s normaily much less than the
systolic a low reading m an adult 1s 60 mm of mercury and a high 90 It re
cords the basic pressure mn the circulatory system and so 1s fundamentally
more important than the systolic pressure which 15 but very transient at its
full hesght
The causes of abnormal ncrease of the dastolic blood pressure are the
same as those recorded above for the systolic pressure The causes of ab
normal decrease of the diastohc pressure are the same as for decrease of
systolic pressure and 1 addition aortic regurgitation
In Iate years particularly n France much interest has been expressed mn
the so-called average dynamic or mean effectne blood pressure which 15 the
total pressure leveled off from the peaks and hollows of systolic and diastolic
Pressures that 1s such a pressure as would assure during a certain mterval
of tine 2 steady flow of the same amount of blood as passes through a given
‘essel under the vanations of pressure ordinarily found with each heart cycle
This mean effective or average dynamtc blood pressure gives to be sure a
clearer 1dea than any other reading of the total pressure stram on the cir
culation but it has the defects of not taking nto account the swing of the
pulse pressure which 1s important and of being difficult to estimate accurately
although Vaquez and s assocrates (1932 and 1933) thought that the maxi
mal oscillation of the pulse excursion just above the diastolic level m sphygmo-
m ry with accuracy the mean pressure Moreover
the mean pressure 1s usually close to and parallel with the dmstolic blood
pressure the level of which may be used as an adequate guide along with
the pulse pressure Wiggers (1942) called attention again to the mean pres
sure but emphasized rather the importance of the pulse pressure
The pulse pressure 15 the difference between the systolic and diastohe pres-
sures normally ranging 1 an adult at rest from 40 mm (for example with
Systolic pressure of 120 and drastolic ot 80) to 70 (for example with systohic
Pressure of 140 and diastoltc of 70)
N abnormal mcrease of pulse pressure 15 most commonly due erther to
Z‘E‘ especially high systolic pressure mn systemic hypertension (pulse pressure
o izo mm for example with systolic pressure of 220 and diastolic of 100)
‘s :d ? low diastohc pressure 1n aortic regurgitation or marked penpheral
of1 4(‘)“3“0“ (pulse pressure of 110 mm for example wath systolic pressure
COmmoa?d dastolic of 30) An abnormal decrease of pulse pressure 1s most
mm fon ly found 1n states of vasomotor shock with or without syncope (15
Texample with systolic pressure of 65 and diastolic of 50) aortic steno-

:'2‘2 ‘5;)‘ }?uscullamry gap averaged 1 a series of 30 cases showing this phenomenon

without § Yperpresta 2 with hyperpiesia and aortic stenosis and 2 cases of aortic stenosiy

Presse, PEHension 205 mm. = average systolic pressure 97 mm = average diastolic
® and * = average auscultatory gap rangizg from 177 to 150 mm)
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sts (25 mm for example, with systolic pressure of 110 and diastolic of 85),
acute or chronic constrictive percarditts (20 mm for example with systole
pressure of 105 and diastolic of 85) or adrenal nsufficiency 1 Addusons
disease (20 mm for example with systolic pressure of 80 and diastolic of 60}
A very abnormal and clinrcally significant variation of pulse pressuré 18 a
alternation found when the heart rhythm s regular or after premature best
(extrasystoles) and due chiefly to a fall 1n systolic pressure of a few mll
meters (2 or 3 to 20) every other beat this 1s the pulsus alternans & sign of
senious weakness and probably of alternating strength of contraction of the
left ventricle when the pulsc 1s not excessively fast (see Chapters 8 and 30
The blood pressure 1n children 1s less than in adults beginning at about
65 systolic and 40 diastolic in earliest mfancy and nsing slowly to the adult
Ievels soon after adolescence
Finally 1t 15 important to note that the usual blood pressure readings refet
to the pressure 1n the brachial artery on one side It 1s often wise to measure
the blood pressure 1n both arms (espectally if there 15 suspicton of syphilite
aortitis) and to repeat blood pressure measurements several tmes at ntet
vals of a few munutes 1f abnormal readings are found at first The pressur
1n other artertes of the body vanes according to their size position and state
of contraction Thus the blood pressure in the aorta 1s normally greater than
that 1n the brachial artery while that m a digital artery 1s considerably less.
The pressure 1n the femoral artery 1s greater than that i the brachial artery
for four reasons (1) 1ts larger size (2) the greater bulk of soft tissue mass
1o be compressed 1 the leg (3) the lower position of the femoral artery it
the body 1n the upnight position hydrostatic pressure thus addmng 1ts effect,
and (4) a certain amount of compensatory vasoconstnction m the Jower part
of the body 1n the erect posture Localized vasoconstriction may 0cCuf sttt
further to vary the p and P of a part of the body
(the arm for example) to cold causes a general vasoconstriction excessive
1n hvpertensive cases and perhaps in potential hypertensive cases (see Chap
ter 31) Hardness of the artenial wall affects little or not at all the blood
pressure readings made by the vanous indirect methods (Dameshek and
Loman 1932 Ayman and Krakower 1933) although loss of elasticity of
the walls of the larger artenies favors a larger pulse pressure The act of
compresston of the arm may stself reflexly affect the first blood pressure
levels and not stmply from apprehension so that several readings are some-
times necessary I find that it 1s best for this very reason to inflate the cuft
at first only a Lttle above the diastolic pressure and to record that reading
duning decompression before mflating to a much higher pressure to obtawn the
systolic reading especially 1n hypertensive patients
Pulmonary artenal blood pressure During the past few years one of the
most desired and needed advances 1n human physiology has come t© pass
namely the measuning and recording of the blood pressure m the pulmonarty
arculation by means of cardiac cathetenzation and electrical or optical m2
nometer (Dexter et al 1947} (see Figure 18) In fetal life the pulmun“\')’
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circulation 1s mummal but the right ventricle mantamns through the pat!
ductus arterrosus the major part of the systemic circulation and 13 larger ths
the Icft ventncle Soon after birth when the ductus arterosus closes
pressures of pulmonary and systemic cireuits are undoubtedly very nea!
equal, hence at bith 1t may be sud that the pulmonary blood press.’
probably measures about 50 to 60 mm of mercury since that fs the system
blood pressure at this time Normally the right ventricle fauls after batkl

the systemic 1 and therefore the pul ry blood presse
quickly falls below the level of the systemic pressure smce the short sapd
dividing pulmonary artenial tree produces refatively httle resistance Int
human adult the systolic blood pressure in the main pulmonary artery Tt
ures normally 15 to 35 mr of mercury with average of 25 mm (Figure
and the diastolic pressure 1s about 10 mm of mercury On the other han

when the pul y Y 15 much d as 1 high

mutral stenosis left ventncular failure pulmonary endartenitis OF se\:

chromic pul y disease the pull 'y arterial p nises cormdt?l
1

ard may even surpass the systemic artenial pressure as further 1ndicy
the fact that in some cases the nght ventnicle actually exceeds the left \:nlm‘
1n size and weight A rough check on the relationship between but nott

actual levels of the syst and pul y artenal p can be ™
by companng the intenstties of the aortic and pulmonary second heart sount
Penodic vanations of pul y blood p of considerable €

have been found to owcur 1n expenimental ammals and also 1 man “T
resprration Roth systolic and diastolic pressures fall with spiration ¥
rise with expiration the systolic more than the drastolic  Also durng cyeles
apnea and hyperpnea the pulmonary blood pressure vanes the systohic P
sure falling and the diastolic nsing during apnea

Intracardiac blood pressure It has become possible since the pubheatt
of the third edition of this book to measure accurately and to record i |
the blood pressures in the right heart chambers by ntracardac catheterzat?
(Cournand etal 1944) and the use of a manometer (Hamulton) 0F 3 m
recently devised electromanometer (Figure 18) Normally the hue
adult the night atnal pressure under as basal conditions as can be at@:l
measures from +2 or +3 to —2 or —3 mm of mercury averaging 0 mm &
the nght ventricular pressuse ranges from +15 to +35 systohc and from
to +2 mm dastolic The pressure m the left heart chambers 15 25 Yet t
determinable normally but the left atrial pressure has been measured direc!
i the case of a congenital atnal septal defect being about +5 t0 +10m
of mercury therewith and at operation in mutral steposis bemng foun
measure about -+30 mm varying with the degree of valvular obstruction

Yenous blood pressure The venous blood pressure was measured 140 hu
dred years ago by Hales who inserted a manometer directly 1ato the jugn!
vein of 2 mare (Hales 1733)—see quotation at the begsnming of this chaptt
The venous blood pressure may be measured with a fair degree of accurad
as has been shown by ascertaming the actual pressure level vertically abo
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the level of the junction of the superior vena cava and the right atnum (ap-
proximately one third the distance through the chest from front to back at
“the lower border of the third nght sternocostochondral junction) to which
blood will rise or displace normal salt solution i a tube connected by trocar
or needle with an arm vemn (Mortz and von Tabora 1910 Holt 1940)
or more conventently by a spring phlebomanometer connected with the vemn
' (Burch and Winsor 1943) In logical evolution from these cruder techmcs
the newest and most accurate though not exactly routtne method of venous
blood pressure measurement 1s by intravenous catheter and spectal electro-
manometer
A smple but generally adequate chimical method of determmung the

‘:;GMI? The level of the height of the blood column i the jugular vemr (4) In

m duf, 2! person recumbent (B) In a person with increased systemic venous pressure
erent inchinatjons of the body ZL = zero level M L. = manubrial line (Lews,
'seases of the Hea ¢ 4th ed The Macmillan Company New York 1946 )
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Venous pressure requining no apparatus except a centimeter scale » »
measure the height above the lower border of the thurd costal cartilage at th
night border of the sternum (level of mouth of the superior vena cava) ¥
which the blood nses i the jugular vern with the subject sitting upnght !
the pressure 15 within the normal range that 1s below 10 cm the vem vl
not be evident and 1f 1t 1s very high that 1s above 25 ¢m the blood colum
will mse out of sight under the ear shight to moderate elevations can b
readily measured (Figure 19) A third but now outmoded method is b
determining the amount of air pressure (best measured 1n centimeters ¢
water} necessary to collapse a superfictal vem of moderate size in fore2rm 0
hand An apparatus for making such a measurement has already been me?
troned (page 110) Obesity thick skin or sclerosis of the veins may mak
such determination difficult

The normal venous pressure varies widely from 4 to 10 cm of water {abov
1' to 6 mm of mercury) Usually 1t amounts to about 6 to 7 cm of waté!
being about one half in millimeters of water of the normal arterial pressuf
in millimeters of mercury and therefore about 1/20 of the artenal pressuft
The systemc blood pressure thus drops from say 130 to 5 mm of mercuf
as 1t progresses from brachial artery through its branches and through 2t
terioles caprllanies and venules to a superfical vem of moderate size on 1t
back of the hand or on the forearm If the venous pressure by the usual metho
mesures 10 em or more of water 1t 1s abnormally high Exercise may &0
porarily ruse the pressure considerably even as high as 20 cm of wate!
but the three conditions which are associated with abnormally hugh veno
pressure at rest, even to 30 cm of water or more are congestive heart fatlur
of constderable or moderate degree acute or chronic constrictive pencnrdltxf
and venous obstruction due to thrombosis or compression If the night ventnc)
remains competent while the left ventnicle has failed there 1s pulmonary cof
gestion and increased pulmonary venous pressure due to left ventnicular weak
ness even though the systemic venous pressure remains normal

A very interesting phenomenon 1s encountered 1n some cases with well
marked tncuspid regurgitatson without much constant distention of the s3S
temic veins, consisting of a considerable systolic jugular pulse most Pro
nounced in the deep veins in the neck In such cases the venous pulse pressuré
which s usually very small or nonexistent may be marked up to 50 or 60 mm
and so striking that the jugular pulse may be wrongly mterpreted as the
carotd pulse (White and Cooke 1939)

Another nteresting phenomenon consists of the paradoxical mspiratory
filling of the jugular veins due to the inability of the nght heart chambers
either because of constrictive pericarchus or severe nght heart failure of of an
obstructed supertor vena cava to pass on the extra blood they recerve from
the systemic veins as the result of the increased negative mtrathoracic pres
sure during inspration (Hitaig 1942)

In general the venous pressure determnation 1s not of great chnical value
mspection of the veins to deternune their degree of engorgement usualty
sufficing without exact measurements It has been sugpested howeser that3
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Sgure of 20 cm of water of venous pressure i heart failure ss a useful indica
ton of the therapeutic need and value of venesection

Ve can now measure the blood pressure i the great vems tn man by
catheter and special manometer It vanes normally sa the human adult from
+3 to +5 mm of mercury with great sncrease when the heart fails or m
chronie constrictive pencardiis I the expenmentat animal the blood pressure
wthe great veins has been found 10 be much lower than that of the smaller
vems droppung almost to zero i the venae cavae This 1s to be expected with
the sfowing of the blood stream resulting from the merging of many venous
channels into the narrow hmuts of a fen for even though these few are of
Iarge caliber thewr total capacty 1s far Jess than that of the penipheral vemns
Fortunately to ard 1n the return of blood to the heart there are four factors
the most important of which is the smtrathoracsc negate pressure The effect
of intrathoracie suction dunng mspution 1s marked 2nd 1 the expenmental
ammal may more than quadruple the actual venous pressure in the great
vews to blish the effectine venous p For ple 1 the dog a
wenous pressure of 10 mm (1 cm) of water may be mereased through the
action of thus negative itratheracic pressure to an effectne pressure of 30 mm
of water m the nght atnum Poor action of the dapbragm and disturbances
of respiration fimiting the negative mirathoracic pressure and especialls ob-
struction 1o the venous return flow to the heart through congestine heart
fadure chrome constnctive p diis p dial eff or med 1
turers or adhesions affect very easily and obviously the venous blood re
tum o the heart on account of the low pressure that 1s usual 10 the great
vens This g patticulusly true of the postal system where the blood has to
Bow through te.o sets of capillaries and enter the nferior vena cava by way
of the hepatic vems which empty at a considerable angle wto the vena cava

The theee other factors aiding the return of venous blood to the heart are
the toous and movement of muscles which compress the vems the valves m
the vems which help to keep the blood gowng w the nght dicection and on
Occasion as needed arterolas and capillary dilatation to allow a speeding up
of the blood flow nto the veins and thence 1o the heart

For a discussion of capullary blood pressure sec Chapter 8 under Capiliary
Creeulation
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CHAPTER 7

CARDIOVASCULAR ROENTGENOLOGY

In the present edition this chapter has been profitably shortened several
helpful new illustrations have been added and a number of pertinent
references fo the lterature published since 1943 have been appended to
the Bibliography

Willams F H Notes on X Rays in Medicine  7r A Am Physicians 1896
XI 375

Duning the past two or three months 1 have been much interested 1n studying
the X rays and with the assistance of Mr C L Norton and Mr R R Lawrence
of the Massachusetts Institute of Technonogy who have been mvestigating the
X ray problem 1 the Rogers Lahoratory of Physics have tested the application of
X r;ys to medicine 1n various ways Their apphcation to surgery was soon
evident

But 1 wish especually to direct your attention to some of the medical rather than
the surgical uses of these magical rays and especially to their use with the fluoro-
S¢ope m the fluoroscope with a screen of tungstate of calcum the parts of the
body which are most eastly passed by the X rays appear lightest on the screen
those which are densest being darker The lungs are easily penetrated

“The pulsations of the heart may be followed with the fluoroscope not only
the ventricular but also the aunicular contractions and dilatations

In the following cases the usual physical examnation and that made with the
fuoroscope corresponded very well

Case 1 -—The first medical casz T exarnined was that of a man with an enlarged.
beast (seven inches 1n transverse diameter) I found that the outline of the heart
25 seen from the front of the body through the fluoroscope corresponded m a
general way to the outhne drawn on the skin with percussion as a gurde It was

Interesting to note that the heart could be made out through the man's wastcoat
and two shirts

INTRODUCTION

Cardiovascular roentgenology (Ronigen 1895 and hoyes knowledge) or
radiology (radius ray and Aeyo knowledge) has become firmly entrenched
23 an mportant part of routine study of the heart and blood vessels 3t ranks
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fourth n value as 2 method of exarmnation after listory taking physical e
and electrocardiography Although 1n cardiovascular diagnosis the
roentgen ray usually supplies but confirmatory evidence sometimes surprising
and frequently useful and mteresung mnformation results from such routiné
study Only by this method may the size and shape of the heart be determined
with certainty duning hfe the size and shape of the left atnum aorta and
lung Hiluses be ascertamed at all and calcification 1 pencardm  heart
muscle valves or deep blood vessels be actually visualized On the other hand
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FIG 20 Anatomuc drawing showing cross (horszontal) sec d heart
tron of thorax an

at level of the eighth thoracic vertebra (Sobotta and Mc)Murnch Atlas and Textbook

of Human Anatomy 1906 kindness of W B Saunders Company Philadelphia )

1t must be admtted that serious heart disease may be present as discovered 11
other ways when no clue 1s given to 1ts presence by roentgenclogy Ahbo carly
and shght cardiovascular lesions usually escape notice 1 the roentgen Ty
film because the heart and vessels may show no defimte abnormalities of siz¢
shape, or actton For the most part therefore roentgenology merely reveals

] of well blished or ad: d disease which 1s difficult or 1M
possible to eradicate Yet it does help the practitioner of medicine npprccmbl)’
m the h of exact d which are so essential to accuracy of
prognosis and to the handling of patients with chronic heart disease

The chief difficulty in the routine application of roentgenology to the crey
Tation hes not 1n the techme which can be mastered without great difficulty but
1n the interpretation of the normal himats of heart size shape and action an
therefore 1n the d of shght at There are so many factors
for example age size build P and ner 1 inm
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didual varations within the normat (see Figures 2 3 and 6 m Chapter 2)

that 1t 1s at present impossible to recognize them all or at least %o take them
allmto d m the h of any satsfactory tables of meas-
uwrement of size or rules about shape or action Not only are the normal limuts
difficult or impossible to define accurately butin a gnen indwvidual important
changes may occur 1n heart size or shape nsuffi- ent to produce defimte
roentgenologic sbnormalities at the time of examnation which would be noted
if comparative studies had been previously made For example 2 heart show

ng w an P telen 1 2 shadow areaz of 80 sq cm at
the lower fmit of the normal figures may increase 1 area 38 pex cent before
L equals even the sverage normal measurement (110 sq cm) and as much as
75 per cent before 1t equals the upper normal bamt of 149 5q cm m the case
©of a person with a body surface area of 18 sq meters {Smith and Bloedom

1922) Successive records of heart size and shape m the same wndividual
carefully made under varymg conditons of health should be more useful
than a single companson of this individual case with a table of normal aver

ages or a set of rules xis however often impossible to possess wformation
about the roentgen ray findings prior to the onset of trouble 1 a given case

In spite of these difficulties some rules are necessary and normal standards
for measurements of size are useful 1f we realize thew maccuracy 1 applica

ton ta 1ndwvidual patients and do not ull ourselves mto a false sense of
secunty which tends to develop from the use of figures and formulas

METHODS OF CARDIOVASCULAR ROENTGENOLOGY

Reentgenology of the heart smcludes seven procedures the first three of
which are commonly used and the last four m special cases or for some
Pattclar stady They are as follows (1) fluoroscopic examunaton (2)
orthodugraghy (3) teleroentgenopraphy (teleradiograhy) (4) ( )

phy (5) ( ) 10 phy (pl phy) (6) | of
heart chambers and greater and lesser arteries and veins by the injectson of
ﬂdlo-opaque media {eg Diodrast) mto the blood stream and (7) roent
Sentinernatography At the present time the first method 1s wsed umsversally
By the most careful workers everywhere but the other methods are rarely used
“ogether There 15 a duvision 1nto two schools that employing orthodiagraphy
and that wsing teleroentgenography Each of these methods has certam ad
Vantages which will be presented below but m each case fluoroscopy should
be and ordinanly 15 employed along with esther orthodiagraphy or teleroent

ﬁnosmgvhy The seven procedures mentioned abave will be briefly summanzed
2

1 Fluoroscopy (ghuen to flow out poyg cusrent and exorar 10 examune)
flgotﬂscopxc examnatton conststs 1 the study on the flvorescent screen of
. Projection of the heart shadow 10 1ts vanous parts and 10 toto and with

¢ thorax of the subject 1n vanous postions in contact with the sereen If
Possible the subject should harmony with several other methods of ex
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ammation—nspection percussion and auscultation—be examuned chiefly 1t
the upnight position Although the tube may be placed at a distance (2 mekers
or more) from the thorax for the purpose of seeing, the heart and great vessels
relatively undistorted by drvergence of rays (telefluoroscopy), as i the case
of teleroentgenography this 1s not essential imasmuch as accurate measure
ments can be obtamed by orthodiagraphy nor 1s 1t practicable smce 0 much
extra energy 1s required (about 16 times as much as 1s needed with the tube at
50 ¢m) In fact the very magnification of the details and activity of the heart
shadow by the divergent rays 1s helpful and one quickly becomes accustomed
to the degree of distortion Also the 1llummnation 1s better with the tube mearef
than at a distance especially mn the oblique or lateral views
The first position studred 15 most ly the a P ¥ vath
the patient erect facing the observer squarely and leamng his antenor chest
wall against the screen with the tube belund lum  After all parts of the heart
and great vessel shadows have been carefully examned 1 this position the
contour and action of the whole heart observed the action of the diaphri#?
noted along with the effect of deep wnspiration and exptration and the Jung
shadows and especially the hiluses studied the patient should then be rotated
slightly to the left so that the nght antenor side of the chest wall touches the
screen This 1s called the right anterior or first oblique position To 1mprové
the view 1n this position the right hand should be held behind the head and the
Ieft hand on the left hip with the elbow forward Still further rotation 1 the
same direction to the right lateral and right posterior oblique posifions may
then be carried out 1f desired but this 1s usually not necessary study ‘h;
right antenor oblique position sufficing In a simiar way the patient 1 rom!ci
to the night from the anteropostenor posttion until the left anterior part ©
the chest wall touches the screen This 1s called the Jeft antertor of secon
oblique position The left hand should be held behind the head and the neht
hand on the night ip Agan further rotation m the same digection 3y
carnied out if desited to the left lateral and left posterior oblique posiions
And finally the patient may be exanuned with his back squarely ﬂg‘“"sf }hi

fluoroscopic screen 1n the poste position to emphazie al
of the descending thoracic aorta but this position s rarely of any value Fo:
routme fi the three p anteropostertor 1€

P
anterior oblique and left antenior oblique ordinanly suffice An important
part of the whole examunation mcludes careful observation of heart and vessel
shadows during the process of rotation from one position 1o another this may
explam cestain abnormalities the cause of which 1s not obvious m the pos!
tions th 1 Fl pic tracings not orthodmagraphic are sometimes

Throughout the book the pasition of the subject 1 focntgenolog ¢ cxamination 15 J56
nated sccording to the ans termunation at the screen or film as has been customary and 101
the tube thus anteroposterior signifies that the front of the hest rests oganst the 37%
“nght antenior oblique means that the nght anterior chest wall 1s against the screen un“d o
on If the designauon “posteroanterior 1s employed i the place of the customary “3n¢ 0
postenor ™ “Jeft_posterior oblique must be s nularly employed instead of night anter
oblique 1o be consistent but this change 13 neither necessary nor convement
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made 1n one or more positions 1o study outhne shapes but these are of hmuted
value

2 Osthoduwgraphy (opfos straight 8w through and ypager to write)
{Montz 1902) An orthodiagram 15 a tracing made by the observer of the
shadaw of the heart and great vessels cutlined agamst the it e screen
Yy the central rays from the roentgen tube lts advantages are that it 1s very
accurate if welf done because the rays used are exactly paraliel that observa
ton of the heart w zction allows accurate determination of the position of
the apex and of junchens of atna and sentncles or of great vessels and beart
which may not be posssble i any other way that it requires fluoroscopie
observation siot always carnied out with teleroentpenography and finally that
s an mexpenstve method of obtaming permanent records of the shadow of
the heart and great vessels |t has the disadvantages of sncompleteness of
totaf detailed prcture of heart and thorax and of ¢asy possibility of subjective
erors i untraned or careless hands

3 Teleroentgenography (rAe far away Ronigen the discoveser and
Yeedes 1o wnte) or teleradiography (koller 1905) The other method
Touting use for obtaimng a praphic record of the heart shadow by roentgen
12y from which a fanly aceurate 1dea of beart size and shape can be obimmned
15 tef p ' phy} i 15 a secord on
film or plate of the shadow 1n whole or 1 part of the heart ond great vessels
€ast by the roentgen rays with the tube far enough away (2 meters or 6 to 7
1t) fram the chest and plate for reasonable accuracy At 6 10 7 ft the error of
heart sz measurement 15 however sull appreciable the exess m transverse
earthac diameter 1n the normal adult bemng from 10 to 15 em (8 10 12 per
2t) and as great sometimes 1n pathologic cases as 25 cm the excess 1s snill
more evident 11 the measurement of surface area Certain factors enter 1n as
Yatiables to merease or to decrease this error They are chiefly heart size and
thuckness af the anterior chest wall The lasger the heast the greater 15 the
er7or because the rays outlining 1ts shadow are more divergent thar are those
Outliting the shadow of & smalf heart Even the ratio of heart size fo thorax
3128 { the cardiothoracic ratio ) differs s the two technics being shghtly Jess
in tel 5 aphy than n orthod: hy because the maumal frontat
Plane of the heart hes anterrorly to that of the thorax (see Figure 20 page
126} The ad of the are as follows (1) 1t1s a more
obpective tecord than an orthodiagram and so Jess hable to subjectne sources
of error provided the technic be accurate (2) 1t 15 2 more complete record
than the orthodiagram gwving greater detal and demonstrating clearly differ-
CeS 1 postion of the thorax which differences may render mmaccurate
“Umpatative measurements of heart size at diferent times (3 2t outhines more
cleatly hazy or otherwsse mdefintte borders {4) 1t can be satisfactonly carned
Sul by a well tramed and carefol tech the actual and n-
terpretation bewng made from the fimshed film by the physician

Ymography (rpe wave and ypader 10 wnte) About twenty years

380 thete was mntreduced (Stumpff 1931) an mgensous appheation of roent
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genography to the study of the degree and direction of pulsation of the heart
and great vessels first suggested by Sabat (1913) By the use of a gnd o
lead strips wath narrow shits between them 1t 1s possible to record the systolc
and diastolic heart and vessel borders of hmited alternating sections of the
heart shadow when the film moves at a uniform rate across the shis at 2 speed
which allows several pulsations to be recorded for each of the shadow sections
The gnd mav be placed vertically, diagonally or radially and the screen o
the grid may move mn any direction but the usual and most practicable and
instructive arrangement 1s for the gnd to be fixed mn place with the sts
horzontal and for the film to descend vertically In the resulting kymogract
(sec Figure 21) the tanermost limuts (valleys) of the excurstons normally
represent systole 1 the case of the heart shadow and diastole m that of the
shadows of the great vessels while the outermost Iymits (peaks) normally
represent diastole m the case of the heart shadow and systole 1n that of the
shadows of the great vessels In certam disease conditions there are distortiats
of these pulsations an increase, for example n cases of aortic regurgitation
so far as left ventricle and aorta are concerned, or of the whole heart and
both aorta and pulmonary artery mn thyrototwcosts a decrease in €ases of
great myocardial weakness myxedema or constrcting perrcardium of an 80
sence of even a reversal of the pulsation (called paradoxical) of 2 Timuted por
tion of the left heart shadow border at or more often yust above the apexin the
case of a moderately large cardrac aneurysm or myocardial mnfarct There 18
not a great deal of cliucal value m roentgenkymography except m oceastonal
confirmation or discovery of & myocardsal infarct from coronary occlusion the
differentiation at times of aortic aneurysms from other types of mediastnal
umors the separation of the shadows of atna and ventncles and  the
course of complete study of rare or puzzling cases

An snteresting new method of recording the action of the heart fuoro
scopically has been mtroduced through Chamberlam by Henny and Boont
(1945) by the use of the photoelectric cell placed over any desired portion of
the heart border and with gal Smul tracing$ €A%
be made of the electrocardiagram or of caraud pulse or heartbeat tself abo
recorded electnically Figure 22 shows examples of normal and abmormal
curves which have been vanously called electrokymaograms or electrofior®
grams Not only may records be made of the pulsation of atnat and veptrie?
lar borders and of that of the great vessels superior vena cava aorta pulmo-
nary artery and its branches 1n the lung hiluses but so~called densograms con
also be made over the man heart shadow 1tself and over the lungs presentts®
curves of the variations 1 the thuckness of the underlyg mass These electro
kymograms present a clearer and simpler record of the cardiovascular motions
than the films that have been customanly taken 1n the past (Figure 21} ard
will probably supersede them They have the same function howeves 1m 1€
veahing or confirming such diagnoses as myocard:al nfarctron of significant
extent and of certarn aneurysmal dilatations of the great vessels Also they have
been used 1n an effort to measure the stroke volume of the heart
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S Roentgentomography (Roenigen Topos a cut or section and ypdeo 1
wnte) or laminagraphy (Latin lanuna layer and ypidew), O plameraphy
(Latin planus alevel and ypagew) There has also been mtroduced i secent
years a method of x ray study of the thorax that 1s helpful particularly 2
locating 1 three dimensions the exact position of lesions m the lungs Its
of much less importance so far as the heart 1s concerned but the method b
not 1 that direction been wholly explored as yet Tomography consists 1 the

i et
AU TN
T M

X

A Pulmonary stenosis

B Normal

Fi6 22 and taken at the P¥
monary valve area of (1) two patients with pulmonary stenosts and (B) two normi
individuals Note the slow upstroke in the electrokymogram of the two patients wit
pulmonary stenosis Time = 004 and 020 second X = time of second heart 50U
(kindness of Mr M A Rappaport Sanborn Company Cambridge )

recording of body shadows at varying depths by exact focusing of the X 13%
—_thus the anterior and postenior regions of the thorax may be blurred whi!
a sharp outline 1s obtained of a vertical frontal plane 1 midthorax It 15 PO
sible by this means to obtan clearer pictures of the atria and pulmoniry vessel
or of the aortic arch or descending aorta

6 Radio opaque visualtzatron In obscure or special cases the 1ngection €
a radio-opaque medium most commonly Diodrast mnto vems or artenes ¢
arms or legs and very recently even directly into the ventricles themselhe
(Ponsdomenech and Nuficz 1951) has proved helpful 1n establishing 2 <
tailed diagnosts of abrormalities of blood vessels or heart chambers that et
be mpossible m any other way (Figures 23 24 and 148 page 779) Cor
siderable expenience m both mjection and roentgenographic techmic is nece!
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¥i6 24 (4) Diodrast x ray pictures showing the filled right ventricle and pulman"l‘?;
artery m the anteroposterior and left anterior oblique views m the case of 2 "ﬂ’l s
heart (B) Diodravt x ray pictures showing the filled left ventricle i the cawdvpr
normal heart with diseased right lung (Rindness of Dr E R Ponsdomenech an
V B Nunez Havana Cuba)
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sary to obtamn the best results but the method should be made available in
every teaching hospital and 1s helpful i d 1d fly
congenital heart disease

7 Roentgencinematography Finally a seventh method of roentgen ray
study of the heart of interest from the standpont of special investigation or
teaching 15 that of phy The most way whch has
recently been developed consists of cinematography of the shadow as 1t 1s
seen on the fluoroscopic screen (Reynolds R J 1934 Janker R, 1936
Rushmer 1949)

i Y

THE SHAPE SIZE AND ACTIVITY OF NORMAL HEART AND
GREAT VESSELS STUDIED BY ROENTGEN RAY

The shape of the normal roentgen ray heart shadow 1s quite vanable bemng
dependent on a number of factors The heart shadow should be outhned
dunng quiet respiration and preferably 1n the sithng position for forced
Tespiration causes abnormalities of shape and size and the standing and re-
cumbent positions may apprecably affect the heart Marked changes have been
expery ly produced by certain resp y efforts the heart shadow m
¢reasing considerably in stze with the Muller experiment (an attempt to mnspire
forcefully with the glottis closed) and decreasing considerably 1n size some
Uimes to appear Iike the cor pendulosum (pendulum heart) with the Valsalva
€iperiment (an attempt to expire forcefully with the glottis closed) a fact of
considerable mterest (Crowden and Harnis 1929) such experments produce
however very artifictal conditions not comparable to chinical findings The
decrease m heart size durmng the Valsalva expeniment 1s due to the prevention
of entrance of blood 1nto the heart by the ncreased intrathoracic pressure
“hile the snerease m heart size dunng the Muller expenment 1s due to the
increased flow of blood imnto the heart resulting from the markedly negative
Intrathoracic pressure So far as posttion of the subject 1s concerned the
heart size and therefore 1ts shadow may be considerably decreased in the
m“d"‘g position (due to much decrease in the return of blood to the heart in
that posture) while there may be a considerably increased return of blood
1o the heart and increased content of blood 1 the lung vessels 1n the re
umbent position resulting 1n a physiologsc dilatation (Zdansky 1936) In
Ieportng or recording roentgen views of the heart a statement should always

made as to the position of the patient and also the phase or state of
:eSPlralmn To study the heart (in contrast to the lungs) 1t is best to make
h:]f"a'mnﬂlmn and the films dunng very quiet respiratton which 15 essen
dm(}” mudway between full mspiration and full expration There can be great
oy tion of the heart shadow with marked decrease 1n size if the films are
of ﬂ? While the breath 15 held 1n full inspiration a common practice 1n study
ta © lungs (Figure 3C page 32) For further observations concerning the

8¢ of the normal heart the reader 1s referred to Chapter 2

Anteroposterior view In the anteroposterior view the shadow of heart and
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great vessels 1s roughly egg shaped with apex diagonally down and to the
subject s left and with the great vessels attached as a pedicle at the Reft side
of the base (Figure 25) If the diaphragm 1s high the heart lies more hort
zontally and to the left and there 1s 2 more acute angle between 1t and the
great vessels (Figure 3 page 32), if the diaphragm 1s low the heart lies
more vertically and centrally 1n the body seems narrower (because of ths
change of position and of the resultant rotation to the left) and hangs dovs
from the great vessels with much flattened angle (Figure 3)

FIG 25 Drawing of normal X ray heart shadow with the various chambers and grést

vessels indicated (Rindness of Sir John Parkinson and the Lancet London)

SVC superior vena cava RV nright ventricle
PA pulmonary artery LA left atrnum
RA right atrtum LV left ventricle

The borders of the anteroposterior shadow of the heart and great vessel
are three m number because of the roughly triangular shape they are nieht
Ieft and inferior Unless concealed by abnormal shadows in lungs pleurs®
pencardium  or mediastinum the nght and left borders are eastly sevit The
infenior border 1s seen with difficulty or not at all concealed as 1t 1s by mtr
abdonunal shadows unless there 1s suflicient air 1n stomach or mtestines
make its outline visible Its whole extent 1s seen m only two condittons (1
preumopentoncum and (2) interpolation of colon between heart and Tuer
The upper border of the heart at the junction of the great vessels 15 not seen
except at its puter ends

1 The right border (that to the nght of the sternum of the subject not
on the observers nght) 1s composed of three parts The uppermost IS’:
rather famnt straight vertical edge extending shghtly outward and to the ﬂSh
from below up and not always clear It 1s produced by the shadow of the
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nght border of the supertor vena cava and mnomnate vem at the upper part
overlying the innomunate artery the artery itself if dilated or promment may
form the shadow edge The second part (next mn order below) 1s the straight
edge of the supenor vena cava or more commonly the skightly convex shadow
of the nght edge of the ascending aorta supenmposed on the superor vena
cava shadow and making up a second quarter or more of the whole nght
border the inwardly directed curve of this aortic shadow to the left can
often be made out overlying the famter shadow of the vena cava The third
part of the night border of the heart shadow 1s the moderately convex shadow
of the rieht edge of the night atrium from a pomt just below the mouth of the
Supenior vena cava down to the nfertor vena cava which can in rare 1nstances
be barely seen as a very short straight hine quickly disappeanng mto the
shadow of the diaphragm this nght atnial shadow makes up the lower third
to half of the night border of the shadow of the heart and great vessels
2 The left border of the shadow of the heart and great vessels 1s consid-
erably longer than the right (about 50 per cent longer) and 15 made up
tormally of four parts The uppermost part 1s a short convex curve close to
the apex of the whole shadow and 1s directed up toward the left shoulder of
the subject 1t 15 vaniable in prominence and 1s due to the shadow of the upper
and left edges of the aortic arch and beginnung of the descending aorta The
second part 15 a shightly convex curve just below usually shghtly longer than
the first but making a considerable angle with 1t directed downward from
the subject s night to his left and often almost continuous m direction with
the Jeft border of the main shadow of the heart rtself which lies below the
trunk of the pulmonary artery and 1ts Jeft mam branch cause this convexity
Third and next below for a very short distance and forming a straight or
shghtly convex Iine lies the left border of the left atnal appendage often not
Gstinguishable from the edge below 1t unless 1its presystolic pulsation happens
1o be seen or there 15 marked left atrral bulging And fourth the major part,
10 thirds to three fifths of the left heart and great vessel shadow border 15
€aused normally by the left ventrnicular shadow forming a slightly or moder-
ately convex line sloping to the subject s left from above downward and be
coming more defimtely curved downward as the apex 1s approached
tha "When the loner border of the heart shadow 1s visible 1t 1s made up of
h:lfﬂpex and lower border of the left ventnicle on the extreme left then for one
Caus(; three quarters of the distance to the subject s right heart border 1t 1s
th ¢d by the nght ventricular shadow and for the rest of the distance to
‘e night of the mdsternum by the nght atnum However varying positions
vﬂ:’: lhean alter these relattons for example 1n the case of the drop or
cart ahhc:m little or none of the nght atnum forms the lower border of the
. shadow When this lower border 1s visible 1t 1s shightly convex near the
Pex but faurly straight from there on
N ": l1;'1eak of the heart and great vessel shadow 15 blunt and obscure except
aorta € aortic arch 1s vistble on the subject s left, but 1n some cases the
CIossing above the pulmonary artery to form the arch can be seen This
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peak of the great vessel shadow 1s more cylindric than cone shaped beng 2t
elongated pedicle

Right anterior oblique view In the nght anterior or first oblique vier
(Figure 26) the shadow of the heart and great vessels shows m front from
below upward the convex curve of the nght ventricle 1f the subject 1s suff
ciently turned f the rotation s shght the left ventricle may be seen At the
upper third of this antenior edge the pulmonary artery and aortic shadows
appear and the latter sweeping over 1n a long curve loses 1tself in the shadow

F16 26 Drawmng of shadows of normal heart and great vessels i right am{:rsuﬁ
oblique position with various chambers and great vessels indicated (Ktndness O
John Parkinson and the Lancet London )

IVC inferior vena cava RA rnight atnum
PA pulmonary artery RV pnght ventricle
LA left atrium LV left ventricle

of the spine postenorly Under this aortic shadow and at the upper part of
the posterior border of the heart shadow lie the bifurcations of the trached
and of the pulmonary artery Below this are the straight or shightly convex
borders of the two atnia the left above the night and the latter extending down
to the diaphragmatic shadow where the inferior vena cava may be just visible
The antenior and posterior mediastinal spaces should be clear and the trachea
and bronchi are usually to be seen The left ventricle 1s concealed at the bac
of the heart shadow 1n this posttion (note Figure 20) M
Left anterior obligue veew In the left anterior oblique view (Figur® b
the heart 1s seen s 1t were almost in sagittal section both ventricles and b";‘
atria being evident the two former making up the lower two thirds of ¢
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heart shadow the night 1n front and the Jeft 1 back and the two latter making
up the upper third of the shadow, the night 1 front and the left behind The
2o0rta arches over the top its whole extent may be seen better m this view than
1 any other if 2t 15 sclerotic but normally the outhne of the lower border of
the aorttc arch i made out with great difficulty if at alt Below the aorta at
the upper g of the heart shadow posteriorly 18 the puimonary artery Be
een the aortic arch and the pulmonary arch 1s a clear space called the

aomtic window

il
il

i
4

"
i

Jm 27 Drawing of shadows of normal heart and great vessels in feft anterior
? “que possion with varous chambers and great vessels mdicated (kandness of Sur
ohn Parkuson and the Lancet London }

PA pulmonary artery RV right ventucle
LPA left pulmonary actery LV %ft vertricle
LA Left atum

Note qorne window {open space) separating aottic arch from pulmonary artenes

The chief advantape of the oblique views hes i the study of aorta and left
atewm ths g especialiy true of the left antenor obhque view which has been
fegarded by some workers as the most valuable of all views 1 establishing
the comparative size of the vanous parts of the heart

Lateral view The Iateral view 1s of value 1 measunng the depth that 15
the anteropostenior drameter of the heart for its own value or for use m 2
formuta 10 estimate the heart volume (sce page 146) This duameter 1s taben
3t nght angles to the long axis of the heart
o ::Dmlzl size of heart and great vessels Certain measurements of heart size
of it on the orthod: am or are m routine use and are

some value in spite of the wide normal vananons and of the difficulty or
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impossibility of judging accurately erther the presence or degree of shizh
cardiac entargement by such measurements It 1s obvious for cvample
increase 1n heart volume 1s represented by a far smaller increase i measit
ments of diameters or of area an ncrease of 100 cc of volume would ad
only about 15 sq cm to the area in the anteropostertor view

The following are the more useful teler Lraphic ts &
but two obtaned 1n the anteroposterior view to make correction for orthe
dragraphic records subtract 10 per cent Other measurements of all sorts hav
been suggested but only the more mmportant or interesting will be mentione
here

The transverse diameter of the heart (T or H—Horizontal—of Bordet)
made up of the sum of the maximal distance of the right border from ¥
midsternum (MR) and of the maximal distance of the JLft border from &
mudsternum (ML) Normally this diameter measures 1 the adult from !
to 15 cm depending on the size of the person and from 6 to 10emmt
child

The long diameter of the heart (L) 1s the distance from the junction:
night atnal and great vessel shadows on the night border to the pomnt of i
cardiac apex INormally this dtameter measures 1 the adult 10 t0 15 ¢
more than the transverse diimeter on the average therefore from 1to.
cm and 1n the child 0 5 to 1 0 cm more than the transverse diameter that:
from 7 to 11 cm )

The broad diameter of the heart (B) 1s made up of the ddition of t
lengths of two perpendiculars dropped from the Iinc of the long diametef
the junction of right atrial shadow and diaphragm on the nght (BR) and
the junction of left atrial (or left ventricular) and pulmonary artery (orme
ventricular) shadows on the left (BL) Normally this diameter measures
the adult 8 to 11 cm and in the child 5 to 8 cm

The left ventricular chord (LV or VG—entricule gauche—of Borde
subtends the arc of the left ventricle from its upper extremuty on the left
the apex Normally this chord measures mn the adult from 5 to 9 cm and
the chuld from 3 to 5 em

V5 1dth of the great vessels (GV) A measurement of some nterest but r
of much value 15 that of the width of the shadow made by the grent ves¥
at the widest part of the pedicle of the heart shadow usually at the level
the second 1 space | ly i This nt V“"e;
not only with dilatation of the aorta and superior vena cava but also wit
kinking of the aorta when 1t is very tortuous from nrteniosclerosis of pushe
upward by an enlarged or honizontally placed heart resting on 2 high d’;
phragm Normally the width of the great vessels measures 5 to 7 cmm ¥
adult and 3 to 4 cm 1n the child of ten years of age

The diameter of the aortic arch (Ao) taken n the anteropostertor post
tion 1s a measure of the length of the honizontal hine drawn from the outc;
most bulge of the aortic shadow at the left of the midsternum to the sh:\d"cs
of the barum filled esophagus which passing under the aortic arch outhn
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he night border of the descending portion of the arch a subtraction of 2 mm
s necessary to take 1nto account the thickness of the wall of the esophagus

1f this hine 1s not horizontal the measurement 1s naccurate because of ab-
10rmal relative positions of aorta and esophagus The mormal upper lmmt
of this aortic arch measurement n the adult should not be over 3 cm The
diameter of the aorta at the beginning of the arch (Ao or Asc A) 1s found 1n
the right antenor oblique position by measurement of the horizontal lme
Joming the two sides the anteror edge outlined by the antenior mediasttnum
and the posterior edge by the trachea Two millimeters comprising the thick

ness of the tracheal wall should be sut d from thus to obtamn
the true aortic diameter which should normally range from 25 to 3 5 cm
at this pomt  An of the d of the aortic

arch 1s that obtaned m the le(tyantcrlor oblique position namely the verticat
distance from top to bottom of the aortic arch shadow at the top of 1ts curve
This 1 the normal adult averages 30 to 3 5 cm It 1s unsatisfactory because
often the Tower border of the aortic arch 1s seen only with great difficulty 1if
atall unless a contrast medium has been mjected
The depth of the heart (or anteroposterior diameter) 1s measured at night
angles to the long axis of the heart mn the lateral view at the pomt of greatest
thickness Normally this measures two thirds to three quarters of the trans
verse diameter of the heart 1n the anteropostenor view (Roesler 1934) or in
the adult 6 5t0 10 5 em and 1n the child 4 to 7 em Its chief value 15 1n check-
ing the ficance of the of the d of the p 101
view and 1n forming a part of a formula for estimating the volume of the heart
A standard but often unsausfactory measurement of chest size for compan
Son vuth heart size 1s the wnernal diameter of the thorax (Th) at 1ts widest
Point just above the diaphragmatic attachment
e areq of the heart shadow (A) which does not mnclude the great vessels
18 measured after arbitranily jounng by slightly convex lines the outer and
rsxble ends of the upper and lower borders The area can be easily determined
oi the use of a plammeter less easily by supenimposttion of cardiac outlne
o Paper specially ruled with centimeter squares or by weight of paper cut
ut exactly to fit heart shadow compared to weight of 100 sq cm of the same
f::e; (Mazer 1942) but most eastly by nomogram based on the broad and
mﬁn lla;)neters of the heart (Ungerlerder and Gubner 1942) The area of the
adulte; eart shadow 1n the anteroposteror teleroentgenogram measures in the
and ml;gm 65 to 145 sq em averaging 112 for males and 100 for females
E ¢ newborn from 17 to 20 sq cm
mally attempts have been made to obtain a measurement of heart 1 olime
azl; use of various f Such th rdeal has not
y :’n Vp;()ved practical 1t will be discussed below The range of the normal
from 3;0ums 1 the adult male 15 from 400 to 900 ¢¢ and 1 the adult female
hen t;:) 350 cc (Comeau and White 1939)
more e heart lies horizontally the transverse and long diameters become
nearly the same A correction of the normal transverse measurement for
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posttion has been suggested based on the angle between the hnes of theset
diameters and utihzing the surface area of the body for standard comparsth
The smaller the angle and also of course the larger the surface ared ofth
body the longer should be the transverse diameter Figure 28A shoss i
average normal of the tr d with these two vl
ables charted and Figure 288 shows the surface arca of the subject 1n s
meters calculated according to height and weight This latter figure may e
be used 1n calculating the normal vital capacity (see Chapter 10)

The relationship of depth or thickness of the heart to the size of the %
and diameters on the frontal plane silhouette 1s of much interest and of funﬂld
mental importance The flatter the chest the less 1s the depth of the heart a8
the greater are the vanous frontal plane measurements the deeper the ch]”['
the smaller should be the frontal plane measurements of the heart {Rocsl!
1934) N

Calculation of normal heart measyrements The simplest most pract
and most rehable heart measurements are those of the diameters lmnswr“(
long broad and anteroposterior (or depth) They are measured durectly a¥
usually with ease The transverse diameter 1s the most useful of the dameters
the anteroposterior the least used Tables shide rules and nomograms (HO“IS“I
and Eyster 1926 Ungerleider and Gubner 1942 Kurtz 1943) have e
constructed for the calculation of the mormal average transversé dmmr“'
according to height and weight for companson with the actual finding 1 ‘ﬂ;
given cise (Figure 29) The range of normal varies from 10 per cent abU;
to 10 per cent below this figure a fact that materrally diminishes the value
this as well as all other roentgen measurements as utilized at present 4
Chapter 2)

A roentgen measurement of heart size very popular 1n the past but genek:
unreliable and unsatisfactory because of the extremely wide range of
normal {(from 33 to 57 per cent) 1s the so-calied cardiothoract¢ ratio 9
heart lung quonient using a fraction 1n which the numerator 1s the transyer
diameter of the heart and the d the nternal d of the thora!
the normal range 1s from 033 to 055 Not only 1s the range of pormal 10
wide because of the poor correlative standard of thoracic width (hﬂSh‘ ar
weight are preferable although also open to objection) but the cardiothoract
ratio has m addstion the defect inherent m the transverse diameter which dos
not take into consid the broad di of the heart which may
con«iderably ncreased m mitral stenosts for example without mcn:nsc){
the transverse diameter There are however rare persons of unustal bulk
short and light with wide chests 1n whom the cardiothoracic ratio applies mof
accurately than do other formulas

The other diameters especially the long and the broad are useful 2
supplements of the transverse but are more readily considered m canncctlﬂc
with area measurements either made directly or by formula as n the nom
gram 1n Figure 29

The measurement of the area of the heart shadow i the frontal stlh

o

ouettt



7 ] t 22
27
3 32
a7
15 42
47
su 52
3
E
T
L
c —-I22
Rgf—27 L
32 7D
iy Beced on surface cred_|
2 L] te f——1
1 ——'317
52
o [
14 15 16 17_ 18 19 20 21 22 23
Surface Areas
‘We:ght— Pounds
20455 66 77 88 99 W0 121 132143154 165176 187 198209220231 242 5
RN Joh2 ™N22N]23 H
150 PRER 16 N 743
El
e Em‘
2170 67 .
E NN TN PAl 2
Eieo 63 &
E o J O ~, L2 £
MEY L 59 1
1 L. 8 £
140 | 17 55 @
16 W 2
2130 @ P
H N5 o r
120 9’*( A l&, ‘Ef” # 47%
110R8 12.] al
100 o || 391
20030 40 50 60 76 80 9 106 10 4

We ght — Kdograms

. FIS 78 Corrections for angle of hearts axis (A) Chart for the determination of the
l‘:n'nzl Vaflation of the measurement of the transverse diameter (T D) of the roentgen
hean x)!:/dlof’vl;mh varying herght and weight (Smith and Bloedorn U.S Naval M Bull
)
“:I;) Chart for the determmation of the surface area of the body from the height and
Sndt (Dubois E F Fig 19 on page 119 of Basal Mesabolism in Health and Disease
©d Lea & Febiger Philadelphra 1927

143



144 HEART DISEASE
d ]

that 1s on the usual anteroposterior tel 2 am or ortk g1

theoretically sounder than that of the diameters and actually it has beet
found to be faurly sattsfactory when compared to the size of the mdmidul
as i the formula orthodiagraphic cardiac area in sq cm = age X 00704+
stature X 0 8668 + weight X 0 337 munns the constant 63 8049 (Hodges 2

FRONTAL TRANSYERSE
AREA DIAMETER
HEIGHT 5Q CM WEIGHT MM
IN' CM TELEO ORTHO IBS” KG  TELEO ORTHO
a2 1104102
s g nz2f 104
e L 14106
os 184 1161108
08 1-88 nsno
102 1-92 1200 432
1064-96 :;i 4
No—-100 126 né
114404 s
N8-1108 130120
1227, 1321122
126 o 13a 124
130 0 136 4-126
134 3
124 138126
138 128 140-F 130
142 \a2 142132
146 . 1444015
gl 150 146135
196 L os
154 4-140 212 148
78—~ et 138
79200 158J-144 Zod100 160
rse dramiet

Fi6 29A Nomograms for determination of the frontal area and transvel o
of the normal heart shadow of predicted I
height and weight "

The Hodges Eyster formula apphied by Kurtz The roentgen films and or(hodﬂsfm
were made during quiet respiration. Add 10 per cent of patient s age to predicted "w
verse drameter The measurcment of the area by teleroentgenogram 15 11 P C
greater than the area of the heart shadow by orthodiagram The transyersé dm;‘u
of the heart shadow in the teleroentgenogram 1s 8 per cent greater than that ©f
orthodiagram .

In maﬁmg the determmation a straight edge joms the figures for the height and M’f’
of a given case The porats of intersection of this line with those recording "‘: n
transverse diameter are then read off as representing the expected averase ﬂf‘mv‘r
wath the additton of 10 per cent of the patients age the expected averase "ﬂr m
dumeter An allowance of 10 per cent extra is to be considered the extreme Uppe
of normal {(kimdness of Dr Chester M Kurtz Madison Wis )
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Eyster 1924) Thus for a person fifty years old 173 ecm (5 ft 8 1n) tall
and weighing 70 kg (154 1b) the orthodiagraphic cardrac area should be
normally 112 sq cm If the heart area 1s found to be 7 sq cm larger than the
predicted area by this formula the chances are 3 to 1 that the heart 1s actually
enlarged 1f the actual area 1s 14 sq cm larger than the predicted area the
chances of cardiac enlargement are 10 to 1 and 1f 21 sq cm larger the chances
ae45to 1 A simple calculation by shde rule or nomogram (Figure 29) can
be made to determmne the e‘(pected normal at any age height and weight
for esther orthod; or am

BROAD DIAMETER LONG DIAMETER
CM M
ORTHO TELEO ORTHO  TELEO
80485 80485
85490
9095

FRONTAL AREA

ORTHO  TELED

[
7 WEIGHT
078 s X6
74y 95
78 ee oo ¢f
105435
sz pse 110--50
a6f 94 15452
98 120154
o 9% 125136
94 130438
P 13189
10 1404 ¢
Ll Y 145188
106, 15068
179 18 155170
otz 160- ;i
5 nafaze 1o 160
180 V8F130 wsid
1224134 ::g 2 165
185 12F 138 ot o4
1304142 1951 88 170
190 aaFes 2001 %
fSeg o 25T 94
LT 210494 175
s oLl 2154 gg
200 158 2201100 V70
bt 37

fra 298 Area of heart shadow of o of
the long and broad diameters (lhe prtdlc!ed area trom height and weight)

A=Z 251X B (Kindness of Dr Harry Ungerleder Equitable Life Assurance Souiety

of lhe US New York City )



146 HEART DISEASE

The 1deal measurement of heart size by roentgen ray should be that o
volume because of the established fact that the heart normally and abnormall
vanes constderably 1n all 1ts d As yet however the determnationd
the heart volume has not been routinely troduced and under present cond
tions 1t 1s not likely that 1t can be sausfactonly applied chimically for two 162
sons (1) in the first place there 1s far t00 wide a range of normal heart s
using recogmzed correlations and (2) the technic 1s not easy of accurale
especially 1n the very cases of cardiac enlargement n which the physicias 8
most interested  Vartous formulas have been suggested especaally those by
Bardeen (1918) kahistorf (1932) Benedeti and Bollm (1934), and
Strandquist (1935) Bardeens formula 1s 053 X A (relemenlgenogmﬂh“
silhouette area) /2 = V (volume) m a case with area of 100 sq cm the heatt
volume would be calculated to be 530 cc by this formula which 1s probably
not far from the true volume of a partrally filled heart 1n an adult of averat
size Kahlstorf’s formula 1s ¥ (volume) = 0 63 X orthodiagraphuc sithouei
area of frontal plane heart shadow X maximum anteropostertor diameter ®
If the area 1n a given case equals 100 sq ¢cm and the anteroposterior drameter
equal 85 cm the heart volume according to this formula would be 5350
Benedett: and Bollim have published a formula for the sndimensional het
size Ve (vol ) = 045 X the long dameter of the heart n the anteroposter™!
orthodiagram X the broad diameter of the heart in the anteroposterior ortho
diagram X the depth of the heart in the lateral orthodiagram a case with Jon®
d; of 12 em tr. d of 10 5 cm and depth of 9 cm woull
thus have a volume of 510 cc Strandquist gives the following formula usi’
orthodtagraphic measurements V (volume) = 2/3 x 1/2 L (long drameter)
x 1/2 B (broad diameter) x S (depth of heart in sagital view) USE el
T aphic he suggests V' = 042 L x B x § Thus vt
the last named formula m the case of a normal adult with L =14 B= 10
andS =9 we find that V = 529 cc One must of course correlate the hes?
volume determined by any formula to body size and also to the degree of fillin®
of the heart under some standard condition As has been noted already, the
filing of the heart and hence its volume will vary greatly under certatt con
ditions probably changng at Jeast 100 per cent in passing from the Valsahv
expermment to the Muller expenment (see page 135)

Careful clinical studies made at the Massachusetts General HOSF“"’]
(Comeau and White, 1939 and 1942) have demonstrated the 1nadequacy of
all these various measurements chiefly because of the wide rang® of 1t
normal heart size and shape in connection with all recognized correlation’
such as height and weight and body surface area It 1s hoped that other stan
ards representing types of body build may some day prove more suitable 2%
permut more reliance on roentgen measurements At present the symple trans
\erse diameter of the heart related to body herght and weight follownt
Hodges and Eyster s tables seems the most satisfactory measurement of heart
size with area a moderately close second The reason why area 1s not
1t should be on first thought 1s that a considerable part (the upper and

petter 3
owet
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borders) of the circumference of the heart shadow (in the anteropostenior
view) has to be arbitranly pleted before the by pl
- can be made This same reason plus the frequent difficulty of sharp measure
- ment of the depth diameter of the heart (as well as the great range of normal)
makes the volume 1 f: v The ly used cardioth
Tacic ratio 15 1n general too crude and its normal limits are far too wide how
ever 1t can be useful in rare cases who are not tall but who have very wide
chests
Fnally 1t has been suggested that 1n addition to 1nspection of the size and
density of the hilus shadows of the lungs in the anteropostertor heart shadow
ameasurement of their breadth be made This 1s much better done on the nght
side the measurement bemng actually that of the lower main branch of the nght
pulmonary artery Normally this hulus shadow measures 11 to 14 mm broad
(average 13 mm) wath the tube 1 5 meters away from thorax and screen If
1t1s over 15 mm broad 1t 1s abnormal
Taken altogether these measurements of heart and 2ortic size should be
mterpreted very freely they are probably better than no measurements at all
when they are so mterpreted But when an attempt 1s made to fit each case
within narrow so-called normal standard himits 1t 15 better to discard all
measurements and to rely simply on general impressions and experience Some
Physicians do this now and are as successful 1n diagnosis as are other phys:-
¢ians who rely on extensive tables or formulas
Activity of the normal heart and great vessels as seen roenfgenologcally
Normally the atrial contractions precede by a small fraction of a second (about
015 second) the contraction of the ventricles Theoretically thuis nterval 1s
sufficient to allow the atnial contractions to be visible 1n fluoroscopic examina
tion but often this 1s not actually possible the vigorous ventncular action
conung 5o soon after that of the atria that they both seem to share but a single
motion 1f however the atria are enlarged and vigorous and very close atten
Bons paid to the nght atrial and left v borders 1n the posterior
VIew orto the left atrial and left ventricular borders 1n the left antertor oblique
VIew 1t 15 possible to distinguish a retraction of the atrial border ahead of the
ventncular This separation becomes more and more obvious and marked with
Increasing delay 1n atrioventrcular conduction and mn complete block the
atnal contractions may be clear Often atnal fibnillation weak or scant atrial
contractions or obscure outlines prevent any evidence of atnal action at all in
Uoroscopic examnation and 1f there 15 free mtral or tricuspid regurgitation
Ventricular systole may be vigorous enough to cause an outward movement of
the atrial borders
Ventricular action also varies very much normally in force extent and
QI\aracter In repose 1t tends to be quiet shght to moderate 1n fullness and
slow with lessurely (that 1s relatively long) systole After exertion and, with
:l‘:ll!lement 1tis active rapid and forceful with shorter systole with the espe
ncrease of circulation due to exertion the contractions are fuller as well as
™ore rapid In the upright posttion a vertical heart may beat rapidly and force-
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fully laboring to send out blood which 1s coming t0 1t 1n too small an amount
Firm abd P by rel this situation slows and calms te |
heart action When the ventricles contract apex and base of the heart 3>
proach each other the base moving down sn this process even more than i
apex moves up and the heart rotates to the night so that the apex of the kit
ventnicle strikes the chest wall This composite movement 15 more obvious
the case of the horizontally placed heart than n that of the vertical heart I
can be made more evident 1n either case by increasing the fullness of contret
tion by exercise The pulse of the ventnicles 1s a single rapid process not
accompanied by a wave of contraction the wave like change that 1s some
tumes seen passing down over the base of the left ventricle with systole
simply the actual movement of the base that 1s the atnioventricular Junction,
toward the apex as the heart contracts

The great arteries that1s the aorta and pulmonary artery are seen to dilate
with systole as the blood 1s pumped 1nto them thus results in a verttcal rockin
or seesaw motton of the heart shadow with retraction below and outthrist
above especially evident along the left border This motion can be mereased
by exercise or excitement and 1n 1tself 1s not abnormal except as it may
much magnified under certamn condttions as for example with aortic of pul
monary regurgttation Pulsation of the great veins 1s not normally yisible X
cept for that of the supersor vena cava an the recumbent posttion when at
and ventricular waves are seen A slight pendulous movement of the heart 18
due to respiration and not to heart action itself Moderate pulsation of the Jung
hiluses due to the presence there of the larger branches ot the pulmons?y
artery may be normally visible 1n thin adults or 1n children with ncreas
heart action

Roentgenkymography electroky: phy and i by
already described above are methods that may be employed to obtam perm®
nent records of cardrac and vascular pulsation and thus to supplement fluoro-
scopy

ABNORMALITIES OF SIZE SHAPE AND ACTIVITY OF HEART
AND GREAT VESSELS STUDIED BY ROENTGEN RAY

The vanous abnormaltties of the roentgen shadows of the heart and grest
vessels will be presented 1n appropriate chapters later 1n the book with par
ticular relation to etiologic types and structural defect The mdex may be ¢ot
sulted for quick reference to the special pages concerned A few further notes
should be added however in concluding the present chapter

Dusorders of cardiac rlythm Although 1t 1s possible to diagnose such dir
orders of mechanism as premature beats paroxysmal tachycardia atrial fibal
fation and even flutter atnioventnicular nodal rhythm and heart block bY
fluoroscopy their identsfication and analysis are so much easier and more com

plete by other methods of pecially electrocard: hy that
fluoroscopy 1s not a procedure of choice for their study Thewr presence mc‘:‘y

be first noted 1n roentgen ray examination but details are sure to be misS



CARDIOVASCULAR ROENTGENOLOGY 1437

With tachycardia whether of physiologic or pathologic nature the heart
shadow often decreases 1n size with bradycardia the reverse 1s usually true
Calaficaion Calaificatton may be noted m heart arteries or pericardium
1t 1 most commonly and easily seen 1n the penipheral arteries especially
those of the legs The tortuous course of the calcified vessels may be found
with or without symptoms or signs of faulty circulation 1 muscles and skin
such as intermittent claudication or gangrene The next most common site of
visible caletfication 1s the thoracic aorta the whole vessel may be clearly out
lined by general calaification (Figure 144 page 749) or there may be 1rregu
lanties of density due to plaques The abdommal aorta may also be sufficiently
caleified to be hized by gen ray especially if there 15 much air m
the overlying gastr tract { ly there may be enough cal
afication of a diseased pericardium to be wisible by roentgen ray (see
Figure 140 page 730) such calcification 15 best noted end on in the
oblique or lateral views Sometimes calcified valves (especially m calcareous
0rtic stenosis) or areas mn the myocardium (old nfarcts) or even calafied
mural thromby may be seen Calafied coronary artenies may be recorded on
the or seen fl pically but only in cases of advanced
disease which 15 usually cleacly evident on chnical exammation here the cal
afication 15 simply a gravestone covering tissue long dead
Pressure on bones Changes of bones due to eroston or deformity caused
by beart or blood vessels are to be looked for A very large heart m early
childhood may cause a bowing out of the left antertor chest wall With coarcta
fion of the aorta the nbs may be eroded by the widened 1ntercostal arteries
aresult of the attempt of the body to compensate for this congemtal defect (see
Fiure 77 page 332) m some cases the diagnosis of this congenital
defect has been first d by ray Vertebrae ster
MM and ribs may be found to be eroded by the pressure from aneurysms

of :horacxc or abdominal aorta or of the mamn branches of the thoracic
aorta

Fat shadows Ay the apex there ts often a considerable tniangle of fat lying
1: 2 fold between pericardium  pleura and diaphragm (epipericardal fat)
this 15 of Tess density than the heart shadow (see text and Figure 7 pages 38
20d 39) and should not be confused with 1t to occasion an mcorrect diagnosis
‘;fggardlac enlargement such as has frequently happened (McGinn and White
. 6} This mass of fat may be as wide 1 transverse duameter as 2 cm 1t

n be easily differentiated on fluoroscopy especially on deep mspiration and

zznzommst films There may be fat also at the night heart border but of lesser
unt
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CHAPTER 8

THE PULSATION OF HEART AND BLOOD VESSELS
SPHYGMOGRAPHY BALLISTOCARDIOGRAPHY
THE CAPILLARY CIRCULATION

Very hmile revision of this chapter has been needed for the present edition
of this book A brief section however has been added on balbstocardy
optaphy for 1t 15 here that such mechanical recording belongs

Harvey W Exercitato Anatonuca De Motu Cordis Lt Sangums In Ammalibus
Frankfurt am Mamn 1628 (An Anatomical Disquisition on the Motion of the
Heart and Blood 1 Amumals Translation by Robert Willis for the Sydenham
Socrety 1n 1847 )

Chapter 1 The Author s Motrves for Writing
“When I first gave my mund to viviscctions as @ means of discovertng the mo
1085 and us s of the heart and sought to discover these from actual mspection
and not from the wrtings of others [ found the task so truly arduous so full of
difficulues that I was almost tempted to think with Fracastortus that the motion
fthe heart was only to be comprehended by God For 1 could netther nightly per
:S: at first when the. systole and when the diastole took place nor when and
f¢ dilatation and contraction occurred by reason of the rapidity of the motion
which jp many arimals 13 accomplished in the twanklng of an eye conung and
f:“’b bike a flash of lightatng so that the systale presented rself to me now from
th]: boint now from that the diastole the same and then everything w.s reversed
“":\honons occurning, as it seemed varsously and confusedly together My nund
“hat I:c“”: greatly unsettled aoc did I knaw what I should mysclf conclude nor
g Yieve from others ¥ was not surprised that Andreas Laurentius shoutd nave
Tdy 3t the motion of the beart was as perplexing as the flux and reflux of Eunipus
o 2ppeared to Anstotle
® ‘:l Tength Lnd by ustng, greater and daily diligence having frequent recourse
e :scr:nons employmng a variety of ammals for the purpose and collating
mnutius observations [ thought that I had attaned to th= truth that I should
Wmud: myself and escape from this labynnth and that ¥ had discovered what I
desred both the motion and the use of the heart and artenes stace which
e1
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ence to the centre than 1n the opposite direction were there even no valwes 0
oppose tts moiion

Sphygmography (ogvypos pulse and ypapen to write) s the process of
obtaining a tracing of cardiovascular pulsation whether from the apet
pulse of the heart (cardiogram) from brachial radial or other artery {arfert
ogram) from jugular or other ven (phlebogram) or from pubsating ler
(hepatogram) The term polygram applies to simultaneous records of any tho
or more pulses or of pulse and resprration Commonly the polygram regiiers
the brachal or radial pulse and the jugular pulse wm addition the electrocardi
ogram 1s usually recorded simultaneously or even replaces one of the other
mechanical graphie tracings The mstrument which makes any of these con
bined tracings 1s called the polygraph The techmic of sphygmography will pot
be discussed in this edition 1t 1s amply presented elsewhere (see Bibliography
at end of this chapter) It need only be added here that developments 1t the
last few years have made 1t possible to obtamn with ease excellent electrcal
(galvanometric) tracings of cardiac artenal and venous pulses (Muller and
White 1941) that total cardiac vibrations recorded by the cathode ray are
now available for study (Kountz and Smuth 1941) and that graphic records
of the recoil of the body from the ejection of blood by the heart into the aortd
(ballistocardiograms) have been utihzed to estimate the cardiac output per
beat (Starr et al 1939 1940)

CARDIOGRAM

Although 1t may seem at first thought that records of the pulsation of the
heart itself transmitted to the chest wall should be simple and reliable evidence
for the analysis of the mechamism of the heart beat expertence has shown
otherwise The result 15 that the cardiogram 1s rarely obtaned or studied
except 1n special instances or 1n mvestigative work The reasons for this nef
Iect are several In the first place the technic 1s often far from easy A thie
chest wall pulmonary emphysema or very weak heart actton may make
difficult or impossible to find anv cardiac impulse at all In the second place
the shape and interpretation of the tracing depend on what part of the 1mpuls®
1s recorded whether that over the left ventnicle at the apex or that nearef the
sternum over the right ventricle In the third place the complexity of the trac
g whech 1s often difficult to explain makes 1t less convement than the artent
ogram phlebogram and elect diog) 1 the analysis of arrhythmias
And finally 1n our present state of knowledge at least more helpful nformd
tion 1s afforded us by the other tracings for example shght pulsus alternans 11
the arteriogram shown poorly or not at all 1n the cardiogram delay 11 atae-
ventncular conduction m the jugular phlebogram found with difficulty by
direct cardiography and information about the myocardrum shown by mtrd
ventricular block and T wave changes of the electrocardiogram and usually
not even suggested by the cardiac apex tricing Nevertheless the cardiogram
1s of some mdividual mterest for itself and should be briefly descnibed

1
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The normal cardiogram varies according to whether 1t 15 obtamed over left
ventnde or night ventnicle (Figure 31) Over the feft ventnicle the outthrusts
and hence the upstrokes of the tracing occur with systofe over the nght ven
trucle unless 1t 1 enlarged systole causes depression If the atnal contraction
1s vigorous and tracing conditions favorable we may find a definute upstroke

@ preceding the sharp hgher ventricular upstroke of the left ventncular
apeximpulse or preceding 1n the same way the sharp ventncular downstroke
over the night ventncle This a wave 15 more promnent aver the nght ven-
tncle than over the feft especially 1n the epipastnium A record taken where
systolic outthrust and retraction merge will show vanous and sometimes con

fusing combimations of the two tracing shapes The wave due to ventricular
contraction 15 usually overshot in the tracing partly because of the actual
event but also because of the varying degrees of mertia of the apparatus em

ployed Then follows dunng ventricular systole a setthng down to a varable
fevel tilf the shock of closure of aortic and pulmonary valves ends systole and
begns diastole Quute early 1n diastole (about a tenth of a second after its
onset) there may appear comcident with a protodiastohc heart sound a shight
mpulse due probably to the vibration of the ventrcular walls from the cur

fent of blood that enters at that tume (Figure 31) Such a dastolic event 1s
more hkely to be tecorded wath forceful slow heart action 1 thin young
persons or with serious protodiastolic gallop rhythm (discussed m Chapter §)

Fially vanous oscillations may appear 1n the cardiogram which are unex

planed but are probably due to wibrations of the chest wall

Abnormalities of the cardiogram include increased and decreased force and
¢xcursion of the atrial and ventnicular systolic impulses and retractions delay

tween these impulses 1n heart block and extra waves 1n gallop rhythm (see
Figur. 31y

Grosy pulsatory movements of the wall of the thorax resulting from the
2;“'“"?“ (Dressfer 1937) have already been referred to 1n Chapter 5 page

ARTERIOGRAM PULSE WAVE VELOCITY

Atteniogram  An artenial pulse traung may be obtaned from almost anv
Superficial artery but 1t 15 customary 1o use the brachual or radiaf artery for
x‘mh 2 purpose Nearly a century ago the first attempts were made to study

© @irculation m man n health and disease by tracings on smoked paper made
)ﬁg gg\lde nstruments attached to the raduml artery (Vierordt 1855 Marey
. ) Desprte great expectations and extravagant mterpretations the new
ecords at first added bttle knowledge beyond that which had already been
E";‘“Qd by mere palpation or inspection of the artenal pulse As a result
anggmﬂgraphy was abandoned for nearly half a century except for special
s ‘:S The techme and apparatus poor and difficult at first slowly improved
anm t;‘ these special studies umil with new discovenes concering cardiac
o ythria and alternation of the pulse the method was remtroduced into the

1IC taward the end of the last century with far more success than at first
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¥io 31 Cardiograms showing (4) ventricular systolic negative (v) and atrial systolic
postive {(a) waves 1n 2 case of complete heart block with the recerver placed over the
precordtum rmudway between the apex impulse and the lower end of the sternum l"‘
hence over the might ventricle (B) upstrokes with ventncular systole (v) and n\r\;
systole (a) n the same case of complete heart block represented in (A) but \:ﬂh‘ e
recetver at the cardiac apex and hence over the left ventricle—note also the “a” waves
in the brachial taken ly with the (C) atnat (i:
and ventricular (v) upstrokes with the Teceiver at the cardiac apex 10 a case with shsm
delay i a v conduction unusually vigorous atrial action and presystolic gallop r?y"’m
and (D) three waves a v and X atnal and p ;:a
pulses with the receiver at the apex mn a case of congestive failure showing well mar e
protodiastolic gallop thythm without any delay 1 a v conduction (as proved by Jugv
phtebogram and electrocardiogram) Time interval == 0 2 second
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It was almost entirely the shape and amplitude of the tracings that had
attracted attention at the bepmming rate and rhythm being largely sgnored
unt:l many years later The vanous shapes of tracings of the arterial pulse were
prominent 1n the textbooks of the day and 1t was hoped that they might prove
more useful than they did We realize now that the shape and ampltude of
the arteniogram are complicated not only 1n themselves but frequently also by
the addition of artifacts due to the graphic method itself By the employment
of more accurate apparatus the distortion can now be avoided

The normal arterial pulse wave The arteriogram consists of a graphic rec-
ord of a sertes of pulse waves 1n an artery It should be of normal rhythm and
fate (40 to 100 per minute at rest usually 60 to 80) The normal pulse wave
(Figure 32) shows at first a sharp upstroke nising a vanable distance from
the baseline the amplitude depending on the fullness of the pulse and the
sensitiveness of the recording apparatus Vibrations may be found on the
upstroke if the curve 1s taken by the use of the Frank capsule crystal micro
phone and galvanometer or cathode ray such vibrattons are called anacrotic
(1e up and kpate stroke) The upstrake 1s quickly succeeded by a short
sharp fall to a notch called the predicrotic (wpo before i second and xporo
stroke) resulting from the artifact of overshooting or fling due to mstrumental
Inertia The distance from the peak of the wave to the predicrotic notch varies
according to two factors the amount of mertia of the recording apparatus and
the fullness of the pulse the more of each of these the greater the distance It
15 not always possible to make out this notch 1t may be buried mn the rapid
dechne to the dicrotic notch especially where there 15 a water hammer or
hyperdicrotic pulse shape Following the predicrotic notch appears the curved
Systolic dechne ending as a rule abruptly at the dicrotic notch which repre
Sents the time of aortic valve closure and second heart sound The time interval
from beginning of the mamn upstroke to the dicrotic notch (usually 025 to
035 second depending on the pulse rate) represents the duration of systole
minus the so-called presphygmic (zpo before and oguypos pulse) interval
which 1 the time at the begmning of systole after the closure of the mitral
and tnicuspid valves (time of first sound) when intraventncular pressure 1s
TSing but not sufficrently to ratse the aorttc cusps and start the pulse wave
along the aorta thys presphygnuc interval or 1sometric { oos equal and perpov
measure) phase 15 very short (calculated variously as 0 04 to 008 second)
The dicrotsc notch 1s followed by the dicrotic wave usually a shight convexty

tPward due to the rebound of the pulse wave at the closure of the aortic cusps
This grves way to a gradual fall of the baselne to the next systolic upstroke
rely 2 very small additional wave ( 2 ) occurs just preceding the systolic
upstroke due 1o the effect of atnal systole on mntraventricular and aortic pres
sure Frnally when more tracings are ot d as already
;ddxlmnal oscillations for example on the systohic upstroke may be seen
oubtless due to vibrattons of the artery wall their recording 1s not of any
Practical srgmificance 1n the present state of our knowledge but may perhaps
fourd o be of some wmportance by future studies
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FIG 32 Aneriograms showing various shapes of pulse curves with normal rhythm
(4} Normal average shape of atterial palse Wave showmg upstroke predicrotic noich
(due to artifact of overshooting from inertia of instrument) and dicrotic 1ot noard
wave (due f0 closure of aortic valve)—the duration of systole 18 equivalent 1o the
interval from the beginning of the upstroke to the dicrotrc notch plus @ small ume
interval representing the presphygmic period (see text) (8) Hyperdicrotic pulse 12
Infection showing exaggeration of the dicrotic notch and wave (C) Plateau and aracrote
pulse of aortic stenosis (D) Water hammer pulse of aortic regurguation {E) Deformty
of radial artertogram due to escillatrons caused by paralysis agitans Note also two ¥e7%°
tricular premature beats Time interval of thesc and succeeding arteriograms and poly
grams = 0 2 second
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Abnormalies of the arterial pulse ware i shape and ampluside Shight
changes m shape and amplitude of the artenial pulse wave from the average
sormak ate so generally found n arteniograms or are 50 easty caused by the
procedure of registration atself that only well marked vamations such as can
be palpated i the radial pulse should be considered here Great merease 1n
pulse pressure that 15 true snerease artery fullness 15 not always eastly
3pparent either on palpation of the artersal pulse ar m the artenogram Hts
diteetion 13 pendent on relative p of the artery m dastole along
with increase of pulse pressure but the diastolic laxness of the vessel 1s more
essential than s imcrease m pulse pressure
Vantous abnormalties of shape and amphtude found mn the artentogram
are lustrated 1n Figures 32 and 33
¢ most important by far of these abnormalities 1s pulsus alternans which
wonsists of alternating fullness of pulse and of systohc and pulse pressure
dunng normat heart shythm the result of weakness (generally senous) of
the feft ventncle (see Chapter 30) An wnteresting vanatton abrormal and
dagnostic (usually of acute or chrome constrctive pencasditis) when of high
8¢ 15 the pudsus paradocus which consists of waxing and waniug of the
Palse volume (and pressure) with expiration and mspiration respectively 1a
Contrast 1o the ysuat increase of the pulse fullness dunng mspiration and
s decrease dunng expiration 1 the case of normal daphragmatic breathung
W marked nstances the radral pulse may entisely disappear dunng mspira
on (see Chapters 6 and 27) The vanous arthythmias will not be slius
tated here because they are so much better shown in electrocardiograms
(ste Chapters 32 33 and 34)
Yeloaty of the arfenal pulse wave Quite aside from form and rhythm of
Pulse and speed and volume of blood flow 1s the measutement of the
‘eloctty of the artenial pulse wave This has been esimated m vanous ways
05t sumply by measuring the time nterval between the appearances of the
“rotd and raduat pulse waves hically ded 1 ly and
dwding g tume mtesval sato the difference i centimeters between the
Gistances from the heart of the recording points on the two artertes Thys gives
toughly the speed of travel of the pulse wave mn centimeters per second
fote accurate methods for making this measurement have been n recent years
"toduced such as that of the use of the hot wire sphygmograph which 15
A wstrument transforming 1nte vaniations of an electne current recorded by
Belvanometer the aw pressure waves transmitted from a pulsating vessel or
ftom the heast through a tube past a fine spiral of platisum wire heated by
e electne current whose vamstions are secorded the ends of this wire
bemg ¢, ed with the gat N Jly the pulse wave veloaity
0 the brachual and radial artenes has been found 10 be 5 to 8 meters per
#cond averaging about 7 meters It 1s smereased 1 hypertension and arterso-
;ﬂ’ﬂmsu 2nd decreased mn hypotension sortic stenosts and aothic aneurysm
tvaes roughly with the speed of biood flow but wt has lntle or no relation
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116 33 Anecograms showing pulsus alternans and uatateral pulse deformity du‘h‘
ancurysmal A 1’ beat with oy yause
it pulsus alteroat

fowed by shight to moderate alternation of the pulse (B} Consta
showing delay 1n appearance of alternate weak beats (C) Pulsus sltes
paroxysm of tachscardia (rate 185 per minute) (D) Dimnushed and detayed
pulse waves due 10 aortic aneurysm with obstruction at the mouth of the left so
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to volume of blood flow The measurement of the velocity of the pulse wave
1s ot of much climcal value

PHLEBOGRAM HEPATOGRAM

Phiebogram (¢rey vemn and yprppa anseniption) The phlebogram or
graphic record of the venous pulse 1s routmely obtamed from the jugular
vem Although on rare occasions pulsations may be easily visible 1n other
superficial veins as n the arms the jugulars as a rule are the only vemns
that show enough pulsation to give a satisfactory record this 15 due to therr
large size and close provimty to the heart Venous pulsation has been known
for centuries but 1t was not until the latter half of the last century that the
development of the sphygmograph permutted the taking of actual tracings
(Fredreich 1866 Potan 1867) and serious study of these venous pulse
tracings did not begn untl stimulated by a cunosity concerming the climeal
significance of varrations of this pulse (Mackenzie 1893) Gradually by
companng the phlebogram thus obtained with cardiac or artenial pulse trac-
mes 1t became possible to hough not letely to explain
the vanious waves of the normal jugular pulse and to descmbe certain ob-
normalities

In the clinic for a while the analysis of disturbances of the cardiac mech
awsm Dke partial heart block was chiefly dependent on the study of the
polygram which consisted of sumultaneous yugular and arterial pulse trac
mgs But the frequently difficult and bothersome techme and the obscunty
concerning interpretation 1n the minds of most physicians prevented a wide
adoption of the method doctors remaining content to continue for years the
old custom of labeling 1rregulanty of the heart rhythm as slight moderate
or marked Eventually the interest of younger workers and especially the
introduction of the practical electrocardiograph the strning galvanometer into
the field of mternal medicine resulted 1n the chimeal applications of the lessons
about cardiac mechantsm first studied 1n the phlebogram by pioneers The
cleclmcardmgram gives nformation about the cardiac mechamusm which 1s
S0 much more accurate and complete than that given by the phlebogram
and the techmic of securing the diogram and 1ts 1nter when
Obtained are both so much easter that the phlebogram has been almost com-
Pletely abandoned However as m the case of the artenogram  help can still
sometimes come from the p To h what one

h d

©an see of jugular pul aids m und ding the
of cardrac action and 1s good trammng Also m certain cases when the electro-
€ardiograph 15 not available and one deals with arrhythmias  difficult to
analyze withoyt knowing how the atna are acting the phlebogram may solve
the problem And even when an clectrocardiogram has been secured the
zl;mmn as to whether atnial waves are 1soelectnc or buried 1n ventnicular
m:‘ may be answered by a study of the phlebogram The jugular pulse
Mg gves something the electrocardiogram cannot give that 1s mechany
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cal evidence of action of the heart chambers moreover certam abnormalitics
of the jugular pulsation may reveal cardiac msufficiency even when the
electrocardtogram 1s normal In addition one can by electrical recording now
obtamn phlebog ams with greater ease and accuracy than was possible 1 the
past (Miller and White 1941)

The normal and abnormal jugular phlebogram Although proof does not
eust for every detail of the mnterpretation of the normal jugular pulse tracin®
the phlebogram 1s understood sufficiently to permut faily full analysis With
each cardiac cycle there are normally three four five or even six waves 18
the jugular pulse Interpretation by inspection of these waves especially i
there are more than three may prove to be very confusing Therefore al
though 1t 15 at times possible to see and to identify the three normal waves
or i the case of abnormalities to make correct analyses there are so man¥
vanations that m spite of much experience interpretation by mspection of
the vein 1s far less reliable than mnterp of the phlebogram atself

There are three main waves in the jugular pulse (Figure 34)

The first wave due to atnial systole, has been routmely called the a wae
It can be 1dentified only ndurectly after the other two main waves (which are
of ventricular origin) have been accurately measured off as a rule 1t pr
cedes the second or ¢ (ventricular systolic) wave by one fifth of a second
and 1t 1s vanable 1n stze depending chiefly on the posture of the subject the
force of the atrial contraction and the degree of dilatation of the jugulaf
van Other factors which nfluence the size of the a wave normally arf
nstrumental techmic and the fullness of blood flow With poor techmc for
example by the apphication of too much pressure so that the vein 18 nearly
collapsed or by holding the receiver somewhat away from the opuimunt pos
tion the a wave of the phlebogram may be small and poorly defined With
mcreased heart action the @ usually mcreases amphtude and with ncreased
circulation associated with increased blood volume such as may tcmpomnl)’
result from the ingestion of a large amount of flnd the @ wave may also
mcrease n size It 1s biggest of all 1n cases of marked trrcuspid stenosts with
normal rhythm It 1s ordinanly a single wave a rounded upstroke rsm”
sometimes at the peak of the jugular pulse sometimes low near the bascltoe
and sometimes at midlevel 1ts position depending on the speed of the pulse
on the degree of stasts 1n the vern and on the relative submergence of the a
1n the ventricular systolic wave The slower the pulse or the more congested
the vein the more the a wave tends to appear at the top of the curve The
faster the pulse the less the congestion and especially the more the systole
of the ventricles 1s emphasized n the tracing the lower lies the 4 wave
Although the @ wave appears normally to be a single wave tiis appearanc®
may be i part due to the immediate succession of the ventrcular systolic
wave which coneeals any other portion of the @ wave When there 15 2 dilay
in atrioventnicular conduction partial or complete sufficient to separate
clearly atrial and ventricular waves the @ wave sometimes appears doubled
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fiG 35 Polygrams showng the jugular phlebogram i (4) atrial flutter with 190
0 one a v block {a=atnal c=ventricular and 1 = stasis waves) (§) atral fuptel
with varytng and hrgher degrees of block the @ waves being clearly evident between the <
waves {(C) atrial fibrillation with po a waves but with oscillations (fIf) due 10 <he
srregular atral contractions and (D) atnal fibrilation with the so-called “yentneultal
or better designated “congestive” (ype of venous pulse due to coalescence of ¢ ¥
waves resuluing from stavis
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or at feast notched (Figure 36) Vanous abnormahtuies of the jugular phlebo
gram are tlastrated 1n Figures 34 35 and 36 Asrhythmas are not presented
because of thewr better analyms by electrocardsography {Chapters 32 33
and 34) evcept as they stlustrate particular pownts concerning the wenous
pulse tracing

The o mtenval The atrial wave of the jugular pulse tracing precedes
normally that due to ventriculas systole by 0 1S to 020 second ff there 1s
2 geater ume interval { d from the beg of the a upstroke to
the beginnmg of the ¢ upsiroke) atnoventricwiar block 15 present

@ wcta @ o pDCYIR @ & €30 O @ OC¥ro
v

Jugular
M
FiG 36 Polygram showng the jugular phleb in complete

bloch
with complete dissocistion of 6 and ¢ waves  Note bifid @ waves  $ize veduced

Following the first or @ wave of the normal jugular phlebogram by the
tame smterval Just noted above appears the second or ¢ wave which 15 due 1o
ventncular systole It was labeled ¢ beeause 1t was attebuted to the pulsation
of the carond artery lymng under the jugular vein Undoubtedly the carotd
pulsation dogs play an mportant part w s production but this part is
varable 1n degree In the venous putsation stself there 5 a ventricular systolic
Waye transmtted up from the night atrum by way of the superior vena cava
This wave together with that due to the carond pulsation forms the upstroke
< of the ugular phicbogram 2 posttive wave of varymng amphitude whose size

‘epends vpon a number of factors The greater the carond clement of the ¢
%ave the higher and more preponderant 1s this wave and vice versa There
052 type of patient with mutra} sienosis with greatly exaggerated ¢ (and ¥)
waves of the fugular pulse itself that deserves speciol mention This pulse
ton concerns the deep jugular vens on both sides of the neck but especiatly
the nght one Because as a rule atrial fibrillation 15 present i these pattents
“th o a waves i the phlcbogram because the pulse 15 s0 vigorous and
because ot 1y 50 deep tn position 15 the neck it 15 eastly and commonly confused
with the casond pulse (White and Cooke 1939) It 15 due to tncuspid re

Surgtation with refatively Ittle constant congestion or stasis so that the
Pulse nave 55 propelled vigorously by nght vestnieular systole through tn

Suspid valve fight atum and supenior vena cava tnto the juguiar vems it
Seasily abhterated by shght pressure over the jugular bulb As a rule tncuspid
;rahc deformuty with stenoss 18 present i these cases of such pulsation of
18 standing but i rare mstances there ts chromic srrevesstble dilatation of

teuspid ning without valve deformaty

- kt € Wave stself 1s identified by p from the up

Foke of the Pulse wave of the brachsal or radial anteniogram or of the QRS
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wave of the electrocardiogram which 1s taken simultaneously with the juge
phlebogram for this very purpose Measuring back from simultaneous tme
lines of both tracings established by allowing the pens each to write a strole
with the recording surface at rest the beginning of the upstroke of the ¢
wave will be found one tenth of a second earlter than the upstroke of tht
radial pulse wave or 0 135 sccond later than the QRS wave this differenct
n ttme being that nterval required for the pulse wave to travel 2 Iength cf
artery equivalent to the difference between the distances of the radial pulse
and of the jugular pulse from the heart 1n the first wstance and to the sum
of the travel time from the heart to the jugular bulb and of the electneal pre
sphygmic interval m the second mstance (sce Figure 31 page 158)

The ¢ wave may be found to occur irregularly rapidly or slowly and 0
be of varymng shapes and amplitudes but these charactenistics of the arteral
pulse and of heart action are better studied in the arterogram itself as already
discussed or m the electrocardiogram

The third main wave the v wave of the jugular phlebogram 1s due pr
manly to stasis that 15 to the gradual accumulation of blood mn night atmim
superior vena cava and jugular bulb at the close of ventnicular systole Ths
stasts ends rather abruptly in a rounded peak and downstroke when duastole
begins and the blood flows down nto the rght ventricle from atrum vend
cava and jugular bulb It has been called routinely the v wave for ventriclat
systole but a more correct expression might have been s for stasis while the ¢
wave might better have been called the v wase However the firm stablish
ment and the partial correctness of these designations warrant thetr retention-
A second factor besides stasis which has been suggested as in part resPD"S’l;k
for the v wave 15 the rebound or return upward of the base of the heart attne
beginmng of diastole We do not know the relative mmportance of the tv0
elements (the rebound and the stasis) or whether the frequent sphtting of the
v wave which 1s unexplamed can result from the:r difference mn tme (the
diastolic rebound effect bewng later than the other) but evidence strongly 5‘”’;
ports the conclusion that stasis and not drastohe rebound 1s the essenti
cause of the + wave The amplitude of the 1 wave vanes as does that of the 8
wave and as 2 rule inversely as that of the ¢ wave It 1s dependent to an I
portant degree on the amount of venous stasis If there 1s much stasis the *
wave 1s more prominent if the stasis s extreme 1n degree there appedts &

t 1stic variation g 1n a merging of ¢ and v waves in one broX
plateau with shght elevations at the ends and vanable concavity between (Fig
ure 35) This type of jugular pulse was once called the ventncular ‘H’Cf
apparently because 1t was so often found 1n atrial fibrillation with absence o
awaves But 1t may be found with normal rhythm and a waves Jt 15 dutllD
congestion and so 1t may better be called the congestive type of jugular
pulse b

The 3 wave 15 determmed 1n 1ts posttron m the jugular phlebogram 4
correlation with the radial arteriogram simultancously recorded Mcasunni
back from synchronous pomts we find that the dicrotic notch of the arterid!
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pulse comeides with the peak of the v wave though somettmes 1t may fall
between the two peaks of the v Actually the dicrotic notch of the radial pulse
represents closure of the aortic valve an earher event by 005 to 0 1 second
than the opening of the tricuspid valve which 1s responsible for the beginring
of the downstroke of the 1 wave But since the pulse wave takes almost 0 1
second longer to reach the wrist (or shightly less time to reach the elbox)
than o reach the base of the neck these two events can be measured off
together in the polygram
Ong further wave may be found nfrequently 1n the jugular pulse tracing
especally with slow forceful heart actton It 1s a small wave 1n diastole called
the k or b wave (Hirschfelder 1907 Gibson 1907) Itis related (o the pre
ceding ventnicular systole and not to the succeeding g or ¢ waves which it may
closely approach 1n time 1f the pulsc 1s fast It has been ascribed to the same
mechanism that produces the normal third sound of the heart or the ab
Tormal extra sound 1n protodiastolic gallop rhythm but its iming <ometimes
appears late for this It 1s not well understood further study 1s needed to
explan it Whatever its mechamism 1t does not at present appear important
except that 1ts existence should be recogmzed so that 1t will not be confused
vith other waves (Figure 34) The a and k waves are located by a process
ofexclusion after the ¢ and 1+ waves have been identified
at has been termed a second stasis or second onflow wave 1s the gradual
movement upward of the baseline of the Jugular phlebogram late 1n diastole
Just prior to the @ wave 1t 1s prominent if there 1s bradycardia or congestion
n g ph which mterferes with smooth record
g of the jugular pulse 1s the paradoucal mspiratory fillmg 1 cases of venous
Dy pertension (Hitzig 1942) this has been discussed n Chapter 6 page 120
It emphasizes the need well Lnown to those expenienced n phlebography to
obtai for their smoothness records taken dunng held respiration that 1s
beld 1n whatever phase brings out the pulse waves to the best advantage
An esophageal tracing of the left atrial pressure changes (esophagocardio-
&tam) shows three waves usually corresponding to the @ ¢ and stasis waves of
e ygular pulse tracing the @ and « waves may be nverted 1f the recetver
(a capsule fifled with air) les directly over the left atrum for the atnum
Tecedes when 1t contracts as does the Ieft ventniele This method however
'S an mpracticable and unnecessary one
H"Pafl’grzm (ymap lwver and ypagpe nscription) A brief discussion of
l-rl. Iver pulse remams A true perceptible liver pulse not due to directly
ansmitted systolic movement of the liver by heart aorta or aneurysm is
“:Common The reason for this 1s that the hver 1s so sponge like that it
;mbs much blood and much p before 1t by m=
Uenced actually to cause a visble palpable or traceable pulse Slowly pro
i:tsxlve chromic pencarditts or heart failure although resultng m much
hvlc’:ﬂc enlargement with some fibrotic change and ascites does not cause
acmcp:lsanon Three factors are responsible for this pulsation (1) rapid
Ongestion with falure and f 1 trcuspid )
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Rheocardiogram The changes that occur mn the body s electrical resistan

with each heartbeat can also be ded el Ily by d:
on nght arm and left Jeg to alternating current of ugh frequency (10000
to 50000 oscillations per second) M of el 4 d of

the body 1s not new 1n 1937 Mann stated  When the electrical conductivity
of any part of the body 1s measured by means of an alternating current bridge
it 1s found that this conductivity shows a rhythmc vanation synchronous
withthe pulse The curve which has been called an electnical plethysmogram

ascends with increase tn body resistance dunng systole when the heart volume
decreases relative to the lung air volumes on erther side and descends when
diastole begins In myocardizl farllure with prolongation of the 1sometnc penod
the descent of the curve 1s delaved and with mitral regurmtation the ascent
ts slowed (Holzer and Polzer 1947) Complete mversion of the curves has
been reported 1n cases with extensne edema with reversal when th> cdema
cleared (Werssel 1948) This technic has not however been adop ed ron

tnely i ehmcal practice further mvestigation 1s needed even to determine
whether or not 1t has any value as a research tool Recent work has mdicated
s possible value i the study of the penpheral crculation (Nyboer 1950)
where it may act as an electrically recording plethysmograph

CAPILLARY CIRCULATION AND PULSATION

It for Malpight 1n 1661 to complete the proof of the airculation
of the blood presented by Harvey m 1628 Harvey had postulated that “mn the
Iumbs and extreme parts of the body the blood passes either immedately by
anastomosts from the artenes mto the vemns or mediatelv by the pores of the
flesh, or 1n both ways as has already been said m speaking of the passage
of the blood through the lungs Only mn recent years has the existence of
dizect anastomoses between artenies and vewms been demonstrated (Grant,
1931 Grant and Bland 1931) but the pores of the flesh or capillaries
*ete discovered 1 the lungs by Malpight

Malpight 1n a Jetter 10 Professor Alphonsus Borelius of Pisa describes bis dis-
Sovery of the put y (De pulmombus obsenanones anatormcae
B°[°8’ﬂ= 1661 tranglated by James Young M D Proc Roy Soc Med 1929
1930 XXIE 7-11 Part 1)

‘(";' " mplitude wath relatively tall H and L waves (a ballstocardiogram b arteriogram)
® ﬂflﬂho‘f'Dr Wiliam Dock Brooklym, N Y)

and of case of of a0ma before
howing retatively small 3 wave and very small k. wave The arrows point to
baner 274 K strokes charact nstc of coarctation of the 2orta (@ ¢ e-trocardiogram
nomm, !‘“Ocard-vgram) (B .) Same case after operation the J and k waves are now
Bl (o el » (kundness of Dr Herbert R
(oI Rochester N Y. and New England 1 Ved )
Yot } Case of angma pectons, AD male age 49 Note resprratory effects but 1 par
ol 47 the fusion and/or notching of the H and J waves (a ballistocardiogram b elec
ardiogram) (Rndness of Dr William Dock, Brooklyn, N Y )
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Rheocardiogram The changes that occur m the body s electrical resistance
with each heartbeat can also be recorded electrically by connecting electrodes
on nght arm and left leg to alternating current of high frequency (10 000

30000 osallations per second) Measurement of elecinical impedance of
the bodv 1s not new i 1937 Mann stated  When the electnical condactisity
of an) past of the body 15 measured by means of an alternating current badge
# s found that thss d ty shows a rhytk tion sypech
withthe pulse  The cune which has been called an electreal plethysmogram
ascends with increase m body resistance duriag systole when the heart volume
decteases relative 1o the tung air volumes on eithes side and descends when
dastole begins In myo~ardial farture with prolongation of the sometric penod
the descent of the curve ss delayed and with mutral regurgtation the ascent
s slowed (Holzer and Polzer 1947) Complete mversion of the cunes has
been reparted 1 cases with cxtenstve edema with reversal when th «dema
cleared (Wersse 1948) This techmic has not however been adopted rou
tnely i chaseal practice further imestigation 1s needed even to determne
whether or not it has any value as @ research tool Recent work has indicated
1S possible value in the study of the penpheral crculanion {Nyboer 1950)
where 1t may act as an electnically recording plethysmograph

CAPILLARY CIRCULATION AND PULSATION

It mamed for Malpight 1 1661 to complete the proof of the ctreulation
of the blood presented by Harvey in 1628 Hanvey had postulated that sa the
banbs and extreme parts of the body the blood passes exther snmedaately by
sazstomosis from the artenies mto the veins of mediately by the pores of the
Besh or 1g both ways as has afready been sad i speaking of the passage
of the hlood through the lungs  Only n recent years has the existence of
diect anastomoses between artenes and vens been demonstrated ({Grant
1930 Grant and Bland 1931) but the pores of the flesh o capilapes
Rere discovered 1n the lungs by Malpght

Malpigha 1 a fewter to Professor Alphonsus Borellnss of Pisa describes hus dis
Ssery of the put y (De obsenationes anatomcae
Bologna 1661 translated by James Young MD Proc Roy Soc Med 1929
1990 XXMH 711 Past1)

';;tf amplitude waty retatisely £all H ond L waves a ballstocardiogram b artertogram)
’;"ﬂﬁs of Dr Walam Doch Brooklyn N Y §
{8 1) gan, d of case of of acrta befose
muﬂn showiog relatively small J wase and very small K wave The arrows pout o
5 b’ 972 and K strokes charactenstic of coarciation of the aorta (a ¢ ectrocardiogram
2lstocardiogram) {8 .} Same case after operation the J and K waves are pow
Al (g o * ) (hundness of Dr Harbert R
b Rochester N Y and New England J Med )
et } Case of angena pectorss AD male age 49 Note respiratory effects but i pac
I 7 the fusion and/or notchung of the H and ¥ waves (a ballstocardiogram & elee
Udogram) (handness of Dr William Dock Brooklys N 3 )
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And now most famous man I will handle the matter more closely There
were two things which 1n my epistle about observation on the lungs Ileft 2t
doubtful and to be nvestigated with more exact study

(1) The first was what may be the network described therein where certat
bladders and stnuses are bound together m a ccrtain way 1n the lungs

(2) The other was whether the vessels of the lungs are connected by mutul
anastomosis or gape 1nto the common substance of the lungs and stnuses

The solution of these problems may prepare the way for greater things and
will place the operations of Nature more clearly before the eyes For the usloosg
of these knots T have destroyed almost the whole race of frags which does not
happen 1 that savage Batrachomyomachia of Homer For in the anatomy of
frogs which by favour of my very 11 11 D Carolo F t
had set on foot i otder to become more certam about the membranous substance
of the lungs 1t happened to me to see such things that not undeservedly Ten
better make use of that (saying) of Homer for the present matter—

I see with my eyes a work trusty and great

For n this (frog anatomy) owing to the simplicity of the structure and the
almost complete transparency of the vessels which admits the eye oto the
terior things are more clearly shown so that they will bring the light to other
more obscure matters

Observation by means of the microscope will reveal more wonderful things
than those viewed mn regard to mere structure and connection for while the heart
1s still beating the contrary (1e 1n oppostte directions m the different vesscls)
movement of the blood 1s observed in the vessels —though with difficulty =0
that the circulation of the blood 1s clearly exposed This 1s more clearly recogauze!
1n the mesentery and 1n the other greater vems contained mn the abdomen "

Thus by this impulse the blood 1s driven In very small (streams) throu¥
the artenies ike a flood 1nto the several cells one or other branch clearly pssi®é
through or ending there Thus the blood much divided puts off its red 0010“’(
and carned round 1n a winding way 1s poured out on all sides tll at fength 1
may reach the walls the anegles and the absorbing branches of the veins

“The power of the eye could not be extended further n the opened 1%
ammal hence I had believed that this body of the blood breaks into the tml;l?
space and 1s collected again by a gaping vessel and by the structure of the wa' ’
The tortuous and diffused motion of the blood 1n divers directions and it unio
at a determnate place offered a handle to this But the dned lung of the I:;E
made my belief dubious This lung had by chance preserved the redness of o
blood 1n (what afterwards proved to be) the smallest vessels where by mummd
a more perfect lens no more there met the eye the points forming the skin C:;;rst
Sagnino but vessels mingled annularly And so great 1s the divancation of o
vesscls as they go out here from 2 vein there from an artery that order 1§
longer preserved but a network appears made up of the prolongations of e
wesscls This network occupies not only the whole floor but extends also tt—uhy
walls and 1s attached to the outgoing vessel as I could sce with greater iff o
but more abundantly m the oblong lung of a tortoise which 1s simularly ’““_Jy
branous and transparent Herc 1t was clear to sense that the blood flows 30(“
through the tortuous vessels that 1t 1s not poured mto spaces but always ¥
through tubules and 1s dispersed by the multiplex winding of the vessels ——
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Physiologic studies of the capillary circulation have 1n late years attracted
much attention and have revealed new facts of some mportance (krogh
Lewss Lombard Richards Crawford Landis) but in routine or even m
special cardiovascular examination they have not yet proved mmportant The
reasons for this are two In the first place but few capillaries 1n man can
be studied and these are at the body surface best seen at certan locahities
Iike the nail beds and subconjunctiva (and with difficulty in the eye grounds)
In the second place great variations of capilary conditons exist not only
throughout the body at a given moment but even 1n a single area at different
mements due to the frequent penods of changing activity (dilatation) and
fest (contraction) charactenstic of arterioles and body capillaries n general
Thus capiltary findings at a given moment 1n 2 given area may be very dif
ferent from those 1n many other areas or 1n the same area at a different time
Thete are however certamn chinical facts of nterest determmed by scrutiny
of skin capillaries by microscope through the intervention of oil and the use
of reflected Iight for iilumination (Lombard 1912) In cyanotic states as in
some cases of congemtal heart disease with polycythemia or in one of the
phases of Raynaud s disease capillaries of the fingers are widely dilated while
the blood stream through them may be sluggish normal or rapid according
to the state of the arterioles In conditions of pallor as in another phase of
Raynaud s disease the capillartes and arterioles are constrcted and the blood
stream 1s slowed The 1ngemous studres by Crawford (1926 1927) and Landis
(1930 1934 1938) have revealed interesting facts about the structure and
acbhlm of the capillarics and concerning capillary blood pressure and perme
abihty

Capllary pressure Landss (1930 1934 1938) by micromjection measured
directly and studied the mean blood pressure in the capllaries of the human
skin at the base of the finger nail He found the average pressure in the ar
tenolar imb of the capillary to be 32 mm of mercury at the end of the loop

mm and 1n the venous mb 12 mm  The fall of blood pressure does not
©ease at the junction of the artertoles and capillartes  he wrote  but con
tnues unbroken through the capillary Joop Average blood pressure m the
artenolar ltmb 15 above and 1n the venous limb below the osmotic pressure
Ofthe plasma protemns These direct pressure readings 1n human capillaries are
" agreemient with Starling s hypothesis of fluid balance  Landis further found
hat hyperemta due to heat was attended by a doubling of the capillary blood
Pressure Eichna and s associates (1942 1943) have shown that despite
the fact that pressute in the capillaries of the digits falls somewhat with
:l:icnolar constrction and nises somewhat with increase m venous pressure
p uere IS a surprising degree of constancy in the digital capillary pressure
ﬁn:jmg Wide fluctnations 1n digital blood flow Eichna (1943) reported his
b 08 of the average dignal capillary blood pressure m human fingers with
223:1 nnervation to be 18 5 mm of mercury 1n the artenolar imb (summut

) and 19 mm 1n the venous limb Recently Pappenheimer and Soto
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Ruvera (1948) have further confirmed the concept that capilary preswe
and colloid esmottc pressure are 1n balance by measuring the rate of filtratior
of fld from blood to tissues and absorption of flud from tissues to blood i
the 1solated hindlimbs of cats and dogs under conditions such that the artens
perfusion pressure the venous pressure and the protein OSmOUC pressu
could be independently adjusted to desired constant values

Capillary pulsation  Capillary pulsation can be recorded only photo

grap y by ph under high power magmfication With lo
power magmification pulsation 1n the smaller artertes would be predominant
Visible capillary pul 1s due to d or marked aortic regura

tion allowng the artenial pulse to enter the capillaries without adequate damp
mg The site of the color change 15 1n the subpapiliary venous plexus (Lews
1927) This capillary or venulir pulsation may be general throughout th
body or very local
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CHAPTER 9

ELECTROCARDIOGRAPHY

One of the medical ach of our time has been the
rapid indeed one might say dramatic growth of electrocardiography (jAexrpor
amber friction of which gives mse to an electrical charge xopdia beart and
Yeader t0 wnite) To those of us who recerved our mmtial traming 1n this field
in the early days of clinical electrocardiography this evolution has been both
gratifying and impressive not to say at tmes confusing The confusion has
been due to two factors first the absence at the begiming of an adequate
appheation of fundamental physical laws and principles so that the early
growth was more empirical than scientific and second the lack of umform
techmic and nomenclature utilized by vanous workers n the field This vigorous
independence of thought and action has however 1ts good side and agree
ment about utibzation of the most satisfactory viewpomts and cnitena will
Raturally follow We are still mn the very mdst of considerable new research
and develop, hy 1t would be impossible for me 1n
the bmyted space available 1n this new edition to expand the chapter sufficiently
{2 present the subject m all of its current detail I shall retain the story of
the evolution of chmucal electrocardiography with a bnef survey of its present
Status and refer the reader for a more complete description of technic debat
able theontes and current h to the hs now 1
and listed 1n the Bibliography at the end of the chapter

Elecnocardmgraphy 1s one of the most mmp hods of card; 1
€Xamination ranking 1n value third after history takmg and physical ex-
ammation Like card: 1 logy 1t has d to develop
Tapudly as the result of concentrated study in the past decades

Near the end of the eighteenth century Galvani and Volta and their fol
lowers began their important studies on electricity by utthzing that produced
by aimals Galvam for example 1 1791 used the electrical organ of the
torpedo-fish to stimulate not only the muscles and nerves of the frog but also
the heart rtgelf ~—

About the muddle of the last century it was learned in the exy
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laboratory that when the pigeons or the frogs heart contracted 1t produced
an electric current (Matteucar 1843 Kolliker and Muller 1856) For many
years after this discovery the heart current of laboratory ammals was studied
with the crude apparatus at that time available

Matteucer Ch  Sur le courant électnique des muscles des arumaux vivants o
recemment tues  Comptes Rendus des Seances de | Acadermie des Sciences
1843 XVI 197

1 The signs of the electrical current of the frog iself demonstrated by the
galvanometer increasc 1n the same wmstrument 1n the act of contraction

2 The muscular electrical current which 1 shall hereafter call the musculsr
current 1s present 1n all muscle masses whatever the antmal

I have taken pectoral muscles of pigeons a rabbits back muscles hearts of

pigeons In all cases I have obtained a current which flows from the wtenof

of the muscle to the surface (Translatton by mysclf )

Kolltker A and Muller H Nach der h K des Mushel
stroms am sich den Muskel Verhandh der phy

sicalisch medianischen Gesellschaft tn Wur.burg 1856 VI 528

The results which up to now we have obtained from the frogs heart are as
follows

1 The apex of the whole heart 1s electrically negative to any pomt on the
antenior or postertor surface of the ventricles

2 Sumlarly negative 15 the apex of the heart to the cut surfaces left after
removing the auricles without mjury to the ventricles

3 On the other hand the cardiac apex 1s positive to any cross section which
mvolves the ventricular musculature 1tself

4 Every point on the surface of the heart 1s positive to any sclected cross
section of the ventricle

5 The excursion given by connecting the outer surfaces of the base and of the
apex of the heart 1s less than that given by connccting the cross scction of the apet
and the surface (Translation by myself )

Then came the discovery six decades ago also m the physiofogic laboratory
that the human heart current could be demonstrated by connecting the outside
of the body by electrodes with the capillary electrometer (Watler 1887)

Waller A D A D on Man of El, Changes A p
the Heart s Beat J Physiol 1887 VIII 229

If a pair of electrodes (zinc covered by chamos Jeather and motstened with
brine) are strapped to the front and back of the chest and connected with 3
Lippmann s capillary electrometer the mercury n the latter will be scea t0 move
shghtly but sharply at each beat of the heart If the movements of the column Dn
mercury are p hed on 2 travelling plate 1y with thosc cf‘:e
ordinary cardiographic lever a record 1s obtained as under (fig 1) in whxchI of
upper Ime hh indicates the hearts movements and the lower line 11 the lcV‘d e
the mercury e the capitlary Each beat of the heart 1s secn to be accompanic! I
an electrieal vanatton {This very first published clectrocardiogram 15 essenually
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the chest lead remtroduced as Lead 4 into climcal electrocardiography 1 recent
yeare ]

“The first and chtef point to determme 15 whether or no the electrical vaniation
15 physiolotecal and not due to mechanical alteration of contact between the
electrodes and the chest wall caused by the heart s impulse To ascertain this pomnt
accurate time measurements are necessary a physiological vanation should precede
the movement of the heart while this could not be the case 1f the vanation were
due to altered contact Fig 2 1s an instance of such time measurements taken at
as hugh a speed of the travelling surface as may be used without rendering the
wnitial points of the curves too indeterminate It shows that the electrical phenome
non begins a Iittfe before the cardrographic lever begns to rise

‘That a true electrical vanation of the human heart 1s demonstrable may further
be proved beyond doubt by leading off from the body otherwise than from the
chest wall If the two hands or one hand and one foot be plunged mto two dishes
of salt solution connected with the two sides of the electrometer the column of
mercury will be seen to move at each beat of the heart though less than when the
electrodes are strapped to the chest The hand and foot act mn this case as leading
off clectrodes from the heart and by taking simultaneous records of these move
ments of the mercusy and of the movements of the heart 1t 1s seen that the former
correspond with the latter shghtly preceding them and not succeeding them as
would be the case 1f they depended upon pulsation 1n the hand or foot This 1s
Unquestionable proof that the vartation 15 phystological for there 1s here no
Possibility of altered comtact at the chest wall and any mechancal alteration by
artenal pulsation could only produce an effect 0 157 to 020 after the cardiac
mpulse A stmular result 1s obtamed if an electrode be placed 1n the mouth while
0o of the extremuties serves as the other leading off electrode The electrical varia
ton precedes the heart s beat as 1 the other cases mentioned

The mereury column moved up and down several times with each heartbeat
but the tecords obtained by photographing its shadow were maccurate because
of the inertia of the instrument Laborously the electnic heart tracings or
elect gr. were ob d and corrected and considerable progress
n theyr amalysis was made by physiologists at the end of the last century
(Baybss and Starhing 1892) and at the begintung of the present century
Finally 1n 1903 came the announcement of the invention of the accurate and
Practicable strng galvanometer (Einthoven) a few years later this was intro-
duced 1nto hospitals and climcal electrocardiography began

Euathoven W Dye galvanometrische Registrirung des menschlichen Elektrokardio
gramms  zugleich eme Beurthellung der Anwendung des Capillar Elektro
meters 1n der Physiologte  Pfluger’s Arch f d ges Phystol 1903 XCIX 472

(Pae 474) | have tried to find a way to avord as far as possible the construc

Inm:h ©of a new curve [that 1s a corrected curve such as it was necessary to construct

st Of the capllary clectrometer] m so domg I have at length devised an

ment which satisfies many requirements and 15 especially suitable to inscribe
‘e human electrocardiogram directly n almost 1ts exact proportions

m;;:e essental part of this mstr the string a thin silver

quartz fibre which 1s stretched Like a stning in a strong magnetic field If
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an electric current 1s led through this quartz fibre the fibre shows a movement
which can be observed and photographed by means of considerable magnification,
Just as 1s the case with the movement of the mercury in the capillary electrometer
It 1s possible to regulate the y of the gal very ly withn
wide bounds by tightemng and loosening the string  (Translation by myself )

During the past three decades with the development of audion tube amph
cation the dead beat nurror galvanometer has been adapted to climcal electro-
cardiography and 1s the basis for much of the easily portable apparatus that
can be carried to the sichroom for cardiac registration of patients at home it
bed The cathode ray has also been utilized to record the electrical activity and
sounds of the heart 1n man but 1t 1s tnnecessanly expensive m cost and 1 the
use of high operating voltage for the needs of chnical electrocardiography and
phonocardiography although 1n current research 1t 1s being utihized with
extensive chest leads to explore detals of the course of electrical discharge
and repolanization through the heart muscle (Goldman) *

A recent mnovation has been the utthzation of an ingemous device of 2
heated stylus which activated by a galvanometer moves without fric 1on 0¢
overshooting over the surface of 1 moving processed (wax covered) paper
strip to mscnbe the electrocardiogram directly without the trouble time and
expense of photographic technic This type of direct wrting electrocardio-
graph has the advantage of accuracy 1n recording over the intial nk writing
galvanometers which were onginally mntroduced to simphfy the chimeal
techme

At first electrocardiography was sought and used chuefty as an ad 1 the
explanation of cardiac arrhythmia tachycardia and bradycardia having
proved to be more f: y than the )i 1 graphtc methods pre
viously employed because of the greater ease of technic and interpretation and
because of the more complete information afforded As time went on how
ever 1t was learned that more mportant data about the heart than the ex
planation of abnormalities of rate and rhythm are shown by the electrocardio
gram from a study of the shape direction amplitude and time relattons of
the individual waves or defl: Hy as they are compared 1 various
leads

1t 15 unfortunate that we do not even as yet know the range of the normal
electrocardrogram 1t 1s wider than we thought it was ten years ago and muff
service can still be wrought by the simple electrocardiographic analysis ©
many thousands of normal individuals It 1s also important to become famehat
with the electrocardtogram 1n mfancy which 1s different from that 1n older
children and aduits not only 1n much faster heart rate but n much narrower
time mtervals especially P R interval and QRS duration (shorter by on¢
1hird to one half—sec Figure 54 page 214) and in its normal nght a%is devia
tion It 1s interesting that the human infant s type of clectrocardiogram bcd
comes recogmzable at the end of the first month of fetal hfe (Marcel an
troduced

Recently cathode ray electrocardiography by radio (remote control) hat b«num
by Holter of Helena Montana (1949) and by Kanatsoul s of Athens Greece (1950
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Exchaquet 1938) also exploration of the maternal abdomen 1o obtan fetal
electracacdiograms has been found swccessful 1 83 t0 90 per cent of cases
{Goodyear etal 1942)

The electrocardiograph does not tohe the place of such other methods of
examunation as hustory taking percussion auscultation and roentgenology but
* does obviate i large part the need of wahing mechamcal graphic records
of artenal and venous pulses and of the apex wnpuise Fnally o must be
realued that the electrocardiogram may be perfectly normal even in the
presence of sertous heart disease This method of study should therefore be
wiewed modestly as helpful but not accorded too great unportance

The electrocardiogram uself 1s written by the spread of electrical activity
that smeeps down the heart from 1ts pacemaker at each heartbeat sn penstaltte
waves over the atna and by special conduction tracts and fibers to the
veniricles (Figure 39)

1t 55 the movement of the string shadow or beam of hight that causes the

waves {usually cailed d or complexes) of the electr

R 16 39 Duagram of excitatory and canduction system of the heart

W e v e SR S e
10r vena cav
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These waves chiefly three have been variously named The German school at
first labeled them a for atrial wave ¢ for the first or initial ventricular wave and
1 for the second or final ventricular wave these designations have been justified
by tume but they have not been generally adopted Emthoven's letters arh:
trartly taken from the middle of the alphabet and attached to the deflections s0
as not to prejudice future workers 1n the study of the cardiac mechanssm have
become universally employed and will be used here the first deflection of
atrtal wave 1s called P the second deflection or the first ventricular wave 2
rapid succession of one two or three deflections 1s called ¢ R and § and
the third deflection or second ventricular wave 1s called T (Figure 40)
There 1s often a small fin1l and unexplained wave called U

Amplitudes Plotted
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PQorPR QT Durat on
I
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—_—
Atnal Ventricular Components
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Time Duration (Heavy Lines 02 Sec)

FIG 40 Diagram of normal clectrocardiogram showing the individual complcu(!
with special reference to amphtude and time duration P = atnial deflection QRS:ﬁbrs
ventricular deflection ST segment and T wave = remainder of ventricular activity b
ginnsng of @ ta end of T = duration of systole

There are two essential methods of description of the normal and ab-
normal electrocardiogram (1) that of the detarled analysis of the sndwvidual
complexes or waves which wall be largely covered m the present chapter an
(2) that of the p of the ch istics of the records as a Whoi
that 1s of the patterns which will be prescnted largely 1n other chapters for
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example the electrocardiographic patterns of certamn congemital defects of
mitral stenosts of the hypertensive heart and the cor pulmonale of pericarditis
and of myocardial infarction

ELECTROCARDIOGRAPHIC LEADS

The first and fundamental step 1n studying electrocardiograms 1s to become
familiar with the so called electrocardiographic leads An electrocardio
grapluc Jead 15 the connection of any two parts of the body by electrodes and
wires with the recording galvanometer Although two electrodes may be at
tached to any parts of the body (if they are not both too far from the heart
or too close together) to lead the heart current to the galvanometer 1t has
become customary for convemence and other reasons to make use chncally
of the forearms the kft leg and the precordtum An esophageal lead pomnt
to explore the left atrium and base and posterior portion of the left ventncle
has been proposed and tried with results of some interest but the procedure
1s not chareally practicable

Durect leads from vanous pomts on the heart surface itself present the
most detatled nformation possible concerning the spread of the excitation
%ave and aberrations thereof to the indwidual heart chambers and their
2atenor posterior and lateral walls The best substitute for such direct leads
i man has been found to be precordial leads with explorag electrode placed
on the skin as directly as possible over the part of the heart which 1t 15 desired
tostody Thus many thoracic lead points are possible mn the vanous intercostal
Spaces and around the chest and even n the esophagus We have not yet
mearly enough information to be sure of the most desirable positions and
indeed they are already known to vary from person to person according to
the body build and the position and type of heart disease but certain ponts
have already been selected and made the object of considerable study in
normal and abnormal subjects more about these below An mmportant con
sideration 1n obtaining these precordial or close up leads 1s that the other
O as1t 15 sometimes called indifferent remote or penipheral electrode should
be placed far from the heart itself on one of the extrermties or on the back
or by an ar duced by Wilson to neutrahze the effect
o My one extremuty by connecting all four extremties to a central terminal
a3 the remote electrode pont The concentration of iterest on the precordial
leads imitiated what has been called essentrally a unipolar lead

Quickly following swit untpolar kmb leads have been introduced to join
‘hhe Lupolar and bipolar chest leads they were at first n major part elaborated
l)’ Goldberger (1947) In the early days of these so-called umpolar lmb
eads 1t was thought that they had a rather mysterious superionty over the old
classicaf bipolar Iimb leads particularly 1n revealing more accurately the
:Iectncal (and also often the anatomic) position of the heart and otherwise-
an:;“l‘c myocardial disease but more recently it has been shown by Gr

Others that they actually merely supplement the bipolar kmb .
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allow us 1o establish with greater accuracy the projection of the axs and
abnormalittes thereof on the frontal plane of the thorax thus expanding
Emthoven s tnangle (scc below) 1nto a figure with six axes the three of the
unipolar leads being perpendicular to the three of the bipolar leads so that
there 1s only a 60 degree wmstead of a 120 degree nterval between the axes
(as will be 1liustrated later 1n the chapter)

Although the very first published electrocardiogram (Waller 1887) was
a chest lead convemence and chance led early electrocardiographers anay
from the thorax itself to hmb connections and only n late years has there
been a return to the precordim as an important focus of attention The pre
cordial leads at this wnitmg (1950) appear to have a double value as con
pared with the mb leads they reveal the electrical axis projection oo the
anteroposterior (smore or less sagittal) plane at nght angles to the frontal
plane thus completing the resultant projection of the direction and magmitude
of the electrical axis 1n space but also because of their close proximity 10 the
heart 1tself they show more clearly myocardial abnormaltties closest to (b
Nevertheless it 1s not likely that the mb leads as now taken will be abandoned
soon masmuch as they readily reveal normal varrations and abnommalities
m the frontal plane The heart 15 a solid body and so should be explored
electrically from all directtons Eventually technics such as those develope!
by Duchosal and by Goldman (sec below) or something newer still may
replace the present procedures but as yet they have not been developed for
practical routine use

In summary the reasons for taking these three types of leads are as fol
lows We continue to regster the bipolar lunb leads because we are famuhar
with them after many years of use, because they clearly suffice to demonstrale
the mechamsms responsible for tachycardta bradycardia and arhythmi
because they are important m helping to establish the projection of the
electrical axis and abnormalties thereof in the frontal plane and because
they have become in many instances a part of the useful elcctmcnrdlo‘
graphic patterns with which we have become famular during the past
decade such as those of the acute cor pulmonale congemtal atrial septal
defect and advanced mutral stenosts (or chronmic constrictive pencarditts
molving preponderantly the left heart chambers) The wmpolar b leads
are registered because they are especially helpful in demonstrating the postton
of the heart with or without complications of heart disease itself thus the
night arm Jead always (except 1n cases with dextrocardia) faces the ntersof
of the heart and so normally all its complexes are mverted the left arm faces
the outside wall of the heart when the heart lies honizontally or dragonally
with resultant upright complexes and the nside of the heart (as does the
right arm lead) when the heart s vertical giving nverted QRS and T wares
the left leg lead never faces the wside of the heart although it 1s at right angles
to its aws when 1t lies honizontally thus yielding under such condittons small
almost 1soclectric complexes The wumpolar precordial leads are reguster
because of their double value just d d 1 the p ding paragraph

Thus ordinanly now the three bipolar and the three unipolar jtmb leads
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nd several (preferably six) precorchal leads are registered for each patient
tudied these leads have been called Leads 1 2 3 aVR aVL aVF and
recordial or Chest Leads 1 to 6 or more respectively (Figure 41) In routine
nterpretation at the present time (1951) 1t 1s convement to analyze first the
[precordial leads since they often give the most mnformatton

BIPOLAR ( CLASSICAL ) LIMB LEADS

Lead I consists of the connection of the nght lower arm to one end of the
gilvanometer string and of the left lower arm to the other end so that the
preponderant spread of the action current (which has been called the wave

/ Q‘ddu lar Line
\

oVR tead 1= |

e a‘{[lF) Duagram showing bipolar hmb leads (1 2 3) untpolar limb leads (aVR

and precordial leads (V to V nclusive) The outine of the heart 1s
E!n:;gﬂ under the sternum and ribs the level of the first five interspaces 1s indicated
e rens triangle 15 represented as 1s abo the spatial relationship of the remote
#5t70dz 10 the Limb electrodes in the case of the unpolar hmb leads

of refatve hegativity) in the direction of the lead that 1s from nght arm to

<t 15 represented normally 1n the electrocardiogram by an upnght deflection

of the stning shadow while 1ts reverse direction 15 represented by an inverted
eflection

ané-'l"d' 2 consists of a similar but with el des on right arm
. eft leg Either leg may be used with Iittle or no change 1 the records
Obtainied since both legs show almost the same difference of electric potential
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allow us to establish with greater accuracy the projection of the axis and
abnormalittes thereof on the frontal plane of the thorax thus expandin®
Ernthoven s tnangle (see below) nto a figure with six ases the three of the
umpolar leads being perpendicular to the three of the bipolar leads so that
there 1s only a 60 degree 1nstead of a 120 degree nterval between the axes
(as will be rlustrated later 1n the chapter)

Although the very first published electrocardiogram (Waller 1887) v
a chest lead convenience and chance led early electrocardiographers aw3y
from the thorax 1tself to limb connections and only 1n late years has there
been a return to the precordium as an important focus of attention The pre
cordsal leads at this writing (1950) appear to have a double value as cort
pared with the Imb leads they reveal the electrical axis projectton on the
anteroposterior (more or less sagittal) plane at nght angles to the frontat
plane thus completiny, the resultant projection of the direction and magnitude
of the elestrical axis 1n space but also because of their close proumity 10 the
heart itself they show moie clearly myocardial abnormalities closest to thm
Nevertheless 1t 15 not likely that the lmb leads as now taken will be abandoned
soon nasmuch as they readily reveal normal vanations and abnormalities
m the frontal plane The heart 1s 1 solid body and so should be explored
electrically from all directions Eventually technics such as those develo|
by Duchosal and by Goldman (see below) or something newer still may
replace the present procedures but as yot they have not been developed tor
practical routine use

In summary the reasons for taking these three types of leads are as fol
lows We continue to register the bipolar imb leads because we are familiat
with them after many years of use because they clearly suffice to demonsirate
the mech: ponsible for tachycardia br fia and archythmia
because they are mmportant 1n helping to establish the projection of the
electrical axis and abnormalittes thereof in the frontal plane and because
they have become 1 many imnstances a part of the useful electrocardio-
graphic patterns with which we have become famtlar durng the past
decade such as those of the acute cor pulmonale congemtal atnat septal
defect and advanced mutral stenosts (or chronic constrictive p<enc:n'dﬂs
mvolving preponderantly the left heart chambers) The umpolar Timb leads
are registered because they are especially helpful in demonstrating the posthon
of the heart with or without complications of heart dsease itself thus the
night arm lead always (except 1n cases with dextrocardia) faces the ntenol
of the heart and so normally all 1ts complexes are 1nverted the left arm faces
the outside wAll of the heart when the heart hes hortzontally or diagonally
with resultant upnight complexes and the mside of the heart (as does U
night arm Iead) when the heart 1s vertical giving mserted QRS and T m\;s
the left leg lead never faces the inside of the heart aithough 1t 1s at night anghs
to1ts aws when 1t hies horizontally thus yielding under such conditions sma
almost 1soclectric complexes The wmpolar precordial leads are registe!
because of therr double value just d { 1n the p ding parag h s

Thus ordinanly now the threr bipolar and the three untpolar Iimb lea
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possible over the cardiac apex However 1t rather quickly became apparent
that even with care 1t was not always possible so to place 1t that even though
it were 5o placed 1t would usually emphasize normality or abnormalittes of
but a locahzed area of the heart wall and that it might be so close to the
veatricular suleus or so perpendicular to the spatial axis of the heart that a
sght displacement to either side would shift 1ts position from one ventncle
to the other or from negative to positive side of the anteropostenor plane of
the thorax (or vice versa) with a great change i the pattern Therefore an
1solated Lead o was gnven up by most workers in the field a few years ago

It was alvo stated n the last edition of this book that multiple precordial
(chest) leads should be taken in spectal or doubtful cases and that the author
and hus colleagues were takmg three such leads (CF CF, and CF;) when
necessary rarely more at that ime Our own experience and that of many
others soon caused us to take three precordial leads routinely with the ex
plonng electrode at pomts 2 4 and 5 and as time went on over 2 4 and 6
tnstead and with Wilson s central termmal (V) for the indifferent lead pomt
Instead of the left leg (as had been our choice) or the nght arm (as was often
the choice of others) Finally with more experience in the course of time we
Began to take all s1¢ precordial V leads in addition to the six Iimb Jeads men
tioned above 50 that for the sake of the valuable extra mformation afforded
®¢ now take 12 routine leads instead of the 3 that we took at the ttme of the
first edution of this book (1931) the 4 that we frequently took at the time
bt the second edition of the book (1937) and the 6 that was our custom at
the time of the third editson of the book (1944) In fact on occasion we may
i W explore further sull as 1n the case of a special atral lead (high up over

nght atnum) or of a lead (sometimes called 7) on the back at the left

Posterior aullary ine It 1s still too early to know how far we had best ex
Plore and yust what technics we shall eventually use

mM““'Ple Precordial leads (Figure 41) have become standardized as follows
o prefix dependmg on the posttion of the indifferent electrode or lead point—
CR (chest—night arm) CL (chest—Ieft arm) CF (chest—left leg) and

] Usually abbreviated now to V

s::dm' CR; CL, CF, CV, or Vy—the explonng clectrode at the right

X et of the sternum n the fourth mtercostal space

nl«hm CR CL CF CV or V—the explonng electrode at the left border

the sternum 1n the fourth intercostal space

' 3orCR, CL; CF; CV; or Vs—the explonng electrode midway on the

¢ Jounng 2 and 4

,4 or CRy CL, CF; CV, or Vi—the explorng electrode at the left md
f]-‘lwcul:\r Line m the fifth intercostal space We used to try to place this
;mfode at the cardiac apex but the vanability of the positton of the latter
x:[‘]?f:;‘l;eahh and 1n disease rendered that Jocation very unreliable and un

Sorcr oL CF CV or V—the explonng electrode at the anterior
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dunng the cardiac cycle the Ieft leg 1s however the customary lowur
point

Lead 3 consists of the connectton of the galvanometer with left arr
left leg 1 comparson with Lead 2 the left leg lead continues to be the 1>
contact while the left arm 15 substituted for the nght arm

Thus these three lead points night arm left arm and left leg when ¢
nected form a trangle which 1s essentially equilateral Electneatly 2nd ¢
metrically Lead 2 1s equal to the sum of Leads 1 and 3 since the differer
of electric potential between nght arm and left leg 1s the same whether ®
connect the lead pornts directly or 1n 41 roundabout way Therefore the ¥
P_should equal P, plus QRS should equal QRS plus QRS; and T sho
equal T, plus 75 (these letters refer to atrial and ventricular deflections ¢
electrocardiogram soon to be discussed while the appended numbess refert
the particular leads—1 2 and 3) Sumlarly Lead 2 minus Lead 1 equi
Lead 3 and Lead 2 minus Lead 3 equals Lead 1 This fact although usely
chnically 1 cheching the accuracy of standardization of the vanous Tead:
1s often sgnored

UNIPOLAR LIMB LEADS

Lead aVR 1s the new customary so called augmented (a) that s :\mPh‘ﬁ"‘
50 per cent umpolar (V a symbol) night arm (R) lead The explonng ¢
trode 1s attached to the nght arm and connected to one pole of the galvanor
eter while the other pole 1s connected to the indifferent Jead pont whch )
the case of the umpolir Lmb leads has been found to serve best when attache
to the three limbs not being explored V 1s a destgnation miroduced by Jobt
ston—personal communication 1951—to indicate leads taken with 2 conteé
termunal and dernved from its usage by electrcal engineers and physiests I
symbol of electrica) potenual 1t was not originally intended as an abbreviate
for vector o

Lead aV'L 1s the augmented unipolar left arm lead with explonng electrt
on the left arm and indifferent lead powmt connected to the nght arm 0
both legs .

Lead aV’F 15 the augmented unipolar left leg (F for foot) lead wih °
ploning electrode on the left leg, and ndifferent kead point connected 10 DO
arms and nght Jeg i

It 15 mmportant and comvenent to know that when addcd together
three umpolar hmb leads aVR aVL and 1VF equal zero

PRECORDIAL (CHEST OR THORACIC) LCADS
In the last (third) edition of this book much was smd about Lead 4 whit

had been called the standard or indeed even the classical” chest MH .
had been taken by attempting to place the exploring electrode 15 e
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1ghth and ninth leads over the left back and night antenior chest leads num-
1 at the

vanous precordial lead pomnts than do the bipolar leads although there 15 by

p
To means so great a difference as 1n the case of the umpolar and bipolar

of the

ELECTROCARDIOGRAPHY
ftss obvious that the umtpolar chest leads taken as Wilson has recom

sesed from midhine to the nght like the precordial leads and as advised
3y husch with the first lead pont at the midsternum (level of fourth imter-

space) for both sides
mended (CV) leads give 1 more
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uniformity 1t 1s suggested that for routine use the V leads be now emp)

HEART DISEASE
has been my own recent custom

tmb leads This 1s of course due to the fact that the greater the differs
1n distance of two electrodes from the heart the less the error due
chest leads of Wilson For this reason and especially for the sa

potential of the pont to which the ndtfferent electrode 1s atta
brpolar chest leads described above approach n accuracy
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Infracardiac and esophageal leads have been used  research and for study
of very special cases the former during catheterization of the nght atrium and
nght ventricle and the latter for exploration of the left atrium and posterior
wallof the left ventncle They serve as unipolar leads to explore these particu
lar parts of the heart and although dunng acute myocardal infarction 1t 15
oot wise to subject the patient to esophageal electrocardiography 1t 1s possi-
ble 1 chronic cases to identify a posterior myocardial scar and also to uncover
atnal action not apparent 1n other leads The mght ntra atnal electrocardio-
peram shows normally an mverted P wave high i the atrum m the vicmty
Eofthes anode an upnight P wave low 1n the attum and a diphasic P wave n
miermediate posiions while the ventricular complex varies from a @S to a QR
most commeonly or even less often (near the ventricle) to a RS all with nega-
tve T waves The nght intraventnicular electrocardiogram shows normally an
upright P wave and an RS with a negative 7 Esophageal leads show a shghtly
later P wave over the left atrium by about 0 05 second than the P wave te
corded by the nght intra atrial electrode

Inthe esophageal lead the P wave 1s as a rule unusually promunent and
bigh and the ORS and T waves are normally mverted unless the polarity 1s
teversed 1n which case an nverted T wave 1s indicattve of disease (usually
ufarction) of the postenior wall of the left ventncle

CARDIAC VECTOR AND ELECTRIC AXIS

A vector 15 a force which has direction and magmtude and electnically
either 3 negative or a positive charge In electrocardiography 1t has been
loosely called the electrical axis of the heart Fundamentally electrocard:
Ography 15 the analyss of the cardiac electrical vectors and there are varions
fechnics for their demonstration all of which are more or less crude and 1n
the process of further development ncluding the old classical bipolar limb
Teads wathy the much debated but still scientific illy applicable Emnthoven tn
angle the untpolar imb Jeads the precordral leads and the more basic but
least developed technic of all namely that of vectorcardiography

¢n the excitation wave spreads from normal or abnormal pacemaker
through the heart 1t 15 attended by a wave of electric actvity which takes a
emplicated mamifold path (see Figure 39 page 183) The diffuse course
“nbe represented by the QRS loop a curve not lying 1n a single plane but in
$P2e as does the heart 1tself A further reduction of this curve has hitherto
c:n Necessary to suit the imited boundares of electrocardiography and so we
ln: determine 115 projection on the anterior plane of the body to fit mnto the
mn"gfe of the three classical leads or on any other plane for example specifi
hﬁy Sagittal or honzontal Finally for further convemence the curve 15 sim
:ﬂ IEd by constructing 1ts resultant a straight line to show the consequent
dnsz:ha“d de Ihs of the proy of the true axis of the
e uted electnic potential of the heartbeat 1s what we brefly designate as

°etne axis of the electrocardiogram It can be determined by calculation
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from any two of the three classical hmb leads by formula or by diagram usi,
what 1s called Einthoven s tnangle It has been of some clintcal interest and
value to make this calculation 1n cases showing an abnormal deviation of the
angle (the normal range of angle 1s from —20 to +100 but usually +%0

to +70°) The formula 1s as follows tangent of alpha :2;\7;1 where
alpha equals the angle between the axis and the honzontal e the ampltuk
1n mullimeters of the QRS wave i Lead 2 and e, that of the QRS Lead |
The length of the axis or the manifest potential difference (E) 15 caleulated

More convenent than thest

from the formula E =

e
cos (a—60 )
formulas has been the employment of the diagram of the triangle of the
leads (Figure 45 Einthoven s triangle) Leads 1 and 3 are usually cmployed
m this calculation The amplitude of Ry — Sy 15 plotted on the Lead 1 hne
and that of R, — 85 on the Lead 3 Itne perpendiculars are dropped from the ¢
potnts to thetr pornts of intersection Lines are then drawn out from the center
of the circle through these ponts of to the circumference of ¢
circle the angles with the horzontal diameter of the circle the zero Line are
read off the degrees being noted as positive around the sermictrcle clockwse
to 180 and as negative counterclockwise This 1s a crude but chineatly cot
ventent and useful method It affords only a very general measurement and
shows no detail of the axis deviation If at the present ime however greaket
detail and accuracy are attempted the method becomes complicated and &t
cult Although it 1s of some academic nterest to know ot only the resultanl
axis deviation but 1ts whole curve that 1s the ndividual deviations at vanoss
phases 1t 1s of much greater interest to know the direction of the cure mn
space for example how much of 1t ts bent backward i the anteropostenct
plane a feature not shown at all m the frontal plane It 1s to be noted that 10
secure adequate information accurately for even one (eg the frontal) plan®
two electrocardiographic leads must be registered simultaneously to make sur¢
of the synch of phases for ple the top of the QRS peak 18 Lead
15 often not synchronous with exther peak (or nadir) of downstroke 1n Le2
A further development of the representation and analysts of the cardiac vector
(eleetne axis) 1n space has been the construction of the vectorcardiogral®
both by projection on the three planes and by tridimensional models (€
below)

The direction of the resultant electnic axis of the heart i the frontal
Lies within wider Lmuts than does the anatomic axis both normally and 3
normally The normal electric axis hies between the degrees —20 and +1
of Emthoven's tnangle (Figure 45) If the angle 1s more mmus than ~20
that1s much above the horzontal there 15 so-called abnormal feft axs 4evi2
tion and if 1t 1s beyond +100° that 1s considerably to the mght of the
vertical there 1s abnormal nght axs deviation |

Theterm  abniormal left and night axis deviation as apphied to the classlf;‘
bipolar hmb leads docs not have the same significance as  Ift and 1

plant
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i derance  Displ. of the heart upward by a high
diaphragm so (hat the heart Iies honzontally will give abnormal left axis
deviation even though the left ventricle remains normal while a low dia-
phragm with vertical heart position will tend to give abnormal nght axis devi
ation even though the nght ventnicle 1s small and the left ventricle actually
preponderant It s true however that when we find high degrees of abnormal

Lead

2
P
L W1 Il Il 1 | } —
A | I OO I I I !
3
T L L— ¥ T T T T
100 =90_-,
_“ao_70

P45 Electrocardiogram (Lea ts 1 7 and 3) and Einthoven s tnangle showng normal
angle of the clectrcal axis
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from any two of the three classical mb leads by formula or by diagram s
what 15 called Einthoven s tnangle It has been of some clinucal interest
value to make this calculation 1 cases showing, an abnormal deviation of U
angle (the normal range of angle 1s from —20° to +100 but usually +7%0

2e —
to +70°) The formula 15 as follows tangent of alpha =-:|\/ ;’ whert

alpha equals the angle between the aws and the honzontal ¢ the amphok
m millmeters of the QRS wave n Lead 2 and e, that of the QRS m Lead !
The length of the axis or the mamifest potential difference (E) 1 calculatd

from the following formula E = More conyenent than the¢

e
cos (a —60 )
formulas has been the employment of the dragram of the tranele of e
leads (Figure 45 Einthoven s triangle) Leads 1 and 3 are usually cm;‘h?"“‘s
i this calculation The amplitude of R; — S} 1s plotted on the Lead 1 Lt
and that of R; — §; on the Lead 3 line perpendiculars are dropped fromthe e
points to therr ponts of intersection Lines are then drawn out from the cenl!
of the circle through these points of to the circumference of
circle the angles with the horizontal dameter of the circle the zero hne 3%
read off the degrees being noted as positive around the semicircle clockwi®
to 180 and as negative counterclochwise This ts a crude but chnreally cof
ventent and useful method It affords only a very general measurement 38

shows no detail of the axis deviation If at the present time however greatel
detail and accuracy are attempted the method becomes comphcatcd and &
cult Although 1t 15 of some academic nterest to know not only the resultant
axis deviation but its whole curve that 1s the indrvidual deviations at vanosé
phases 1t 1s of much greater interest to know the direction of the curve &
space for example how much of 1t 1s bent backward 1n the anteropostent!
plane a feature not shown at all m the frontal plane It 15 to be noted that
secure adequate information accurately for even one (e g the frontal) pla
two el diographic leads must be d ly to make suI:
of the synchromicaty of phases for example the top of the @RS peab 1n L”dj

1s often not synchronous with either peak (or nadtr) of downstroke 1 Le2

A further development of the representation and analysts of the cardrac vector
(electnic axis) 1n space has been the construction of the yectorcardiogra™
both by projection on the three planes and by tridimensional models (¢
below)

The direction of the resultant electnc axis of the heart i the frontal plan®
lies within wider hmts than does the anatomic axis both normally and 2>
normally The normal electric axis hies between the degrees —20 and +103
of Einthoven s tnangle (Figure 45) If the angle 15 more minus than =2
that1s much abose the 1 there 1s fled 1 it axis 65
tion and 1f 1t 1s beyond +100° that 1s considerably to the nght of
vertical there 1s abnormal night axis deviation el

The term  abnormal Ieft and nght axs deviation  as applied to the class!
tipolar Iimb Jeads does not have the same sigmificance as Lt and P
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average normal angle to an abnormal one (Figure 4 page 33) This mfluence
of displacement may even give abnormal left axis deviation of great degree
although 1t often but exaggerates the effect of other factors An imterestng
vanation of this type consists of complete negativity of Lead 3 all the com
pl P QRS and T—being wverted this phenomenon 1s often found 1
short fat indwiduals with lugh diaphragms

2 Preponderant enlargement of the Jeft ventricle 1s a common cause o
accompaniment of left axis devtation of fugh degree Chronic hy pertensiont and
chronic aortic regurgitation ot stenosts are the most important of the knos?
clincal conditions behind 1t (see Figure 97 page 477 and Chapter 26)

3 Left bundle branch block (see Chapter 34) The electrocardiogram
marked left bundle branch block has abnormally wide QRS waves ovef ol
second in duration with moderate amphtude above the baseline 1 Lead 1
and below the baseline in Lead 3, with rather low voltage or diphasic QRS
waves 1n Lead 2 (sce Figure 165 page 947) and broad notched down
wardly directed QRS waves over the night ventricle and bifid or sturred R
waves over the left 1n the multiple precordial leads Untl fifteen years 250 s
type of electrocardiogram was thought to indicate right bundle branch blmf
but convincing evidence from the precordial leads (with Iate arrival of ¥
mtrinstc deflection over the left ventucle} exposed the error of the earher
nterpretation

4 Rught ventrucular premature beats (see Chapter 32) Isolated 1nstantes
of abnormal axis deviation occur n the form of ventricular prematuse beats
ansing 1n the nght ventncle or near the cardiac base The QRS waves a
deformed much as 1n left bundle branch block but their ampltude 15 usuafl¥
much greater In a well marked mstance of right ventricular premature beat
the ORS, 1s relatively high the QRS; 1s deep the QRS 1s diphasic and ofter
of low voltage and the precordial QRS shows an early intrnsic deBection ¢
the night ventricle Years ago these extrasystoles were thought to arise i g
left ventricle

Abnormal right axis deviation (Figure 47) much less common than abner
mal left axis deviation results from five factors

1 A vertical heart position or rotation of the heart on its other 2%€s m;y
give nise to abnormal rnight axis deviation usually not of great degree R i
angle rarely measuring more than +95° mn the normal person but sufficie™
to mask other condtions It 1s by far the commonest cause of nght “‘;;
deviation Deep nspiration may give temporarily a shghtly abnormal 1€
axis de when the elect diogram 1n quiet hing shows 2 (cndeﬂs&'
toward 1t Displacement of the heart to one side or the other by fued o1 BY
awe 1 the pleura or by lung retraction or pleural adhesions affects the P"":
tion of the heart as a rule 1n toto along with the mediastinum  withow N“Bn
ing any important change 1n axis deviation as does also shifting of posit
from one lateral recumbency to the other as noted above

2 Preponderant enlargement of the right ventricle with sts atte
1n positton of the heart particularly by clockwise rotation 15 the ¢

adant shift
ommonest
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Electrocardiogram and Einthovens triangle showing abnormal night ams

deviation 1n a case of mitral stenosis of high degree
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cause of markedly abnormal right axis deviation in which there 15 a sharp
moderately deep S, with hittle or no R, a diphasic QRS of Lttle voltase 2
high R, with Iittle or no S; and relatively high R waves over the night ven
tricle and prominent § waves over the left ventricle 1 the precordtal leads
Duriag the first few weeks of Wfe night axis deviation 15 often present not
mally m slight degree After that age moderate or high degrees of nght aus
deviation are caused by three clinical conditions mutral stenosts concenital
defects and pulmonary disease Mtral stenosts 1s frequently found without
abnormal night axis deviation but when that electrocardiographic sign ¥
present espectally if there 15 atrial fibrillation and no obvious sign of con
gemtal heart disease that valve lesion 1s usually found to be present (Figie
129 page 680) Congemtal pulmome stenosts and interatral septal defects
are rarely 1f ever found without abnormal nght axis deviation by electt™
cardiogram they cause a higher degree of 1t than does any other conditon
(see Figure 73 page 320) Rarely the cause of abnormal right axis dewiation
15 chronic pulmenary disease 1n particular silicosts or other cause of extens™®
fibrosts Very rarely pulmonary endartentis may be a factor

3 Rught bundle branch block 1s shown electrocardiographically by ab-
normally wide QRS complexes directed downward i Lead 1 and upward 1
Lead 3 or by wide S, waves (see Figure 166 page 948) In Lead 2 the ORs
wave 1s diphasic as a rule and of low voltage and mn the multiple prccordml
leads 1t 15 M shaped over the nght side of the heart and shows a prommmt
wave and wide S wave over the left This was formerly called left bundie
branch block (see Chapter 34)

4 Left ventricular premature beats are 1solated mstances of abnormal gt
axis deviation gaving high wide OPS complexes in Leads 2 and 3 QRS wavés
often ot low voltage slightly or moderately mverted 1n Lead 1 and with wide
QRS waves m the precordial leads with earlier intrinstc deflectons over the
left ventricle A premature beat ansing from the left ventrcle although neaf
the night ventricle has been shown expenimentally to give nise to a QRS com
plex of left ventricular premature beat type But ventricular prematur® beats
are often neither of definitely night nor of defimitely left ventricular type 11 lhi
electrocardiogram m such cases they may anse n the septum of Junction?
tissue "

5 Congenital dextrocardia shows a typical electrocardtogram 1 about ha
the cases thatss where there 1s transposition with gencral situs mversus (se¢
Figure 65 page 303) There 1s a complete mversion of all complexes of Lﬁ‘h
1 and an snterchange of the usual Leads 2 and 3 due to the fact that wif
relation to the heart 1n such = case the night arm corresponds to the left ahr!:l
of the person with the heart in normal position and the left arm t0 the nig!
When an electrocardiogram shows a completely 1nverted Lead 11t 1s pathos
nomonic of congemtal dextrocardia provided there 1s no error int tcchm:'I
namely a crossing of electrode wires The precordral Jeads show the US“m
normal charactertstics when the explonng electrode 1s placed over the n
side of the chest
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Vectorcardiography A further and natural evolution of the study of the
cardiac veetor 1s 1ts deter and d ation 1n space that 15
three dimenstons and also 1n ime which 1s of prime 1mportance too simce
the duration as well as the distance direction and magmtude of the cardiac
vector 15 significant Vanous technies have been introduced to study the vector
projected on the frontal plane as already noted including among others that re
cently devised by Goldman using the cathode ray oscillograph and many lead
pomts over the entire precordium which result m waves of darkness and
Lght representing P QRS and T waves sweeping over the field

Also desirable as an eventual goal when 1t can be routinely introduced
1s the spatial (and time) recording of the cardiac vector which has been
called vec diography Varnous have studied the problem
Mann was one of the first who did so caling the resulung curve the
monocardiogram (1920 and 1938) Duchosal and Sulzer (1949) are also
poneer workers who have developed the method more fully wath the
actual construction of models of the P QRS and T waves (vectorcar~
diography) based on the projections of cathode ray oscillograms of the cardiac
‘ector on two planes of a trihedron with the time marked off by beads attached
to the wire loops representing the course of the vectors (Figure 48) Figure
49 shows the relationship of the trihedron of Duchosal and Sulzer to Ewmn
thoven s tnangle and the umipolar chest lead pomts Much time will be needed
1o determne the range of normal vectorcardiograms and abnormal patterns

My friend and former associate Dr J W Hurst of Atlanta Georgia ex
Prenced 1n recent developments 1n certain technics of the application of
Vectorcardiography m this country has hindly prepared for me the following
1nsert (personal communication March 1951)

Grant and his co workers have presented a method for determining the
SPatial direction of the fundamental electrical forces of the heart by simple
Ispection of routine electrocardiographic leads Since this method appears
Promising 1t 15 mentioned here for completeness For greater details and
Proof of the method  the reader 1s referred to the Bibliography

To d termme the direction of the mean QRS ST and T forces in the
frontal plane the six leads are mspected to d which lead
has the largest deflectzon and which lead has the smallest deflection The
Tesultant area of each deflection 1s used 1o determune its relative size The
Tesultant area 15 determined by adding the positive portions of the curve to
the Negative portions algebraically The mean vector will be parallel to the
tad axis with the largest d or perpendicular to the lead axis
With the smallest resultant deflection and ts direction must satisfy the polanty
of ail six extremnity leads With practice one will soon learn to nterpolate

tween the ext of vector p just 50 that the range of
eror Wil be only 5 10 10 degrees The direction of the mstantaneous vectors
uan be determined 1n a similar manner by breaking up the QRS and T deflec

15 Into small \ndividual portions If onc remembers that Lead 1 + 3 = 2
and thit aVR 4+ avL + aVF = 0 then the determination of the direction of 7z
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the various vectors becomes quite accurate By the above reasoning one ca
determune the frontal plane projectson of the mean spatial QRS ST andI
vectors and spatial QRS ST and 7T loops

After identifying the direction of the frontal plane projection of a spatal
vector one then locates the transitional complex 1n the precordial leads (4
transitional complex 1s equally negative and posttive or resultantly zero } The
transitional complex 1s recorded along the transitional pathway on the chest
which 1s produced by a plane perpendicuiar to a spatial vector at s onge
extended to the surface of the volume conductor The locatton of this plane
which 1s perpendicular to the spatial vector under study will therefore deter

!
¥1G 48 (A) Photograph of wire loop representing the vectorcardiogram of 2 normd!

smdresdoal The timung Of the long. obhauely placed GRS foop smdicated by heavy U2 %
wire 1s shown by beads from 0 to 7 (ume interval = 0 01 second) The P 100p ﬂx“‘;‘r‘,
of thin wire scarcely visible The T loop 35 grey m color The point of ongm of al EoH
Joops P QRS and T 1s zero A black column supports the model At the bmmuro
the stand a cross represents the normal axes of the body the vertical bar the )"‘h!
posterior and the h tal bar the The {limb l:: o
11 and IIT) 15 shown at the Jeft of the loop (B} Wire loop representing the vectorear L
gram of x case of the tetralogy of Fallot with the graphs of the complexes anhou'
electrocardiogram represented as in the case of 4 (Randness of Dr Prerre Dus
Geneva Switzerland )
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mine the anterior or postertor displacement of a vector from the frontal plane
thus 1dentifying 1ts spatral position If the thorax is assumed to be a cylinder
which 15 2 reasonable assumption electrically speaking 1t 1s quite easy to
visualize the transitional pathway and its relationship to the spatial vector
The method described allows one to determine the mean spatial vectors and
by simlar reasoming the spatial instantaneous vectors can be visualized The
1ange of error in determming the spatial dwrection of electnical forces ap-
proaches 15 degrees

FIG 49 Drawing in perspective of the plans of derivations according to several
stems The rectangular trihedron symbolizes the dervations of the vector the equi
Tageral triangle that of the Limbs and the ell pse those of the precordium (kindness of

Duchosal and Sulser Figure 43 page 88 of their book La Vecrocardiographie S karger
Bale and New York 1949 )

In a general sort of way the QRS vector mdicates the direction of the
electncal field n the chest and 1t becomes totally unnecessary to memonze
Yanous deflection contours n order to determune such a position The spatial
QRS T angle 15 an extremely useful tool It should be apparent that the QRS
vector and T vector produce the sides of the parallelogram which 1s necessary
10 construct the ventrscular gradient and therefore the QRS T angle incorpo-
Tates certam of the properties of the gradient The spatial QRS T angle vanes
®ith age and 1n the normal adult 1s usually less than 60 degrees

The clectmcardxogram of a patient wath a normal heart 1s shown analyzed
by the vectoral method m Figure S0

The electrocardiogram of a patient with an extensive anternior myocardsal
infaretion 1s shown analyzed by the vectoral method m Figure 51

Elrdmcard.ogmphnc gradient Closely related to the cardiac vector and the
electric avis 55 the so-called gradient which may be calculated for erther atra
Or ventricles although to date attention has naturally been focused as in other
such studies on the ventricles The ventricular gradient as defined by Burch
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and Winsor (1949) 1s a vector expression (in quantitattve terms) of fh
relative vanations tn duration of the excited state in the different portions ¢
the ventricular musculature Thus g (the ventricular gradient as projected o
the frontal plane of the body) = the sum of Agrs (the mean mamfest mag
tude of the QRS complex deterrned algebrarcally and measured n mirov
seconds or umits te¢ the mean force of the depolanzation process of the vet
tricular musculature) plus Ar (the mean manifest magmitude of the T wav
which represents the repolarization process 1 microvolt seconds or units;
The caret placed over the symbols indicates a vector value

The technic of the measurement of the ventnicular gradient consists ¢

3 aVR aVL oVFf

T )
A
= = (el Yt

Ant t
+ £ " Pes Right Lelt
G

he
FIG S0 Thirty seven year-old normal male ilustrating a horizontal posit:on of ¢

mean QRS vector {A) Mean QRS and T vectors as seen in the frontal plane [¥:3) 1:1:';‘;
spatial QRS vector as seen in a cylindrical volume conductor (C) mean spatial T: e
as seen in a cylmdrical volume conductor (D) final “summary” figure to lllus!rln ehﬂe
spatial QRS and T electrical forces (E) frontal plane QRS loop (F) saggﬂ; DP' 1
QRS loop and (G) coronal plane QRS loop secn from below (hndness O

Wallts Hurst Atlanta )
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v o,
Menody since the 5T segment 15 elevated in all the chest leads The T vector 1 ey
¥ sightty anteriarly since the T wave 1s positive 1n Lead V and pegative in Leads
a5 v 10 general the D4 “dead Zone vector s directed away from an area of mvo
Sardiaf tfarction and the T vector &3 directed away from the schemic 20DE surrounding

'“’lﬁvird(a! Infarction since the 04 vector 15 duected away from the anterior ventricular
*all 2nd the 5

the Tateral wayp of the left ventricle The diagram to the right MHustrates haw the spatrat
YOI ate recorded routinely i chmweal practice (Figure and legend through the ksng
% of Dy 3 Wlls Hurst Atfanta )

5 vestor Tefers to the 1nutrat elestrical force acting duning the first 03 secong
oL the QRY Joop

MEASunng the Sum of the areas (A) 11 mucrasclt (one mathonth volt) seconds
101 the ORS and T waves above the bascline 1n any two leads (preferably
2ds 1 ang 3) and subtracting the sum of areas below the baselne (Figure
A) In the <ase of a single normat muscle stap (Figure S2B} the gradient
would fe 210 Since the depolanzation area (R) above the basehne would
BeUtrabizeq by the repolarization arca (T) below the baseline In human
dectrocardmgmphy however the situation 15 very different there bemg many
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heart muscle masses with varying individual fluences per se and as affected
by changes 1n posttion and rate of the heart as well as by disease Thus s
m the frontal plane the routine lmb leads show normally preponderant
upnght T waves as well as preponderantly upright QRS waves the normal
ventricular gradient 1n man has been found to average -+52 microvolt seconds
or 13 0 umits (1 umit = 4 microvolt seconds) the range 1s not certain but bas
been put at a maximum of 23 0 units and a muumum of about 25 vt
(Burch and Winsor 1949) The gradient of QRS (Aqrs) vares from abot
+120 to about ~3 5 unuts There 1s as yet hittle chmcal applicability of e
ventricular gradient although primary changes in Ay {1e  not dependent o8
vanations of the QRS wave) may be distinguished by this method

Zero Potential o
Isoelectric Line

FIc 524 Diagram showing the areas subtended by the P and QRS complexcs and ¢
area under the T wave Arcas above the 1soelectric line are considered to be postlive Vil
and those below the 1soelectnic hine are negative

Depolarization
ave

Repolanzation
Wave

/////////-
4

%
A

FIG $2B  The process of depolarization and repolarization results in two se;;amc
waves which iclude areas of equal size (A Primer of Electrocardiography 208 &
1949 [Ist ed 1945] Kmndness of Drs George Burch and Travis Winsor and L2
Febiger Philadelphia )

ELECTROCARDIOGRAPHIC COMPLEXES AND TIME INTERYALS
THE ATRIAL DEFLECTION OR P WAVE

‘The normal P wave Electrical acuvity of the atnia 1s as a mle b‘";'
defined and studied 1n Lead 2 than in the other routine leads because the
axis of the P (atnial) wave 1s commonly paraliel to Lead 2 for SP“:,“
analysis in difficult cases however the first precordal lead Vy may be use %
or, best of all a kad with electrode m the third interspace just 0 the 71!
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of the sternum  Analysis of the normally inverted P wave 1n Lead aVR may
also prove helpful

The P wave of Lead 2 of the electrocardiogram 1s normally a blunt
rounded sometimes shightly notched or scalloped upnght deflection 1 to 3 mm
hugh (each mulltmeter represents mn a properly standardized record one tenth
of 2 millivolt) and not over 01 second wide at the lower border of the
baseline between corresponding paunts of upstroke and downstrohe Thus wave
represents the spread of excitation over the atna along the muscle bundles
from the normal starting pomnt the pacerraker at the head of the sioatrial
tede which hies at the junction of the supertor vena cava and the nght atnum
(Fioure 39 page 183) The atnal electnc axss which 1s the resultant of the
spread of current 1n all directions over the muscle of night and left atnia 1s nor
mally directed down and to the left in 1ts projection on the anterior plane of the
body which 1s that represented by the routine electrocardiogram The P wave
uself 15 very short n time interval and represents only about one thurd of
the duration of atrial systole 1t 1s followed however by a shght change mn
basehne of varymg extent usually directed downward comnciding m time
with the rest of the atrial systohc interval but as a rule concealed by the
Superimposition of the first ventnicular complex or QRS wave In heart block
s Iate evidence of atmal electnic activity may sometimes be clearly seen It
Eas been called the atnal T wave or Ta deflection (Figure 53)

Lead 2

FI6 53 Electrocardiogram showing Ta waves m complete heart block Lead 2

The P ware of Leads 1 and 3 In Lead 1 the P wave 1s called P, It s of
lower amphtude normally than 1 Lead 2 sometimes 1t 1s flat or soelectnc
;“d S0 may be mwvisible rarely it may be greater than the P wave in Lead

Py normally when the P wave of Lead 3 (£;) happens to be inverted

1Y rarely the P wave may be inverted mn Lead 1 when there 1s normal
hythm  such a finding means congemital dextrocardia if an error has not
@ T made 1n the of the el des with totally upside

“1 Lead 1 When P, 1s 2 mm or more amplitude 1t 15 abnormal and the
$Me factors responsible for an abmormally hgh or wide P are also re

Sponsible for too large a P, In other respects too the discussion about P
3pplies 1o p;
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In Lead 3 the P wave may normally be upnight 1soelectric diphasic ©
even shightly inverted It 1s therefore the least desirable of the three bipol
Imb leads for study of the atrial complex However arrhythmias may b
present in this lead and not 1n the others and one may also wish to note th
character of the Py wave to aid 1n the interpretation of atrial abnormaltics
the other leads and of the significance of mversion of T

In the umpolar imb leads the P wave like the QRS and T waves ‘ame
normally 1n direction and amplitude with the position of the heart Inth
night arm lead (aVR) 1t 1s almost invanably 1nverted and often closely 1¢
sembles except for its direction the P wave of Lead 2 In the left arm 20
left leg leads it 1s upright and of vanable height higher m aVL than 1
aVF if the heart Ites horizontally and vice versa 1f the heart 15 vertical

In the untpolar precordial leads Vi to Vginclustve, the P wave 15 not usually
so well marked as m the Iimb leads 1t may be of fair amplitude howerr
and more often upnght than otherwise i the first position just to the nght
of the sternum and when the right arm 1s used as the indifferent or dastal lead
pornt 1n general 1t may be upnight, 1soelectric diphasic or mverted

Abnormalities of the P wave The description of the P wave abnormabities
heren refers 1n particular to Lead 2 which as a rule of the routin leads
shows them best

The P wave may show abnormalities of size and shape whether the heart
rhythm 1s regular or not Moreover the P wave itself may remain normal 1
some instances of irregular or disturbed rhythm as n heart block Disorders
of rhvthm will be considered 1n the last three chapters of the book Sinus
arrhvthmia however demands a brief discussion now

Due to a vanable activity of the pacemaker in the smoatnal node caused
by vagal infh and often d with some bradycardia smus arrhyth
mia (Figure 161 page 927) 1s generally a simple waxing and wanmg ©
rate with the intervals between normal P waves first decreasing and the
ncreasing 1n phases related to the corresponding phases of respiratios m
spiration and expiration It1s a normal phenomenon most common 11 chuldren
If vern marked or not related to respiration 1t 1s an abnormal phcnumeﬂm‘
m which case digtalization or faulty coronary circulation or an unknowd
factor may be responsible The P waves may decrease 1n amplitude vath the
penods of brad; dia as the p ker d ds along the tnal node
usuallv they do not so decrease

Increase wn amplitude (height) of the P wave 15 usually associd
ncrease 1t 1ts width or duration although one may be present without the
other An ampltude of 3 mm or more and a duration measured petween
corresponding ponts of upstroke and downstroke at the bascline of over o0l
second are greater than the normal measurements 1n the subject at rest
though exercise and d p tone with tachycardd
mduced otherwise than by exercise tend to mcrease the height of the P wave
even above the usual normal limit a constant increase i height of wid
or both of the P wave 1s most often found 1n three conditions namely e

ted with
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stenosts and two congenital anomalies atnal septal defects and the tetralogy
of Fallot both of which especially the first are associated with considerable
atnal enlargement Hypertension espectally with myocardial faillure and less
commonly other 1ll defined conditions may cause lugh P waves 1n the electro
cardiogram  When this atrial deflection 15 abnormally gh or wide 1t tends
also to be abnormally notched sometimes the notching 1s so deep that the
deflection appears doubled Increased width of the P wave with or without
mcrease 10 height 1s more Iikely to indicate enlargement of the left atrum as
1 mitral stenosis while preponderant mncrease 1n hetght with or without 1n
crease m width 1s more often found with enlargement of the night atum as
1 the case of a congemital atnal septal defect
Decrease 1n amplitude may occur n vagal depression of the sinoatnal node
with probable displacement of the pacemaker from the head of the node down
toward the tail and this may be halfway or more along the sulcus terminahs
toward the infertor vena cava This change in P wave may be seen to occur
gradually or suddenly or 1t may be a constant finding 1t 1s frequently asso
ciated with a slowing of the heart rate It may sometimes be produced through
vagal sttmulation by pressure over the carotid sinus but 1t also may occur
mdirectly through the effect of digitalis or 1t may infrequently occur spon
taneously as for example during the slowing of the heart rate at the end
of expiration The clmcal condition 1 which an abnormally low 1 fact often
2lmost 1soclectric or flat P wave 1s regularly found 1s hypothyrordism (Figure
2 Page 454) due to erther myxedema or cretinism This smallness of the
Pvave m such cases accompanies a tendency to low voltage throughout the
:lec!mcardmgxam particularly mnvolving the T wave When the clincal con
dition imp and the basal boltc rate rises toward normal under treat
ment with thyrord gland the P wave also becomes more normal Under other
Varied the P wave 15 Hy found very low the reasons
for which are not clear Heart fatlure alone does not cause the change
Absence of the P wave as a separate definite deflection results from several
fauses (1) In the first place this 15 most commonly due to atnal fibrillation
m which orderly sequence of atnal contraction 1s replaced by irregular rapid
tcoordinated atrsal movement (see Chapter 33) (2) In the second place
the P wave may be replaced by regular 1nstead of irregular baseline oscilla
Yons due to another condition closely related to atrial fibnllation namely
anal flutter (sec Chapter 33) (3) In the third place the P wave may be
bartly or wholly buried 1n the QRS wave or 1n the T wave 1n cases of atrio
Vemneular block (Figures 53 and 164 page 935) of paroxysmal tachycardia
g&i}’:svi% and 157 pages 879 881) and of premature beats whether of
ntricular ongin (Figures 154 and 155 pages 868 869) of reciprocal
™Wthm of ventricular escape (Figure 161 page 927) and finally of the rare
Anoventricular nodal rhythm (Figure 163 page 932) In most mstances of
these abnormal rthythms the P wave does not exactly comeide either with the
Wave or with the T wave and so 1t can be distinguished A mechanical
tracing of the Jugular pulse may m some of the obscure cases reveal v«hgt P
¥
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gomng on by the presence or absence of the @ wave supenmposed on the ¢
or on the v (4) Finally true atnal standstd] or paralysis either transient or
complete may account for the absence of the P waves due to depression of
the pacemaker 1n the sinoatrial node and to 1ablity of the lower, that 15 the
atrioventricular node to start an atnal contraction (see Figure 162 page 99)

Imverston of the P wave (1) Inversion of the P wave in Lead 2 1s abnormai
and occurs most commonly 1n the case of atrial premature beats (see Figure
154) (2) Inverted or diphastc P waves also occur sometimes with continuous
abnormal atrial thythms most commonly 1n atnial paroxysmal tachycards
(Figure 156 page 879) (3) A thied cause for mversion of the P war
very much rarer than that due to atnal premature contractions or to atral
paroxysmal tachycardia 1s atrioventsicular nodal rhythm already mentrooed
(see Figure 163) Rarely an excessive trntability of the atrioventricular jJunc
tronal trssue may gne mse to paroxysmal tachycardia ongmatng there
(4) A fourth cause of mversion of the P wave 1s retrogression giving 15
to a 50 called retrograde P wave followng a ventricular premature beat

In some 1nstances the P waves are more readily studied otherwise than
Lead 2 for example 1n the spectal atrial lead with exploring electrode 1 the
third intercostal space at the right sternal border or mn an esophageal lead
when the P waves are indistinct or not seen 1n other leads

THE ATRIOVENTRICULAR OR P R (P Q) INTERVAL

The P R (P Q) mterval 1s routinely studied 1n Lead 2 but observations of
its length in the other leads should always be made It 1s a measure of atrio
ventncular conduction time from the atral pacemaher through the atnal
muscle across the junction from the atnal myocardium to atrioventricular
node through this node and the bundle leading down from 1t and throuth
the night and left bundle branches and therr 1n the Purkinje net
work mto the ventricular muscle fibers themselves at which moment the
ORS wave begins The P R interval 15 measured from the beginmng of the
upstroke of the P wave to the beginning of the QRS wave whether this b;
upstroke or downstroke It normally vanes n the adult from 012 to 02

(or cven 1n rare cases 021 or 0 22) second averaging 016 second and ll;
nfancy and childhood from 008 to 018 second averaging 012 of 053
¢

second Its duration 15 undoubtedly a function of the heart size (Figur
page 207)

Some years ago 1t was demonstrated (White Leach and Foote 1941)
that an error may anse in the measurement of the P R interval espectally “;
Lead 2 due to the neutralization of @ and R waves n two of the three classicd
leads wath resulting 1soelectric onset of the QRS waves yn the other lead thus
apparently prolonging the P R interval This happens most commonly when
a short Q or R 1 Lead 1 1s exactly equal 1n amphtude and duration to2
short R or Q 1n Lead 3 the P R interval 1n I cad 2 1s then abnormally Pg’;
Jonged by 002 or 0 03 second 1o mclude the 1soclectric onset of ORS
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stherwsse 0, may npeutralize O to prolong P R; or (3 may neutralize 0
to prolong P Ry In occastonal cases this error 1s chimcally important when a
P R mterval of 0 19 or 020 second 1s read as 022 second Hence careful
scrutiny for this possible error 1s always essentral A factor less important,
which may erroneously shorten the P-R wterval or neutralize the other effect.
s an 1soelectnic begnming of the P wave

Lengthened P R interval 1f the P R mterval 1s over 0 21 second atno-
ventricular block 1s said to be present Only very rarely 1s a P R mterval
found to measure normally over 020 second but mn a few normal adults 1t
bas apparently even reached 022 second The greater part of the P R time
uterval 15 consumed 1 the passage of the excitation wave through the atrio-
ventricular node and the atnionodal junction just above 1t (see Chapter 34)
The causes of prol of the P R interval are active theu
matic myocarditis coronary heart disease and digitalis intoxication

Shortened P R interval The P R interval may frequently appear shortened
when the atnia and ventncles are beating independently as m complete heart
block rectprocal rhythm or ventneular escape and in many mstances of the
ventricular premature beat In such cases 1t 15 better to speak of the mtervals
between the P waves and the R waves rather than of the P R mterval as such
True shortening of the P R mterval is found 1n atrioventricular nodal rhythm
when the P wave almost always mnverted falls just before just after or with
e R ware and mn that vanation of normal rhythm which consists of wide
ORS waves with shortened P R mtervals (of 01 second or less) n healthy
young persons prone to paroxysmal tachycardia (Wolff Parkmson and
White 1930) (see Figure 168 page 953 and Chapter 34)

THE FIRST VENTRICULAR DEFLECTION OR QRS WAVE

The normal QRS wave The QRS wave the first ventricular deflection of
the electmcardxogram and sometumes called for short the R wave 15 1n Lead 2
asharp spike ltke monophasic diphasic or triphasic complex with little or
10 toutral downward projection known as the @ wave a high upward projec
ton known as the R wave and a vanable usually shight to moderate down
%ard projection called the § wave (Figures 40 42 43 and 44) Together
all components of the QRS complex should measure not over 01 second
Guration Thys first ventnicular complex (ORS wave) represents the rapid
lvation of the entire ventricular myocardium by the excitation wave as it

aves the end branches (called the Purkmje fibers) of the special mtra
Ventriculap conducting mechanism below the bundle of His The terms dextro-
#ram ang ]evosram have been applied to records representing i experumental
ammals the prmary spread of the excitation wave through nght and Jeft
Venteicleg respectively the addition of dextrogram and levogram results mn the
fecord obtamed from both ventncles simultaneously For the sake of con
\;m:nce and umiformuty 1t has been agreed generally to call the first upward

eflection of the QRS wave the R phase or wave any downward deflection
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preceding the R the @ wave any downward deflection following the R the §
wave and a second upward deflectton following the S the R wave, if there s
but one deflection downwardly directed 1t 1s labeled the QS wave (Commtiet
of Electrocardiographic Nomenclature American Heart Association 1943)
So far as time relations are concerned the Q of Lead 3 may comaide Wit
the R of Lead 1 and the R of Lead 1 with the § of Lead 3 the nomenclatur
15 not concerned with tume relations but rather with direction above or below
the baseline

The Q part of the QRS complex 1n Lead 2 1s usually absent or at most
but a short pomnt projecting 1 or 2 mm below the baseline except in the cast
of infants and young children when 1t may form a more appreciable patt o
the whole QRS complex being as great as 3 or 4 mm 1n amphtude The R
wave m Lead 2 1n the normal adult vanes from 5 to 35 mm m amphitude
and m infants from 5 to 10 mm It 1s sharp rarely shghtly notched of sturred
on upstroke downstroke or peak It may be the only part of the QRS complet
present The § wave 1s usually but a shght sharp downstroke of 1 10 3 mm
immediately succeeding the R wave m fact continuous with it, 1t 1 fre
quently absent

In Leads I and 3 the QRS waves have normally less amphtude than m Lead
2 When the R or S wave occurs alone 1t 1s probable that exther the other com
ponents are fused with 1t or they may be 1scelectnc and therefore mvisible
1 one or another lead thus resulting 1 an erroneous measurement of fhe
QRS duration A narrow QRS wave with 1soelectric onset endmg or both 1
most commonly found n Lead 2 where its apparent duration may 12 e
cases measure only half that of QRS; or QRS, an important error especnllly
mn the presence of bundle branch block which may be clearly evident 1t Leads
1and 3 Thus all three leads must be carefully scrutmized not only t0 deter
mune the correct measurement of the P R interval but also to learn the
QRS duratton the widest QRS wave 1n any one of the three classical Jeads 15
the correct one and so as a rule, 1 the shortest P R mterval Frequently !
Lead 3 but rarely in Lead 1 the phase of the QRS wave with the great
amphtude 1s normaily directed downward whether @ or §

In the umpolar linb leads (Figures 42 43 and 44 pages 190 191 192
the QRS wave 15 normally inverted 1n Lead aVR with deep O and small R
usually upright but sometimes mverted (if the heart 1s very vertical) m Lex
aVL and rarely normally mverted that 1s with @ wave 11 Lead aV
there may be very small R and § waves 1t Lead aVF if the heart Lies hort
zontally

In the stx wmipolar precordial leads (Vy to Vg inclusne) the ORS "‘"‘";
normally diphasic wath short R and deep S 1n the first two leads and 121 "
and short § 1n the last two leads with R and S of intermediate amplitudes !
Leads V; and V, 1n other words the R wase increases and the S wane ;‘
creases as one moves from night to left (see Figures 42 43 and 44 pages ]91
191 192) It1s to be noted that 1n the precordial leads the peak of the R wav
marks the ttme of arrval of the ntansic excitation wave at the muscle undit
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Iying the particuiar exploning electrode mnvolved the larger the ventricle the
fater and the gher the peak while the S ware usually reflects the activity of
the opposite ventricle ( waves normally are absent or smafl Hence since the
feft ventncle 15 normally preponderant m size the S waves are larger over the
nght ventncle (that 1s 1 the night precordial leads) and the R waves are
farger over the left precordial leads However the position of the heart enters
nand may cavse on a very conf picture esp y of we take
wio sccount rotation of the heart around each of 1ts three axes (Goldberger
1947) The effects of these variations of posmon added to the effects of
diseass processes and of vanons physiofogic and toxic states compnise an
extremely comphicated muscellany that will require much research completely
10 eluesdate

Abnormalities of the QRS wave The precordial feads may show the state of
dfferent pants of the heart 1n patticular of the nght and Lft ventncles better
that do the timb Jeads since they refiect in the mmn what 1s directly beneath
* m Thusaf the nght ventricle 1s enlarged there 1s a defay in the appearance of
the mtonsic deflection represemted by the peak of the R wave mn Leads V
and V; overlying the nght ventncle and along with this delay frequently an
rcrease n amphtode also If there 15 nght bundle branch block the mtnsic
4 fiction 1 suil further defayed 1n those feads resulting 1o a wide bifid or
\l shaped complex Also f the right ventnicle s enlarged there tends to be
alarge § wave 1n the left precordial leads over the left ventncle that s m
Leads v ang Vg Either Lead V4 or V415 often a transitional point sometimes
dr <tly aver the 1nter 1eular suleus and over esther ventncle
and at ight angles to the spatial axis as such erther one 1s commonly used
Wentifying the anteropostenior plane i vectorcardiography (see page 202)
I obscure cases x ray examination and the bmb leads can help a good deal

I the Teft ventricle 15 enlarged the QRS waves i Leads V, and V, are
alered accordingly with delay in appearance of the peak of the R wave
{intongie deflection) higher amplitude of the R wave and mLeads V and V.
&2t the rght ventncle increased § waves Here agam displacement or rota
ton of the heart to the nght gives much more evidence of the left ventricle
in the precordinl Jeads than usual and may be misleading In left bundle
branch bigek there 1s a much delayed mtnmsic deflection peak n Leads V
34y often grving an M shape

e enlfatpement of the heart that affects the precordal GRS wave espe

cually 15 that dug to hvpertrophy difatation also has an effect on the duration
of the gRg wave but manifests stself more on the § T segment and T wave
because of the abnormal mvocardiat condition

Tt s atso 1mportant to note that normally the bigger the heart the wider
the ORS wave without the need of postulating any abnormal delav i 1v
conduction Thas the human mfant s QRS wave 1s but 0 05 second wide nor
;"‘"Y the human adult s 10 second while the normal aduit elephant s QRS
a;w 15 020 second 1 durahon (Figure 54) 1t would seem hikely that the

ult whale s QRS wave should be 04 second wide Thus hypertrophy aloneﬂ
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undoubtedly gives nise to shightly increased QRS duration even up to 01
second without bundle branch block per se

Absence of the R wasve leaving only a @S complex 15 an important residuz
effect of a myocardial infarct underlymg the particular precordial lead con
cerned This finding when present 1s a sigmficant clue differentiatine mo
cardial infarction from other conditions that may produce abnormal precordia
T waves

T
.h!l%r:hg!l%mﬁ#gf

FIG 54  (A) Electrocardiogram (Lead 2) of a normal newborn infant BB showirt
the very short time intervals PR QRS and 0 T (B) Electrocardiogram of a rol
middle aged elephant M showing the very wide time relations a function of the sue
of the elephant s heart In contrast {0 the time intervals of the nfant s electrocardiogram
The speed of the film 1s the same 1n both (4) and (B)
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An important observation that should be added concerns the amphtude of
the QRS wave mn the precordial leads Of equal impartance with actual ven
tocular size 15 closeness of the lead to the heart Thus a thin chest wall “1‘:
result 1n greater amplitude while a thick (e g obese) chest wall or flurd wil
decrease the amphitude

In the wmpolar limb leads position of the heart 1s particularly reflected 5t
the QRS waves as well as 15 heart disease In general a deep S wave 10 L
aVR goes with left ventricular preponderance and a horizontal heart position
while a high R wave in Lead aVF goes with left ventnicular preponderan®
and a vertical heart position a Q wave 1s normally encountered but rarely 1
Lead aVF and an absence of R wave means a serious myocardial defect (an
electrical hole facing the lead pamnt usually due to infarction)

Finally 1 the old classical bipolar hmb lends despite the concentration
of mterest 1 these leads 1 eatlier editions of this book Lttle can really
said abeut abnormalities of the QRS waves because of the wide range © o
normal and the striking effect of varying posmons of the heart Thus 1
great bulk of instances of 50 called night and left axis deviations 15 of phsi®
logic interest only assoctated primartly with heart position although ‘h“:
are cases of course, of extreme degree of really sigmficant axis devianon 3
1 the case of the tetralogy of Fallot or of the atrial septal defect Also dtCP(s
waves tn Lead 1 are abnormal usually sigmifying anterior my ocardial ml'arcer
and especially prominent @ waves in Leads 2 and 3 generally mean PC‘S“"S"
myocardial infarcts And of course QRS waves over 0 12 second wide mi‘
bundle branch block but 1t 1s not always so ensy as we used to thinh 10 o
night from left branch blocks in these leads alone There are l:‘(cep(wms‘ e
are properly revealed only m the precordial leads which should alwav

the
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taken anyway 1n cases with widened QRS waves As a rule 1t 15 true that
wide upright QRS waves 1n Lead 1 and wide mnverted QRS waves 1n Lead 3
mean left bundle branch block the reverse being true for nght bundle branch
block The last chapter 1n the book will have more to say about this

The term low voltage has been apphed to the QRS wave m particular when
1t has extremely small amphtude either above or below the baselne At one
tme Smm thatis 0 05 mv was arbitranly selected as the borderline of normal
Inasmuch however as normal individuals have shown amphtudes exther above
or below the baseline of the imb leads of 4 to S mm (04 to 05 mv) 1t 1s
better to restrict the term  low voltage to amplitudes of the QRS wave of 3
mm (03 mv) or less especially «f the low voltage involves the T and P waves
too Such low voltage has been noted 1n several conditions in particular n
cases of diffuse myocardial disease due to coronary atherosclerosis or other
¢ause extensive pertcarditis acute or chromc and rare factors as yet unex
plamed In such cases the precordtal leads generally show fair amphtude of
the QRS waves but in a few mstances they too may be much reduced and
whenthey are the causative abnormal conditions are usually of greater degree
The voltage however of the QRS waves in the precordal leads 1s affected
abo by distance of the electrode from the heart Thus an extensively fat chest
wall or much fluid or air interposed between the heart and chest wall are
factors that reduce the precordial QRS voltage

Alternation of the amplitude of the QRS waves without other change (that
i wathout alternating change of shape or of time interval) 1s exceedingly
fare T have seldom encountered 1t in the past 30 years A few years ago two
Cases were reported the first case bemg the only one found m a seres
of approximately 10 000 electrocardiograms taken over a period of 13 years
(Hamburger Ratz and Saphir 1936) the prognosis 1s apparently bad as
nthe ca e of the ordmary pulsus alternans On the other hand alternation
of the artersal pulse 15 common and 1s attended i only the rarest cases by
:Icl‘lmcardlographlc alternation erther of QRS waves or T waves or both

THE § T SEGMENT

Immeduately following the onset of systole that 1s after the QRS wave
there 15 usually 1n the normal subject a short 1scelectric interval showmg itself
:}!:Clmcardlographlcaﬂy as the § T segment following, the § 7" junction Both

© segment between the § and the T waves and that of the T wave 1tself are
sy susceptible to modifying mfluences physiologic effects  structurat
hanges anovia and myocardial nfection and poisoning which may produce
:flimgcs of shape and amplitude The S T segment and the T wave represent
s“"Pl)’ bhases of the same electric process ~epolanzation dumng cardiac
stole The § T Junction and § T segment may be normally slightly elevated
P10 I mm 10 hmb leads and to 2 mm m precordial Jeads
mChanges in the S T segment There are frequent changes m the § T seg =~

ents which accompany abnormalities of the T waves themselves but which
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actually may be more important in the information they yreld about the syo-
cardium they arc as a rule temporary however subsiding when touc fle
ences and currents of mjury subside The most common and most strkin®
S T segment abnormalities are those assoctated with digitalis intoxication and
with myocardial infarction and 1schemia (most commonly from coronary
disease rarely from trauma or a state of vascular shock or anoxa) aqut
pericarditis with its associated subpenicardial myocardal involvement m3y
elevat, the § T segments appreciably especially in Leads 1 and 2 and i the
precordial Jeads mvolved With tull digitalization the S 7' segment of Leads
1 2 and 3 and of the muluple precordual leads 1s considerably depres e
and 1s said to sag  dropping sometimes several millimeters below the bast
hne so that the T may anse very low and be diphasie or  extreme casss
totally mverted (see Chapter 30) This digitalis effect 1s 1 contradzstinction
to the findings in acute myocardial mfarction and 1schema when the 5T
segments are depressed or raised from the baselines 1 the opposite direction
to the T wave changes that 1s early in the anterior wall type of mfarction
the § T segment 1s elevated 1 Leads 1 V, and V and depressed m Lead 3
and vice versa n postertor wall mfarction type these changes are transient
persisting as a rule but a few hours or days (see Chapter 21) The § T 5§
ment tends to be markedly elevated 1n the multiple precordral leads over the
region of the fresh anterior mfarct while it may be considerably depresse
m cases of acute posterior infarction (see Chapter 21) Also mjury at the
endocardial surface of the Ieft ventricle may cause depresston of the
segments 1n the precordial leads over the Jeft ventricle 1n contrast {0 the
effect of the more usual subpencardal lesions In the case of large chron¢
myocardial infarcts usually associated with cardiac aneurysms the S T seg
ments may be permanently displaced (e g elevated in Leads 1 Vi and Vs
1n the case of large antertor aneurysms}

Infectious changes other toxic porsoning of the myocardium and hypst
ventilatton may sometimes affect the S 7 segment but rarely s much 35
does acute infarction or digitabization hypothyroidism has but little effect 00
the § T segment while flattening out the T waves In some cases of Jeft ven
tricular enlargement (or strain) there 1s a shght depression of the § T segment
1n Lead 1 even when there 15 no left axis deviation (Barmes 1940) In fact
1tis now well recognized that S T segment depresston in Lead 1 and 12 Leads
Vand V 1s more characteristic of the effects of strain on the left yentricle
than 1s left axis deviation this stmulates the effect of anoxta 1n acute coromy
sufficiency

THE SECOND VENTRICULAR COMPLEX OR T WAVE

The normal 7" wave The T wave or second ventricular wave of the pormal
electrocardiogram 1s it Lead 2 a blunt rounded upnght deflectton following
the § T segment beginning gradually from the 1soelectric baseline a short
vanable distance about 0 05 to 0 15 second after the end of the QRS W'
nsing to a height of 2 to 10 mm usually 3 or 4 and sloping somewhat more
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sharply downward to the baseline agamn to end about 025 to 030 second
after the end of the normal QRS wave (Figures 42 43 and 44) The duration
or width of the T wave thus vanes greatly from about 0 10 to 0 25 second
It falls during ventricular systole ending with the end of systole and the occur-
rence of the second heart sound It has been variously explained probably
best as the repolanization (recharging) of the myocardium as contrasted with
the depolanzation (electric discharge) of the myocardium represented by the
QRS wave The T waves 1 Leads 1 and 3 are normally of less amplitude as
arule than the T wave T 1s low (about 1 or 2 mm) but almost invanably
upnght normally while T also of low amplitude may be normally upnight
fiat, or even wnverted The T waves 1n the umpolar hmb leads vary from nor
mally imverted n aVR to upnght or 1nverted 1n aVL and aVF depending on
the position of the heart tending to be nverted 1 aVL and upnght m aVF
m the case of a verucal heart and upright m aVL and low but not mnverted
maVF i the case of a honizontal heart The T wave mn precordial Leads V,
fo Ve mclusive 1s almost always upright (about 3 to 6 mm) 1n the normal
adult but 1n the young child 1t may be inverted normally The I’ waves vary
from very low flat or mverted in V, with increasing amplitude to hugh (5 to
10mm) 18 V, and V; to lower levels in V and V,, they should not normally
be mverted 1n the adult except i V, and V.

Physiologic varanions of the T ware As stated above the T waves mn Lead
3normzlly vary widely from upright to mverted depending n large part on
Position of the heart as affected by the height of the diaphragm 1n opposite
Phases of respiration and 1n opposite body bwilds thus n full nspiration and
10 the case of a vertical heart the 7' waves m Lead 3 tend to be upnight 1n
direction with a swing of the electne (and anatomic) axis toward the nght
while 1n fulf expiration and n the case of a horizontal heart the T waves in
Lead 3 tend to be mverted with a swing of the axis toward the left (see Figure
4 page 33)

Until recent years however flattening or inversion of the T waves in

ds 1 2 and V, to Vg 1n the adult has been attnibuted to actual heart dis
®ase In Leads 1 and V, and V such a surmise 1s almost nvarnably correct
50 fat as we yet know with very rare exceptions due to the same factors
Mamely heqrt posttion and autonomic nerve influences which can be respon
SIbl 1 the case of the far more numerous exceptions found 1n Lead 2

O ly fl or even of the T waves i Lead
2may be o positional effect n normal 1ndividuals 1n such cases a vertical
Reart posttion 1n a long thorax with tendency to nght axis d 15 ded
i the situng or standing position by notched diphasic or mverted T waves
hich assume the usual normal upright appearance in the recumbent position
O on deep expiration (with or without much of any change 1n axis deviation
f; the QRS waves on changing position rotation of the heart probably playmsg
h: important rcle) It 15 important to recognze this normal vaniation which

s frequently 1n the past been attnibuted to myocardial disease (see Figures

lgand 6 page 34 and page 35) (White Chamberlam and Graybuel

41) In very rare cases even Ty may be normally mverted when the heart 15
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unusually placed verucally with the T in aVL deeper than 1n aVR ot hor
zontally with marked clockwise rotation

In addition to the effect of position autonomuc nerve mpulses may aflest
the T waves mn Lead 2 Sympathetic stmulation as during exercise and from
fear or adrenaline and vagal mhibi as from atropine lower the T wayes
even to the point of imversion (Figure 55) (Hartwell et al 1942), whie

"

F1G 55 Changes in the T waves of the electrocardiogram resultng from the 3007
of certain drugs In particular ergotatnine atropine and adrenalme and of cif“
(during and after) Note the increase tn the T waves by vagus stimulatron a¢ eviges " o
by (1) the action of ergotamme and (2) the after-effect of excreise and the ‘dcprf“ “
of the T waves as the result of nerve L or prep rectly
evidenced by the effect of (3) atropine (4) adrenaline and (5) cxercise aself du
All tracings are of Lead 2 (A) control record (B) records at height of eflect el
shows maximal adrenaline effect—drug grven mtravenously (Hartwell Burrett Gra)
and Whtte J Clin Investigation 1942 XX1 407}
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vagal stmulation as from ergotamine and after exercise raises the T waves
{Figure 55)

Abnormalities of the T wave Increase in amplitude of the T wave The
end of the T wave of Lead 1 tends to become tigher in cases of posterior
myocardial infarction due to coronary thrombosts 1n contrast to late mversion
of the T wave 1n Lead 3 while the reserse 1s true that 1s there 1s 2 late 1n
creased elevation of T, when there 1s late inversion of T; i the cases of
anterior wall nfarction In the old Lead 4 and i the multtple precordial
leads over the left ventnicle V, V. and V, the T may remain unchanged or
become hugher than normal 1n the posterior wall infarction 1t 1s almost always
considerably tnverted t the antertor wall nfarction {see Chapter 21) espe
cilly n chest Leads V, V and Vs In cases of lateral wall nfarction 1 may be
taverted 1n Lead V, only

In the electrocard ograms of premature beats marked axis deviation and
bundle branch block the § 7 segment and T wave are usually widely deviated
from the baselme 1n the opposite direction from that of the abrormal QRS
wave thus giving sometimes very high T waves A similar opposite direction
of T'wave from QRS wave 1n Leads 1 and 3 helps to separate the marked axis
deviation due to pathologic cardiac d from left axs d of lesser
deeree which may be due to change 1n position of the heart (when the T wave
tends to take the same direction from the baseline as does the QRS wave)
Thyrotoxicosts sometimes stated to show a 7 wave increase 13 as a matter
of fact generally without appreciable effect or has an opposite effect even

10 flatten or 1nvert the T wave doubtless due to the syfpathetic oversumula
tion

Decrease n amplitude and inversion of the T wave Decrease m amplhitude
of the T waves from the normal and their inversion 1n disease are found under
several conditions Yn Lead 2 d m amplitude 15 freq; present 1
marked Teft or right axis deviation or even m nght or left bundle branch
black along with 2 diphasic character of the QRS wave due to the neutraliz
g effect of Leads 1 and 3 on each other In general however flattening and
mersion of the T waves 1 the three classical leads are most commonly the
Tesult of digitalis action of myocardial 1schemma or infarction from coronary
disease of acute pericarditis or chromic constrictive penicarditis of nfectious
Myocardial mvolvement and of hypothyroidism (myxedema or cretinism)

<Te are diffetences between the effects of these five chmcal conditions In
the multiple precordial leads the 7' waves vary according to the part of the heart
affected byt are mfluenced hike the mb leads by general factors such as
igtalys myocarditis and myxedema

i Digitalization usually causes a decrease leading to flattening or even n
SXtreme cases to deep nversion of the T wave following a sagging of the § T
Sgment (see Figure 158 page 897 and Chapter 30)

e T wave of myocardial 1scherma or mfarction due to coronary dis
ease or sufficiency tends to be flattened or inverted 1n Lead 2 but vares 1n
the other Jeads according to the - ~F #hr mamre - -t
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change It s at first shghtly elevated along with the § T segment, 1 Lead !
with or without very shght late inversion (Pardee s sign Pardee 1920) dur
mng the most acute stage of antenor wall type of myocardzal mfarction (die
probably toa current of injury at the left ventnicular apex) but 1t becomes
usually sharply inverted after a few days remamnng inverted for weeks
months or years When there 1s chrome coronary insuffictency with or with
out actual old infarction mvolving a large area of the left ventnck t‘o\md
the apex the T waves 1n Leads 1 and V, and V; are usually flattened or 1
verted m their termimnal portions In cases of anterior wall myocardal far.
tion or left ventricular basal ischema the same statements Just made concert-
ing 7 apply to the 7 waves m Lead 3 mstead In the multiple precordial kads
the T waves are unchanged or heightened 1n the case of the postenior wall

f: or left basal 1sch and f1 d or nverted (often deeply s0)
over the Jeft ventricle 1n the case of antenor mfarction or left apical 1schemia
When there are mulple areas of mfarction or ischemia there are melupl
effects on the electrocardiogram which are often confusing perhaps the
stmplest combiation 1s inversion of the T' waves 1n Leads 1 2 and 3 vith
diphaste T waves 1n the precordral leads over the left ventricle when there are
comparable infarcts at both apex and base (see Chapter 21)

In the multiple precordial leads mversion of the T waves over the nght side
of the precordium and not over the left indicate enlargement of or damage ©
the nght ventricle or infarction of the intenventricular septum  wlule 1version
of the T waves over the extreme left side of the precordium mdicate mfarction
or other damage of the lateral wall of the Jeft ventricle

3 Wit pericarditis especially when there 1s acute or chromic constrcton
of the heart and great vessels the T waves tend to become flattened or more
often 1inverted 1n all leads after temporary elevation of the § T segments
but especially n Leads 1 and 2 for some days 1n the early stages {see Chapter
27)

4 With serious infecttons there are occasionally observed changes in ™
T waves of d i ampl flattening or 1mversion 1 both
Lmb leads and muluple precordial leads similar to those just recounted
as sometimes occurning 1n perrcarditis  these changes are due to acute myo-
cardial mvolvement and are particularly hkely to occur i rheumatic fever
diphthena and p and 1 virus diseases The same effects
are due rarely to nonmfectious poisons (other than digitalis which has been
mentioned above} as from tobacco (see Chapter 23)

5 The T wases of hypothyrordism are very Jow absolutely flat (most oM
monly) or even 1nverted 1n all leads they resume a normal amphtude after
thyroid therapy (see Chapter 18)

There are other rare mstances of depression or inverston of the T ““‘;‘
of uncertan or unknown nature and even an individual who s ﬂPP‘"‘mr)(
normal may temporanly show this finding due as a rule to unusual h‘;’m
position or nerve influence (sce Figures 5 page 34 and 55 page 218
example)
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The T wave 1s frequently diphasic but rarely notched Its diphasie char-
acter results often from the mverted nature of the § T segment which merges
into the shightly upright T wave as 1n digitalis action occasionally the diphasic
sequence 1s the reverse first upright then mnverted as m cases of cardrac 1n
farction A late notch or dip 1n 1 Jow I wave m Lead 2 suggests the effect of
heart position 1n an otherwise normal person m the situng position 1n such a
case a further electrocardiogram should be taken with the subject recumbent
or m full expiration to correct the effect of the heart s unusual angle or rotation

Alternation of the T waves mn amplitude alone like alternation of the QRS
Waves 1s very rare it may accompany alternation of the artenal pulse as a
SEnous sign

THE Q T DURATION

The time interval from the onset of the QRS wave to the end of the T
“ave can be taken to measure quite accurately the duration of ventricular
systole when the deflections are clearly marked so that the end pomts are
teadily seen With good technic this so-called @ T duration of the electrocar
diogram 15 the best measure we possess for the length of systole With clear
curves by the Lucas p gives an error under 0 01 sec
ond The Q T duration (duration of systole) varies primanly with the heart
Tate being shorter with faster rates and longer with slower rates about 0 35
second at a heart rate of 75 025 second at a rate of 120 and 045 second
atarate of 45 The @ T durahon vanes abnormally only 1n some cases with
bigh grade atrioventricular and mtraventricular block 1 ventrcular pre-
Mature beats 1n hypocal and hypop and with marked enlarge
ment (especially dilatation) of the heart n which conditions 1t 1s longer than
the outer lumt of the normal in heart fallure a prolonged ¢ T duration
{systole) 15 shortened by an adequate digitalis effect With respect to heart
SZ¢ 1t 15 of considerable 1nterest that the duration of systole (the O T dura
on) of the elephant s heart 15 relative to heart rate much longer than that
of the human heart (White Jenks and Benmedict 1938) (Figure 54 page
214) and one might justly prophesy that the whale s Q T duration like other
time sntervals would be sumlarly relatively prolonged

THE U WAVE

Occasmnally m Leads 1 and 2 and frequently 1n the precordial leads there
Occurg normally a shght upright deflection a small wave usually kss than

mm high but Tugher drately foll g the T wave and
therefore appeanng 1n early diastole (Figures 40 42 44 and 53) This is
called the 7 wave Its significance 1s unknown but it 1s probably representative
of some duastohic electric process 1n the myocardium stnce 1t 1s more evident
alter a high or deep T wave than at other times and since 1t tends to be
Verted when the T wave 1s inverted The U wave 1s apparently of httle chnical
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1mportance except that 1t may be abnormally mverted when the T wave s
upright and that 1t may be confused with the 2 wave or more commonly with
the end of the T wave sn which latter case 1t may be wrongly interpreted asa
notehing of the T such an error can be avoided by a measurement of the
expected O T mterval at the heart rate recorded

Sertal electrocardiograms In closing this chapter T would like to emphasize
the great importance of serial electrocardiography Repeated records are often
essential for the diagnosts of such acute conditions as myocardsal mfarcuion.
acute perrcarditss and the acute cor pulmonale Annual monthly weekly
datly or even hourly records may reveal much more than any single electso-
cardiogram  Also every young person while in good health should have 2
foutins electrocardiogram taken for future reference just as he or she shodd
also have a chest x ray film
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CHAPTER IO

OTHER METHODS OF EXAMINATION

INTRODUCTION

The patient s lustory physical examination electrocardiogram and roentsed
ray study have been d d n the earlier chag of this book and haw
been roughly apprarsed i value as parts of the complete cliical exammnation
an the order of about 45 25 15 and 10 per cent respectinely These percenta®ts
add up to 95 leaving the rematning 5 per cent to be divided up among all the
other methods of examination which mclude the techme of cardac cathetenz
tion and the testing of blood unne strength and endurance vital capactty aed
other respiratory functions blood flow circulation rate and work of the
heart and of the pulse Vanous other tests of less immediate or routine cardio-
vascular importance such as the basal metabolic rate and sputum and gastro

1 are not mncluded 1n this chapter but are referred ©
later 1n approprmiate chapters Any one of these methods of examnation M3)
however uncover a wital clue, and so they must all be borne 1 mund and
turned to at once 1n case of need Many of the additional tests such 25
ball d hy the d of which has been transferred to 2 MO
appropriate chapter (Chapter 8) are of much academic terest and worthv
of use 11 special investigations a few may some day assume pmcncal e
portance in chmcal medicine related to the heart and great vessels Asa whole
however at the present time the methods discussed n this chapter are 1
frequently of prime importance n cardiovascular diagnosis although they

may be luable :n the of special
CARDIAC CATHETERIZATION
F W “Die d des rechten Herzens ( Sounding the Richt
Heart™) Alin Wchnschr 1928 VIII 2085+
# Shortly afier the publ ation of this paper Dr Forssmanns attention was called b’u;‘
carlier publicatton on cathetenzation of arm vems 1 the human for the purpose of "‘;,
(Blechroder Ungei and Locb  Intraartenelle Therape™ B [ Aln $achr 191 ‘d’m“

ever this eart er work apparently did not mclude catheterizat on of the heart per s¢ 31
followed up by further research or apphication
226
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Following the successful investigations 1n the cadaver I undertook the first
study i hrving man in the form of a research on mysclf Next I arranged ta & pre
Iminary test to have my night elbow ven punctured with a thick needle by a
colleague Who kindly placed himself at my disposition for this purpose I ntro-
duced then as 1n the case of the rescarches on the cadaver a well otled ureteral
catheter of 4 Charreres thickness through a cannula 1nto the vem The catheter
allowed atself 1o be ntroduced very eastly to a length of 35 cm Since goin, fucther
seemed too dangerous to the colleague we stopped the mvestigation at that pomnt
even though I myself felt quite well After a week I undertook a further nvestiga
fion alone Since a puncture of the vemn with a thick needle on my own bodv was
techmically too difficult I made under Iocal anesthesta a venesection 1n my left
elbow and introduced the catheter without any resistance m 1ts whole extent of
65 em This length appeared to me after measuring the sucface of the body to
#ree with the distance from the left elbow 1o the heart On ntroduction of the
catheter T had during the procedure merely a feehng of slight warmth 18 the
wall of the vein similar to the semsation after mtravenous mjection of calclum
chlonde On backward movement the catheter touched the upper and Jower wall
of the subclavian vemn I then felt an especiallv intensive warmth behind the collar
bone undur the isertion of the d 1 3 b
through the stimulation of the vagus branches I felt a shight tendency to cough

The position of the catheter 1 confirmed n a Rontgen photograph and observed
the shadaw of the catheter itself by means of a murror held by a sister before the
Buoroscopic screen  (Translation by myself )

Thus 1n 1929 Forssman successfully catheterized hus own heart by way of an
amven Considered a bold and dangerous procedure at first 1t has m the last
Tew years become a commonplace though sull a delicate method of study of
the night heart chambers and pulmonary artertal curculation particularly 1n
congental card lur disease and 1n of the pul v blood
Pressure a longfelt want now at last realized (Figure 56) It 1s very im
Portant wherever cardiac catheterization 1s carmed out to establish a well
‘raned team of workers to ensure proper technic and adequate recording
Sich a team usefully includes cardiclogist roentgenologist cardiovascular
Surgeon and physiologic technician It 1s well to record the blood pressure 1n
the supenior vena cava 1n the nght atnum 1n the nght ventricle and 1n the
Pulmonaxy artery and its mamn branches by Hamilton manometer or by the
"ewly introduced electromanometer (see Chapter 6) Samples of blood for

Stermination of oxygen content are taken similarly from these various sources
1o determine ¢ possible the entrance of oxygenated blood through atrial
septal defect ventrcular septal defect or patent ductus arterosus (see Chap
ter 13) The course of the specally modified ureteral catheter 100 to 125 em
I length can be followed fluoroscopically as 1t passes from one chamber to
another or 1y abnormal hearts into left atrum or aorta and x ray films can
“ecasionally be taken It 15 possible also to use such a catheter to explore

2, ForsSmann mentionied the fact that Chruseller and Essner had wsed Ung ts artera
thory % AMal experimentation Forssmann refers to th se two earlier communicat ons 1 ¢
Hement un the Kim Wcka chr 199 VUL 787
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Flo 56 X ray films of thoraces with catheter 1n heart (4) Normal heart Cathe!
1s seen entering the nght atrium from the superior vena cava and 1ts bip can be not:
in the night pulmonary artery (B) Atnal septal defect with pulmonary stenos* 1{
catheter 1s seen to pass from the right atrium through the scptal defect to the left llrlu:
and 1nto & nght pulmonary venn Note the lower position of the pulmonary e
contrast 1o that of the artery
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the coronary hepatic and renal vems and determme blood gases to study local
organ metabolism Finally 1t 1s possible by the insertion of a spectal wire and
electrode through the catheter to obtawn right intra atrtal and ntraventncular
electrocardiograms which as yet have been largely of academic interest (see
Chapter 9)

In normal mdividuals the blood pressure 1n the superior vena cava has beet
found to be about 3 mm Hg i the night atrum 0 1n the mght ventrcle 20

to 30 mm systolic and 0 drastolic and 1n the pul y artery 20 to 30 mm
systolic and 5 to 10 mm diastolic With the catheter ttp as far as possible 11
the pul y vessels an Iy caprllary oxygen reading can be secured.

The oxygen content of blood samples taken from the superior vena cav
and nght atrium may vary considerably since the venous blood from varous
sources has not yet been well mixed For example a sample taken near the
coronary stnus may have an oxygen content as low as 3 or 4 volumes per cent
Mixing 15 more complete 1 the might ventricle ard pulmonary artery whett
the oxygen content usually measures between 10 and 14 volumes per cent

Under abnormal conditions with congemtal septal ~efects and patent ductus
arteriosus there are 1creased blood oxygen contents 1n the right atnium nght
ventricle and pulmonary artery according to the position of the Jeft nght
shunt pul 'y vascular I and certain heart conditions may
elevate the pressure teadings even to levels as high as three or four imes
the normal

TESTS INVOLVING THE USE OF RADIOACTIVE ISOTOPES

Cutting across various special fields of internal medicine and apphcable
to a vartety of tests 1n such ficlds has been the introduction of radioacth®
1sotopes 11 the years that have followed World War II Even 1n therapy abo
this newly acquired knowledge has played a role, particularly n the form of
wrradiated 1odine to reduce the activity of the abnormal thyrod gland 1
thyrotoxicosis or of the normal thyroid 1n combating intractable apend
pectonis or congestive farlure (a  medtcal thyrodectomy ) But radioactn®
1sotopes have played a role much more prommently 1n diagnosts and 1¢
search than 1 therapy i cardiovascular disease In 1942 Hubbard et at
used radioactive sodium to determine the velocity of blood flow 1 1nfants
and young children This has been followed up smce by Prnzmetal et at
(1949) who have apphied the method to adults In 1945 Nyln reported the
determmation of the arculating blood volume by the application of the M:
method worked out by Hevesy wherein blood corpuscles were tagged 1
radioactive phosphorus and the time of equilibrium of therr ditution cunes
established by the use of the Geiger counter In normal cases the crculating
blood corpuscles averaged 33 4 gm per kilogram of body weight while 18
heart failure there was a considerable mcrease with return to normal figures
when the failure cleared 1n one case there was a drop of 28 per cent v\?;l“;‘
congestion disappeared Using the same techmic Nyhn (1947 1948) b
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studied the corpuscular and total blood volume in vanous organs ncluding
the lungs and the heart he found for example that 17 per cent of the total
arculating blood volume was to be found 1n one lung and 13 6 per cent 1n
the lower hmbs Dow et al (1946) and Gibson et al (1946) used radio-
actne 1otopes of ron sumilarly to measure the circulating red cell volume
Prinzmetal et al (1947) studied the collateral circulation of the normal
human heart by coronary perfuston with radioactive erythrocytes and glass
spheres and later (1949) used a specrally constructed ink-wntmng Geiger
Mueller counter to record the passage of radioactive blood through the heart
chambers which they called radiocardiography Burch etal (1947) have
used radioactive sodium to study congestne heart failure and Smuth and
Qumby (1947) Elln et al (1948) and Wnght et al (1948) have used
rdioactive sodmm to study the peripheral circulation

EXAMINATION OF THE BLOOD

Blood examination affords a wealth of data concering its various con-
stituents and properties which are sometimes of much value m the study of a
Patient wath cardrovascular disease

Hemog] Usually the h lobin m cardiac patients 1s within norraal
lmits 80 to 90 per cent by vanous methods (13 to 15 gm per 100 cc of
blood) Shight anemia down to 70 or even 60 per cent hemoglobin may occur
insevere or long-continued acute rheumatic heart disease Moderate to severe
2nemia down to 55 or even 40 per cent hemoglobin 15 sometimes present
subacute bacterial endocarditis although slighter grades are more common
The discovery of a low hemoglobm content due to hypochromic anemia of
Toncardiac ongin or to pnmary permcious ancmta may prove helpful m
xplainung not only systolic but also diastohc heart murmurs due to cardiac
difatatyon resulting from the anemia Sometimes the differential diagnosis be
theen anemia secondary to bacterial endocarditis and that secondary to other
factors 15 dufficule An abnormally high hemoglobm content over 100 per cent
s found wath ly lung from 1 heart defects which are
attended by cyanosis and a nght to left shunt of blood This percentage of
Bemoglobin may be as Iugh as 150 (22 gm) or more Polycythemia vera may
In turn be stself a factor of circulatory stramn (see Chapter 23)

ccently an 1ron pigment 1 muscle called myoglobm which Iike hemo-
gobin has 3 function of picking up and stonng oxygen has been under in
Yestigation (Biorck 1948) but further study 1s needed to ascertamn the cliucal
“ghuficance of varsations of 1ts amount 1 heart muscle

Red blood cells The red blood corpuscles are decreased below the nonmal
n number relatively Jess than 1s the hemoglobin m the anerma of acute rhen
Mate heart disease and 1n that of subacute bacterral endocarditis as 10 almost
Y secondary anemia They usually vary between 3 000 000 and 4 000 000
Per cubic milhmeter according to the seventy of the anemia rarely faling to
2500000 or 2 000 000 or below 1n the severest grades of anemia found in
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bacterial endocarditis In contrast m the morbus caeruleus of conmemtl
heart disense the red ccll count 1s as high as 6 000 000 to 12 000 000

White blood cells In nfections of the heart the white blood corpuscle counts
are ncreased A shght leukocytosis with a total count of 10000 to 15000
per cubic millimeter and a polymorphonuclear percentage of 70 to 855
common 1n acute endocarditts rheumattc or otherwise although frequently 1
muld cases the numbcr of white blood corpuscles 1s normal n the more sever
and fulmmating cases of bactertal endocarditis with complications such a8
embolie nfarcts 1t can be much greater even to a total white count of
30 000 with 95 per cent polymorphonuclear cells Cardrc mnfarction from
coronary thrombosis or emboltsm usually results m polymorphonuclar
leukocytosts for a few days from a slight degree (12 000 with 75 per cent
polymorphonuclear cells) to a high degree (25 000 with 90 per cent pob
morph r cells) depending on the size of the infarct A small infatet m3y
result 11 no obvious leuhocytosis

Sedimentation rafe The rate at which the sediment of nonclotted blood
settles out 15 much mcreased 1n many disease conditions including the 1
fections mvolving, the heart (rheumatism bactenial endocarditis and tuber
culous pencarditss for example) and myocardial infarction from coTonafy
thrombosis It 1s a useful test not in differential dragnosis but i helpin2 12
determine when an actrve process has completely subsided particularly sub-
acute rheumatism infecttous activity m a constrictive pencardllls and actne
tisswe replacement 1n myocardial infarction It ts important to correct the
sedimentation rate ndex for marked variations 1n the cell volume percentd ¥
(hematocrit) of the blood for example a fast rate of 0 5 mm per minute m
a 100 mm sedimentation tube with hepanimized blood) 1n a case with severe
anemia may be corrected to a normal rate of 0 25 mm per mnute found
when the hematocrit 1s normal (at 45 per cent) (Rourke and Ernstene 1930

Blood culture Bacteriologic examnation of the blood 1s owcasionally helpfal
1n endocarditis The smear shows no orgamsm but 1 culture when enove!
blood 5 to 20 cc 1s taken and the culture medwm hormone broth with 3
hydrogen 1on concentration of pH 76 1s carefully prepared should r:\ﬂ:
the presence of the Streptococcus vindans in the great majonty of ¢a<es @

t bacternal endocarditis S several cultures must be taket
before positive ones are sccured At least three or four posttive cultures ar
essential for complete confirmation of the diagnosis of subacute bactenal ef
docarditis one or even two positive cultures may be more or Jess accidents!
findings Cultures are also uscful in determining the particular orgamsm strep
tococcus  staphylococcus  pneumococcus  gonococeus or rarer bactend ©
sponsible for acute bacternal endocarditis T ly m rk e €14
carditis streptococct have been found mn blood cultuzes and sometim .
thought to be responsible for the infection but blood cultures positite °n
streptococer have similarly been found 1 various other diseases and even !
relatively normal controls especiaily when there are chromc foct of m(ecno;!‘
particularly dental and immediately after tooth extraction (not portsculdr

cs 2T¢
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after tonsillectomy) This finding ss best interpreted as mdicating that oc-
castonally strav bactenia may 1nvade the blood stream without causing disease
exceptin rare hearts where there mav be suitable soil for their growth as m the
case of subacute bactenal endocardites

Serolome reactions Although on rare occasions such serologe tests as
those for the ar the ech may be helpful if carefully
carned out 1t 1s only the Wassermann or afhed (Rahn or Hinton) reaction
for syphikis that 1s of routine value Because of the relatve wnfrequency of
cardiovascular syphibs 1 certamn commumties this reaction will prove nega
ve 1n most cardiovascular patients sn those communities but 1 other parts
of th. world where syphibis 1s nfe and sts treatment inadequate a positive
Wassermann seaction will be commonly found When 1t 15 posiuve the fest
1 of belp an confirming a 6 of card lar syphtlis made on other
gounds or caling attention 10 3ts presence When nepative this test for
syphilis 15 of onlv hmted value although the great majontv of all pauents
with cardiovaseular syplulis (about 85 per cent) yield positne Wassermann
ot halin or Hinton reactions Even when positive the reaction may be rs
feading for nonsy philitic heart disease and incdental syphilis mav be present
mihe same patient also other cond hke jaundice and sut bactenal
endocarding may rarely yeld shghtiv posttive teactions These facts must be
remembered and great care and judgment exeraised before a positve Wa ser
mann geaction 15 allowed to mil dragy P and
there may be a y T susp of card tar syphilis but symptoms
O¢ Signs are essential to establish the diagnosis

hsmsny of the bleod Viscosity of the blood cluefly dependent on ats
cellular content 15 rately an important factor so far as the circulation 1s con
emed and its measurement 13 fargely & matter of academuc nterest Ocea
sonally however jts merease as n gh prade polycythemia where 1t may
be as much as three times the normal 15 a distinct burden for the airculation
04 2 threat for thrombasis 1t has to be offset mn part by caprtlaty didatation
D“““Ed Viscosity occurs m anenma and temporaniv in congestive failure or
vtk foremg of flud sntake
Chemieal analyses Certan chemical analyses of the blood have become
toutine valoe 1n saternal med: Tud d disease An
excesy of nonproten mitrogen beyond the normal upper lumit of 40 mg per
00 ce of blood or of urea nitrogen beyond 20 mg per 100 cc means nitrogen
™ention which 1 turn means renal msufficiency but usually not pnmanly
el disease 1n cardiac patients congestion from heart fature may be the
fuse Ag abnormal increase 15 an accompanment also of uremia which mav
: £ % passon the heart and of a sepal shut-down due to dehydration The
uf;\:‘\m of blood sugat normally not over 120 mg per 100 cc of blood 15
. h knowing when diabetes mellitas 15 suspected beeause of the frequent

S0ctation of thy disease with early attenoscleros:s and because of s un
‘t"orah\: effect on heart disense but too low a blood sugar (as from excess
msuliny may also act harmfully wn acute coronary heart disease

af
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The serum content of albummnt and globulin 1n relation to cardiovaseul
disease has not been shown to be of climcal smportance 1n the differentiatio
of cardiac edema from the edema due to hiver disease or to malnutrition At
one of these factors may complicate the others In heart failuse the serw
protemn 1s usually normal 1n the other two conditions much lowered (to §
gm per 100 cc or less) espectally 1n sts albumin fractron Although 1t
possible to measure the contents of various 1ons m the serum (e g , sodwa-
normally 136~145 meq per liter potassium—3 5-5 0 meq per liter calow
—90-105 mg per 100 cc and chlonde—100-106 meq per lter), mut
still remains to be Jearned about the sigmificance of the blood content of sl
and their elements acid and base along with the hydrogen 10n concentratio
which remarns strikingly constant (7 35 to 7 45) through buffer acton Sul
gestions of the significant effect that may result from abnormality of such rel
tionships 1s shown however 1n an unusual elevation of the T waves of tt
electrocardiogram 1 acidosis and 1n the case of a high potassium conte!
(which may also induce or favor the occurrence of heart block-—Thomso!
1939) and depresston of the T waves 1n alkalosis and Jow blood potassiu
as well as 1n the case of hypocalcemia (1n tetany ) 1n which with very low bloc
calcium (4 to 5 mg per 100 cc of blood) the duration of systole as measure
electrocardiographucally 1s prolonged apprectably beyond the normal dropps
agam withun normal imits when the blood calcium 1s restored to pormal (1
mg) It 55 also important to remember that the serum content of salts dox
not indicate the intracellular chemical status Finally there are other su!
stances for which on occasion the blood should be analvzed eg cholester
11 coronary heart disease and thyroid diseases especially (normally 150 2 25
mg per 100 cc serum) and m suspected (A nom!
40 to 100 units per 100 cc C normally 04 to 10 mg per 100 cc)

Oxygen 1n the blood The normal content of oxygen 1n artenal and venot
heart blood measured 1n terms of percentage saturatron (if all the hemoglobi
were oxygenated the saturaton would be 100 per cent) 1s 95 per cent satuft
tion (18-21 volumes per cent) for artenal blood and about 70 per cent saturt
tion (10-16 volumes per cent) for venous heart blood For certain parts ¢
the body the venous blood will show a greater degree of unsaturation but th
excess 1s neutralized 1n the venous heart blood by a lesser degree of unsaturt
tion 1n other parts of the body Stasts of varying degree and 1ncreased tss¥
metabolism account for the differences The more acttve the metabolism 3
the greater the stasts anywhere the less oxygen remarns 1 the blood and &
bluer 1t t The d of oxyhi lobin however requires
favorable temperature and if the air 15 very cold so that the skin 1S chuftet
the penpheral skin circulation although greatly slowed gives not 2 blue b
a red color due to the p of duced oxyh Tob:

A helpful instrumental device called the oxmmeter (Milihan 1932) for th
photoelectric determmation of blood oxygen saturatron in man by standart
1zation against known blood samples can be applied to the ear of even b
whole blood via cardiac catheter
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A decrease in amount of oxygen saturation of arterial blood can be of
. degree 1t has been found to be as low as 58 per cent 1n a case of our
~ of congenital heart disease with the tetralogy of Fallot and marked cya-
(Talbott et al 1941) 32 per cent 1n a cyanotic and fatal case of
» the influenza eprdemic of 1918-1919 (Stadie 1919) and even
Per cent 1n a case of bronchopneumoma with increase to 79 per cent
through oxygen nhalation {Meakins and Davies 1925) A decrease 1 oxy
en saturation of artenal blood 1s due to any one of eight factors as histed
berewath (1) Pulmonary congestion from heart (left ventnicular) falure may
be 50 great that n the d ded p y capill much venous blood
Passes through without contact wath the alveolar wall and the oxygen on the
other side of that wall also morsture n the alveoh may prevent the proper
entrance of air (2) Pulmonary vascular engorgement from mutral stenosis
without real heart failure acts in the same way (3) Pneumonic or other
sonsolidation which causes a shunt of venous blood to the left heart through
the capillarres of solid lung mto whrch httle or no air and oxygen can pene-
frate may also reduce the oxygen content of artenial blood (4) Destruction of
alarge amount over half of the total lung tissue may prevent sufficient air
from reaching the pulmonary circulation (5) Chronic emphysema and
asthma 1 which the resprratory exchange 1s very lmited may also prevent
sufficrent oxygen from reachmg the alveolt and blood stream (6) High alt
tudes 10 000 ft (about 3 000 meters) and over where the oxygen content of
the wnspired air 15 Jow do not allow a completely normal oxygen saturation
of the blood At 14 200 ft elevation the oxy, gen saturation of the arteral blood
has been found to vary between 80 and 90 per cent instead of the normal of
95 per cent or shghtly more (Barcroft and associates 1922) and at 17 500 ft
the varianon was from 67 6 to 84 6 per cent (average 75 per cent) 1 six
Tesident healthy workmen (Talbott and Dill 1936) (7) Poisonung by carbon
monoxide or other toxic agert to cause methemoglobinermia may prevent some
:If the hemoglobin from taking up oxygen m the lung (8) Congemtal heart
dlsfcnsc may be attended by shunts that 1s through atral or ventricular septal
dt €Cts large enough to allow a considerable amount of venous blood to cross
rectly into the artenal circulation without first gong through the lungs Con-
&ntal transposition of the aorta and pulmonary artery may also be a cause
thhr!e addtional observations about blood oxygen are of mterest In ancmia
. °Te the hemoglobin 1s Jow 1n amount Its saturation with oxygen may be
°mal and yet the total amount available for the tissues too little With poly
‘{“\tmm as 1 congemnital heart disease the saturation with oxygen may be
2onomally Jow and vet the total content—volumes per cent—be sufficient
- 2use of the mncreased number of red corpuscles Also some oxygen can be
“u'l"lc;i directly in the blood plasma without attachment to hemoglobin this 1s
0 t:n 2rge amount but 1t 1s of some importance the ratio of oxygen so carned
t combined with hemoglobm bemng about 1 to 50

. At increase of oxygen saturation of normal arterial blood can be but shight
nce i already averages about 95 per cent saturated but when there 1s oxvgen
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unsaturation mhalation of air nch m oxygen (for example 50 per cent) may
restore the blood saturation to normal

A decrease of ovygen saturation of venous blood below the normal anws
first from the vanous factors already enumerated for decrease of otygen 1
the artenal blood The tissues 1 removing their quota lower the percentare
still more sometimes to a level close to zero m marked stasis Two mmportant
factors are added by the pertpheral lation atself (1) d s
metabolism from activity and (2) stasis of the circulatton These may simply
be local phenomena but 1f they mvolve enough of the body a very apprecibe
decrease of oxygen saturation of the venous blood 1n the right heart wall resull

An mcrease of oxygen saturation of venous blood 1 the heart above the
normal may be found (even up to 94 per cent) when there 1s a congenital kit
to night shunt from left atrium to night atrium or from left ventricle to et
ventricle or from aorta to pulmonary artery (via patent ductus arterosus) 3
determuned by cardiac cathetenization or when the circulation rate 15 V7
rapid and the metabolic actvity of the tissues shight as n paroxysmal tachy
cardia or 1t may be found locally when there 1s rapid circulatton which s
not give time for the usual oxyhemoglobin dissociation or when there is 28
arteriovenous aneurysm (anastomosis)

Carbon dioxtde n the blood The carbon dioxide content of arterial blood
1s normally about 60 volumes per cent 1¢ 60 cc of CO gas per 100 cc of
blood (26-28 meq per liter millequivalents per liter = volumes per cett
divided by 2 2) The carbon diowde 1s carried 1n the blood chiefly 1n the form
of the dissoctated acid sodim salt whereby the carbon dioxide 15 quick
taken up and given off If an excess of other acids appears in the blood stream
as happens 1n diabetes or nephritts the carbome acd radicat
decreased by the blowing off of more than the normal amount of carbon &
oude 1n the lungs to maintam the normal blood and body reaction Of thett
may be a retention of alkali from the blood to neutralize actd in the body ssue
with corresponding decrease i the carbon dioxide content of the blood It
alkalosss the carbon dioxide content of the blood 1s mereased

A decrease ncrease or normal amount of carbon dioxide may be found
1n the arterial blood along with an abnormally low oxygen saturation of "‘df
artenal blood though at first thought only an increase mught be expect
This vanability of carbon dioxide content 1s dependent on the refatne 10
fluence of three factors (1) reaction of the blood whether acidotic wheat
n heart farlure there 1s a retention of bicarbonate in the tissues productis
a lowered blood carbon dioxide valve or alkalotie due to excesstve V"m"""i
with elimination of acid gastric Juice or to excessive intake of alkahes causi
an mnereased carbon droxide content i the blood (2) pulmonary overventiid
tion due to oxygen want resultng mn a decrease of artenal blood carbo?
diouide doubtless a factor m keeping this content Jow in heart discas¢ a
pulmonary underventilation of extreme degree as i very extensive pulmon:z
disease resulting 1n excess of artertal blood CO  and (3) 2 shunt of \cnn<€
blood 1nto the systeruc crculation as in marked congemtal heart duseas
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suffictent to transmt blood with a high CO content The product of all these
favtors determines the carbon dioxide content of the arterial blood There may
be a nse of arterral CO to as high a content as §5 volumes per cent (mn a
~ase of marhed pul y d mphysema and purulent bron

chiolitis of the left lung waith nght lung collapsed by hyd; Meakins
and Davies 1925) It may fall to as low as 30 volumes per cent or less from
dubetic or uremie. acrdosis or even from the effect of high alutude (27 volumes
T cent in a subject at 14 500 ft elevanon—Barcroft and associates 1922)

the normal content averaging about 50 volumes per cent In heart disease with
congestve farlure and decreased oxygen content of the artertal blood the cr-
bon dioxede content of the asterial blood 1s more often decreased than normal
ormcreased The test of alveolar arr carbon dioxide has long beea used w
estimating the degree of acidosis 1n disease but 1t 1s not relable in cectan
pulmon.ry condittons as for etample when edema of the lungs 1s present

A decrease increase, or normal amount of carbon dioide 1 the venous
Blood may be found as 1n the artenal blood but there are two additional van
e factors (1) speed of blood flow from arteries to veins and (2) activity
of tssue metabolism If the blood flow 1s fast or the tissue metabohsm do
¢t ased Jess carbon dioxide 1s delivered to the blood 1 the capillaries ind
the difference between the artenal and venous carbon dioxide content my be
teduced from a normal average of about 3 volumes per cent to 15 or even
S percent 1f the reverse occurs the diference may be mcreased up to 10
Volumeg per cent

us 10 judging the results of blood gas analysts many things have 1o tr
taken nto consid, Tud, of techme The data may pro .
tetul 1p helping to differentrate congemtal heart disease with its shunts fr
#qured heart disease and 1n grving actual blood gas measurements for « .

Bree of impatrment of the circulation po matter what the cause The v
ifation of the blood gases directly or by analysis of the alveolar air al, 5o
™is an estimation of the blood flow that 1s of the amount of blood py 1, «
b tuch ventricle per beat and per minute (see page 241)

Blood volume It 15 of some mmportance to distinguish between for, .,
‘olume jp any grven person and circulating blood volume they 4+ .,
MEAns synonymous It has been calculated that the circulating bloo -
n2n adul of average size equals 5 to 514 Iters that1s 3 hters g
meter of body surface or 80 cc per kilogram of body weight (Gng .

1935) The mean plasma volume measured by Evans blue ¢+
?"“(’unts to 45 to 50 cc per kilogram of body weght (Cohen ges
918} the volume of the circulating red blood cells has been 5.

’
R

“
e of fadioactive phosphorus (Nylmn 1945) and 1on (Dow ¢ , E(/’
'2500 et al 1946) and found to average 30 to 35 gm per kekry 7oy
M Vanous blood depots will on occaston quite suddenh ¢ ., _
Somsiderable amount of blood from the active circulation to he # ¢ y: :” -
or agasn by exercise or other requirement These normal blog ¢, . e ‘;

785 and systemic veins (especially 1n the splanchme regio- . o

[
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spleen Abnormal blood depots are most commonly vanicose vetns of the ks
which may on occaston (chiefly with a change to the standing positon) 8
drain the circulation of blood that famtness or even syncope may occur
Other abnormal blood depots are varicose vens elsewhere than m the lexs
lax abdomunal vessels and large hemangromata These blood depots are ovr
loaded 1n congestive heart failure and the actively circulatmg volume o
blood 1s also too great not only for the strength of the heart but i actud
amount as well (Gibson 1941) there may be a real hydremia In vascul
shock the circulating volume of blood 15 on the contrary reduced st
Chapter 30)

Available flud volumes of the human body can be measured by the diy
tion of sodium thiocyanate mjected tntravenously The subtraction of the
plasma volume and 70 per cent of the red cell volume from the total of the
avarlable flud volume gives the avatlable interstitral flurd volume (Morse [
al  1947)

EXAMINATION OF THE URINE

Quantity Most important 1n a patient known or believed to have 2 failing
heart or constrictive pericarditis acute or chronse are the determnation and
interpretation of the quantity of unine excreted compared to the flnd ntake
This should be done no« for twenty four hour periods but for twelve hour 42y
and mght penods for both flurd output and 1ntake m order to note delav @
excretion as well as imutation or excess of flow These measurements s ¥
made with a reasonable degree of accuracy and flud excreted by stool 50
calculated 1f the bowel movements are watery We must not forget howeve
that normally a considerable loss of water occurs 1 the expired it and that
the sweat glands of the skin excrete water Normally these should always bt
therefore an appreciably larger ntake of flud than output of unae 1 twenly
four hours by a few ounces (100 to 200 cc) at least and by a much lar;tp
amount where there 1s much perspiration hnowledge of the amount of un
alone 15 of hitle value unless this amount 1s excessively mcreased of dimf
1shed "

If the systemic venous pressure 1s raised to a high level for 2 considerd :
length of tme because of congestive heart failure so that flud which b2
been distributed to the tissucs at the artenial ends of the capdliary loops €2 "
be wholly reabsorbed at the venous ends the output of unne 15 decreas .
relative to the fluid mntake and also delayed beyond the normal If the osmol;s
P m the 11 1s much d. d because of low serum protei® '
1 pephrosis and malnutntion flud leaves the crrculation m too 1rg8 @
amount and the unne output decreases In either case a decreased unﬂ:i
output 1s often a good warning of an impending edema With the beg.u'm“s
of diuresis the amount of urine wmcreases and approaches and ofien surpas s
the flud 1ntake and edema if present begins to subside Ttas well to hecP 3
chart of these two measurements routtnely day and might i the €% a
cardrac patient with congestive failure of any grade at all
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Specific gravity The specific gravity of the unne 1s of less moment than
the quantity but usually varies with it When the urine output 1s much de~
creased m congestive heart farlure the specific gravity tends to be ugh due to
concentration (1025 to 1030) but m spite of a shight to moderate albu
mmuna 1t 1s not so high as with a Iike degree of oliguna in health when the
function of normal uncongested kidneys pernuts full concentration (1030 to
1040 0r more) When there 1s 2 large flow of urme with dwresis the speafic
gravity usually vanes very little and tends to be low under 1 010 If there 15
poor renal function especially 1n chromic nephritis the mght amount tends to
exceed that of the day and the specific gravity usually maintains a farrly con-
stant figure

The urine concentranion test of renal function systematically introduced by
Volhard (1918) but simplified by Fishberg (see his fourth edition of Hvper
tenston and Nephritis 1ea and Febiger Philadelphta 1939 page 77) 1s the
most practicable of the vamous functional tests of the kidney for routine use
Brefly 1t 1s as follows On the day and mght of the test the subject drinks no
fud after the noon meal eating a dry supper The unne passed during the
afternoon and at bedtume 15 discarded as well as any dunng the mght The first
tnne passed 1n the morming 1s saved 1 a bottle After an hour more m bed a
sewond specimen 1s passed into another bottle and stil a third after being up
2nd around for an hour without eating or dnnkmng Fishberg writes

The specific gravity of each of the three specimens is then taken If kidnev
tunction 15 unimpaired the specific gravity of at least one of the specimens will
exceed {022 often gomng as high as 1032 In very severe impatrment of
enal fimction the mavmum specific gravity 1s but 1 010 and 1n itermediary cases
B vres between these extremes are obtained In every case exhibiting low
specific gravity 1t 15 important to observe 1f edema 15 bemng evacuated for this may
smulate Inability to concentrate The third spectmen passed while the patient
#up and about helps 10 the of orthostatic 1a

Albumin - Albuminuna 1s an almost constant finding 1 congestive heart
Tature the greater the congestion the more the albummuna In the absence of
0¥ trace of edema 1ts presence 1s far more significant of fenal disease unless
115 the shight mconstant so called orthostatic albuminura or an accompani-
fMent of infection In the case of sub: bacterial ( vindans)
exdocarditis there 15 often important renal bleeding and damage albuminuria
1 therefore 5 frequent finding 1n this disease

Sugar Glycosurta may be transient shght and unimportant it may be of
a TeEntary onigin or the tesult of some accident hke cerebral hemotrhage but
Usually 1t indicates diabetes mellitus muld or severe and then demands par
ticularly conservative treatment in cardiovascular patients (see Chapter 23)

Uniary sediment Generally when there 1s congestive alburmununa red and
white blood corpuscles and granular and ceflular casts are found 1n the sedi
Ment of the urine With chronic nephritis hyaline casts are more frequent than
'R cOngestve heart failure With subacute bactenal endocarditis even though

I3
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there be no albumnuria red blood corpuscles are usually found m the sed
ment Gross blood in the unne 1s always important but 1s more Likely to &
due to local mnfection stone or malignancy than to heart diseasc Renali
farction secondary to embol from a dwseased heart n subacute bacterl
endocarditis myocardial mnfarction with intracardsac thrombosis or mitr!
stenosts with atrial fibrillation 1s however an occasional cause of gross
hematurra

Renal function fests The various tests of renal function sumple or mor
elaborte may be apphed in the presence of cardiovascular disease but thes
interpretation must be guarded The disturbance of renal function may be &
pendent on either renal disease or secondary congestion from heart falhurt
The degree of renal impmrment as mdicated by most of the functional tests
15 dependent rather on the degree of mvolvement of the kidneys whether pn
mary or secondary than on the type of 1avolvement The combination of both
prnimary and secondary mnvolvement naturally results in the gravest disturbances
of function One must wait until congestive falure subsides before maks ?
many aeductions from renal function tests The most practical and useful tesb
are the unne concentration test such as that described above under Spectic
Gravity and the red (phenolsulfonphthalein) test 1o current use everywhert
emphasizing however more the rapidity than the amount of the excretion 1t
1s more important to know what percentage of the dye 1s excreted 10 the first
15 mnutes (normally 25 per cent or more) than m the total tme of two hours
{60 per cent or more)

CARDIAC OUTPUT MINUTE VOLUME OF BLOOD FLOW AND
CIRCULATION RATE STUDIES PLETHYSMOGRAPHY

Cardiac output The cardiac output the minute volume of the blood flow
and the speed of the circulation have been subjects for physiologic myested
tion for years chiefly in antmnls in the experimental laboratory Dunng the a8
decade the application of such study to clinical medicine has been successiull¥
begun

Long ago it was shown expenimentally that the amount of blood pumped
out by etther ventricle i the course of a munute called the munute yolume @
blood flow could be determmned readily by a formula (Fick 1870) bas:dm:
the amount of oxygen taken up by the lungs m a minute s hime and the amoun
utilized by the tissues This formula 1s as follows

100 X cubic centimeters oxy,en consumed 12
lungs per munute
Difference 1n volumes per cent between orygeh
content of arterial blood and that of veno
blood

Mnute volume of blood flow =
(in cubic centimeters)

The application of this formula to man was for years fraught with dlmcﬂl‘:‘;
though the discovery that analysis of the alveolar arr purmutted a close
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proumation ta that of the blood gases of the night and left sides of the heart
poved very helpful so that the munute volume of man could be ascertained
and through that the stroke volume or output of each ventnicle per beat {by
duiding the minute volume by the pulse rate) Another method for determin
ing bood flow was also used dependent on the absorption of certarm gases
from the tungs 1n 2 certarn umt of ume for example mitrous oxide acetylens
and ethy] rodide acetylene proved to be the most suitable gas for thus study
(Grofiman 1932) ethyl rodide grving figures 33 per cent too small

The ntroduction 1n recent years of cardiae cathetertzation has permitted a
More accurate determination of the munute volume of blood flow by the use
of the Fick formala since the oxygen content of the mixed venous blood 1
the nght heart chambers can be readily measured and compared with the
©%ygen content of artenal blood This volume dnided by the pulse rate gives
the cardiae. output per beat

Harmilton and hys associates (1947 and 1948) have compared the Fich
dye mpecton and pressure pulse curves in dog and man m relation to the
ardiac stroke volume and have found a fair correlation between the dye
®etion and Fick findings and a close P between dye and
Pulse pressure contour

The apphication of heart volume changes between systole and daastole as
determuined roentgenologically has alo been suggested recently (Flubacher
2d Nyffeler 1946) the 1 volume g directly the stroke
volume The difficulties inherent 1n measunng the heart volume by x ray

zﬂ“ﬂtr present a problem here that needs further development (see Chap
t7)

An mgemons  but crude method of determmning the output of the heart
ez beat and Per munute was introduced by the use of the ballistocardiograph
tarr and Schroeder 1940 Cournand Ranges and Rley 1942) This n
stument which consists of a dehcately batanced table (on which the subject
Techines) records the recoit of the body when the blood 15 ejected 1nto the
0rta ang pulmonary artery from the ventricles Attempts have been made to
tortelate the graphic record which results called the balhstocardiogram (see
Pler 8} with the output of the heart as determined by the mare direct
methods pateg above and can apparently with considerable cotrections be
ved a5 2 rough though snadequate gauge of the cardic output the Iatest
Mdies have mdicated that the balhstocardiographic 1ndex was about oge
Uird 100 oy Thys bablistacardiography s best used as a method of study per
;:nld7not 10 determine the cardiac output (see Chapter 8 and Figure 38

€ 172)

The minute autput at rest normally ranges from 3 500 to 9 000 <« (6 to
2eeper 100 &m of body weight) being ereased by exercise 10 as hugh os
25 htery Of more m some cases It may like the stroke yolume be reduced

Vanons factors but usually to a less degree since an merease of pulse rate
fends 1o compensate for a decreased output per beat The erect postuse has

4 found usually to cause a decrease {even as much as 30 Per cent or more
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‘but usually less) of the minute volume calculated for the recumbent posi
Various other factors influence blood flow 1n a defimte but sometimes md:
mnable degree these are the stroke volume of the heart the lung capa
the absorption power of the lungs and the capillary diffuston areas of mus
Physical traiming makes these factors more favorable and so enables the
culation to be carned on more economically with less strain on heart
artenies as mdicated by less elevation of pulse rate and blood pressure on¢
tion 1n the athlete than n the nonathlete Heart farlure 1s usually attende
a decreased output but this 1s very varable and 1n some cases, as 1 th
toxicosts the output may still be elevated

It has been found that the normal output per beat or stroke volume V.
1n the average adult from 50 to 100 cc at rest but that in athletes 1t ma
much higher, even 150 cc or more Ths 1s increased by exercise Jess it
nonathlete than in the athlete 1t may be more than doubled nistng for exat
from 60 to 130 cc or from 70 to 150 cc on vigorous exercise With heart fa
or extreme tachycardia 1t may be reduced in a case of paroxysmal &2
cardia for example 1t has been reported to have dropped from 77 to 1
{Barcroft Bock and Roughton 1921)

Circulation rate In the past the volume of blood flow has been stv
more than the rate but ingerous methods for determmng the rate of b
flow through smportant parts of the circulatory system have been deviset
proneer method consisted of the mjection of an acuve deposit of radm
the vemn of one arm and the determination by means of a detector 0§
moment of its arrival 1n the heart and in the artery of the other arm (Bi
gart and Yens 1927 Blumgart and Weiss 1927) The speed of flow
arm vemn to heart and through heart and lungs to arm artery was the
roughly determmned Normally this arm to arm crculation time was foun
vary from 14 to 24 seconds (average 18 seconds) a somewhat lenger
than has been the finding i the case of more recently wntroduced substa
ngected this tme increased with the pulse rate but not with blood pret
variations and was not affected by valvular disease The circulation nte
found to be decreased m congestive heart farlure according to the degre
farlure and also n atnal fibnllation without falure Asterosclerosts and
monary emphysema did not cause a delay The arm ven to heart rate of t
of the radium injected blood showed 2 wide range of 2 to 14 seconds
an average of 7 seconds 1n normal individuals

The recent introduction of the employment of safe radioactive 150t0PeS
revived this earliest method of determ ming, the circulatory rate Hubbar¢
al (1942) tested the velocity of blood flow 1n mfants and young chil
using radioactive sodim, Prinzmetal et al (1949) found the arm fo1
heart time to average 2 seconds normaily 1n the adult with an ddional !
6 seconds to the left heart

Since the earlier days of the chimeal applicauon of the study of the rat
the circulation a decade or more ago numcrous new methods consis
mostly of substances for mjection into an arm vein have been sntrodu
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These have included tjecttons of a dye (brllant vital red for example}
fluorescesn hustamme {which flushes the face) sedium cyamde (causing a
sharp merease 1 respiration) Jobehne {causing 2 deep mspiration followed
by a cough) Decholin (sodum dehydrochnlate) (Bving a bugter taste) glu
€0se or h (d: d m the i of the tongue by
a charactenistic taste) amunophylin amyl mtrite (lung to face tme as deter-

lnhxbnory effect on snoatrial node (Wilburne etal 1947
To test the arm to lung time that1s the wntegrity of the venous side of the
sserue cirentation ang the nght heart the myection of ether (Hitg 1935)

2m 1o lung time (Cavdel 1938)—the end pomnt 55 shown by a cough
100 adyjeg with normal hearts the range was from 3 to 9 5 seconds aver
gng Seconds
Finally the mhalation of CO has been suggested to fest the lung to bram
e that s 4he 1ategnty of the pulmonary circulation and left heart {Gubner
Schnue and Crawford 1939) acting as a stmulant 1o the respiatory center
1S normay range has been found to be $ to 10 seconds
eral mvestigators (Germandt and Nybn 1946 Meneely and Chestnut
1947 Nathanson and Elek 1947) have pomted ont the delay 1 circulation
Faie thay Ay accur as the vesult of dilatatton of the heart alone even withoye
SOnestive filure there remaining a certam amount of residual bloog m the
7t chambers daately after their
o tests of Sirculatary rate ordinarily employed are the ether time (normat
g about § seconds) to deternune the state of the night vemnicle ang
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Decholin saccharne, or cyamde time (normal average 12 to 15 seconds) to
test the total heart efficiency the subtraction of the former from the latter gives
an estimate of the strength or failure of the left ventricle The tests are useful
1n a few cases 1n which there 1s some doubt especially m distinguishing m
obscure cases between bronchial and cardiac asthma and n following gen
patients by senal tests but they are not routinely necessary

Pleth; phy Plett phy that 1s the measurement of volume
changes of extremity or organ has been carried out chiefly in expenmental
ammals but for certain purposes has been also applied to man It has been
used to measure blood pressure to obtain farely accurate records of the artenal
pulse wave and especrally to measure the volume of blood flow 1 2 speial
part of the body It has Iittle application to routmne cardiovascular examind
tion but in obscure or difficult cases of peripheral vascular disease 1t my
yield information of value Of late 3 study of the electrical 1mpedance of a1
extremity has ndicated 1ts possible use wn the applicatron of an electrically
recording plethysmograph to imvestigations of the penpheral circulation
{Nyboer 1950)

CALCULATION OF THE WORK OF THE HEART AND OF THE PULSE

Various attempts have been made to estimate the actual work of the heart
and of the pulse some of these have proved of mterest but they have not
been of any practical value 1n cardiovascular examinatron We can for
example express by a very rough formula the work of the left ventricle when
we know the volume output per beat the heart rate and the mean arternl
blood pressure If the left ventricle expels 100 cc of blood per beat at 2 rate
of 60 beats per minute at a mean artenial pressure of 100 mm of mercuf)
(about 1 300 mm of blood) 1t Lfts 6 liters (6 000 cc) of blood to 2 height of
10 cm of mercury (or about 130 cm of its own weight) per minute whic!
equals 780 000 gm-cm (or 7 8 kg meters) per mmute The blood sessels
mantain this volume at a somewhat Jower level through deastole 1t addiont
to withstandmg the systolic shock of the heart This rough calculation et
presses 1n an 1nteresting way the enormous constant actrvity of the heart It
may further be appled to certain pathologic states for example if the meat
arterial blood pressure 1s 150 mm of mercury and the heart rate 60 pef
mnute and the output per beat 100 cc the work of the heart 1s 50 per cent
greater than in the previous example given or 11 7 kg meters per minute Such
a great mncrease 1n work if constant can explain the hypertrophy of the Lt
ventricle found in hypertension

It has been calculated (R and Hamil 1947) that the cardiac
work performed in P 1s und d up to 12 per C":;
by multplymng the total ejectron by the mcan pressure durmg systole 830
that the work done by the heart in raising the pressure of the blood 15 10 £ e
per cent more than that done at the penphery 1 foraing blood throueh ‘“
penpheral resistance encrgv to this amount beng lost as the gortic Wave
damped
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More accurate formulas to include still other vanables like veloaty the
effect of gravity and tune intervals have been devised such as the followng
{Evans 1918)

Work of heart = 7QLR + WVXO)  pere Q equals the quantity of
6 GXE
blood ejected R equals the mean arteral resistance 1 meters of blood W
equals the werght of the volume ejected V equals the mean veloaity C equals
the duration of the cardiac cycle G equals the acceleration due to gravity and
E equals the period of systolic ejection The lication and pl
of such a formula however renders it mmpracticable except for experimental
ammals moreover 1t represents not the work of the whole heart but of the left
ventricle 2lone The need of determining the output of the heart per beat by
special methods the difficulty of ascertanmg the mean arterial pressure the
need of cardiac cathetenzation to estimate accurately the work of the nght
veatncle because for such calculation the pulmonary blood pressure must be
measured 1n man and the apparent relative ummportance of the knowledge
of the exact amount of work done by the heart have caused the general and
probably justifizble neglect of such 1 as these 1 card
tamination It 1s possible however that more attention paid to the actual
work of the heart would be helpful at least in causing one to realize the great
vanability that extsts not only 1 disease but also m health

Caleulation of the work of the pulse as determmed for example by
sPh)'gmobolometry (Sahh) or energometry (Chrsten) or otherwise has
proved very complicated and of no practical value

FUNCTIONAL TESTS OF THE HEART AND OF THE CIRCULATION

Strength and endurance fests Both simple and complicated measures of
Strength and endurance have been proposed to gauge the health of the heart
muscles and of the airculation 1s a whole These measures do demonstrate
efficiency of the heart along with that of the muscles and nerves but 1t 1s fre-
uently dufficult to conclude to what degres abnormal Iimitation of strength
and endurance 1s due to exhaustion how much to nervous fatigue and how
much to myocardial weakness Dyspnea and angina pectons are the two chief
Grdiac symptoms of overtaxation of the myocardum and when these symp-
toms are clearly singly and in a preponderant degree produced by tests of
Physical activity we may obtam valuable mformation about the heartt When
3 ense of exhaustion 1 local muscles or generally throughout the body or
®hen palp, 1 d and appear with or without dyspnea or
heartache (not angina pectons) other factors then enter m which prevent
ArTying the exertion far enough clearly to test the heart s rength this 1s the
Usual sitwation because of the general lack of physical traming or because of
the Teady nervous fatigability 1n most indwviduals gested Hence these tests of
strength ang endurance generally amount to tests of tramng and of the nervous
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state that 1s of phystcal fitness rather than of cardiac condition Neurocit
culatory asthema (or effort syndrome or soldiers heart ) and muscelar
flabbness are more easily and often exposed by exercise tests than is heart
disease Nevertheless tests of strength and endurance may be appled vath
some success 1 estimating myocardial efficiency 1f sound judgment be shown
1n the interpretation of the findings

The simpler the test the better because a simple test 1s Jess Tikely to stram
unaccustomed muscles less Iikely to exhaust prematurely a person not1n good
physical training and more conventent and practical to execute In fact such
simple exertion as enters nto the routine darly bife of the patient 1s best of all
Questioning alone may suffice as to the production of dyspnea or of angim
pectorts by chmbing a flight or two of stairs at an ordmnary rate of speed
chimbing a hill of moderate grade at moderate pace walking fairly rapdly o
the level or hfung and carrying a handbag sustcase or heavy overcoat Butu
there 15 doubt or a need for exact data actual tests of these actvties undt
the observation of the exammner should be executed Chmbing a flight or t+0
of stairs or 1f that seems too much pacing rapidly up and down the room
or cornidor or and d d dly an especall constructed
two-step footstool are perhaps the best of the sumple exercise tests A word
of warning should however be added here namely that exercise testing
the case of serious coronary msufficiency can prove fatal

Under some as for ple 1n for multar}
service athletic sport or other such activities more vigorous or specal tests
are suttable such as weight hfting hopping runmung and steppiag repeatedy
from floor to chair seat and back agan Stnce however in routiné civihan
practice one deals often with older men and women or untramned persons ¥
weak or undeveloped muscles these exercises are not usually applicable A
trained athlete physically fit but with well marked aortic regurgitation ™y
€arry out vigorous exerctse tests without any trouble whle an untramed soft
muscled man of the same age height and weight with a normal heart may
unable to complete relatively light exercise tests without much fatigue dyspae
and palpitation

The reaction of pulse rate and of blood pressure to exercise has been the
subject of considerable study and discussion and has at times been thought
to be a switable test of circulatory efficiency, but the same remarks apply to
this as to the production of symptoms Too marked a nise of pulse of bl
pressure and too long a duration of this nise after rest begins go with
physical condition as often as with cardiac weakness alone Normatly aftef
a short spell of exercise of moderate degree (like chmbing rapudly twe aver
age fights of stairs or kfting duning a time interval of one mnute two five:
pound dumbbells twenty tumes from the floor first to a standing positton ant
then to an extended position of the arms above the head) the pulse rate a':o
blood pressure 1n a well tramned young or middle aged adult should retu® “
normal from elevated levels within two munutes affer lyng down The ""om
vigorous the exercise the mare slowly do blood pressure and pulse rate et
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10 Testing figures even 1n the normal subject The delayed nise of pressure 15
alsa of little or no signtficance normally there 1s a slight immediate fall when
evercise begms before the rise develops

Over a period of many years vanious functional tests have been mtroduced
under the names of their respective proposers but thereafter as a rule speedily
fareatten Cabot and Bruce for example 1n 1907 described a group of such
tests and 1mposed a modification of therr own There has however been n
routne use for quite some years especially m mulitary cucles a certain test
for general physical and circulatory efficiency which despite 1ts obvious 1m
perf s d to be ployed Ths 1s the Schnerder
Index (1920) It 1s carried out as follows

1 The patient reclines for five minutes (a) The heart rate 1s then counted for
tweaty seconds When two consecutive twenty second counts are the same this 1s.
multiphied by 3 and recorded The score is noted according to Part A Table 1
(b) The systolic blood pressure 1s next taken by auscultation two or three
readings are made as a checkh

2 (a) The patient stands at ease for one or two mmutes to allow the pulse
10 assume a umiform rate When two consecutive twenty second counts are the
same this 15 muluphed by 3 and recorded The score 1s obtained by the use of
Part C Table 1 ‘The difference between the standing and rechmng pulse rate 1s
scored then by use of Part B Table 1 (b) The standing systolic pressure 1s next
taken The difference between this and the reclining systoltc pressure 13 then scored
by Part F Table 1

“3 The patient next steps on a chair about 18 mches high, five times 1 fifteen
seconds timed by a watch To make this test uniform he stands with one foot
on the chair at the count one this foot remams on the charr and 1s not brought
1o the floor agam until after the count five At each count he brings the other foot
on the charr and at the count down replaces 1t on the floor This should be timed
2ccurately so that at the fifteen second mark both feet are on the floor (a) Imme
diately while he stands at ease the pulse rate 1s counted for fiftcen seconds thus
s multipied by 4 and recorded (b) Counting 1s contmued m fifteen second
‘Mervals for two mmutes record being made of the counts at 60 90 and 120
Seconds

“The data from (a) will be scored by Part D Table 1 taking the difference
between this exercise pulse rate and the standing rate The data 1 (b) are scored
2ccording to Part E Table 1

The total score 1s then added upmParts A B C D E and F of Table 1
{see next page} The maxumum possible 1s plus 18 and the mimmum 1s minus
11 A score above plus 9 15 considered normal a score of 9 or less fals to pass
and is reason for a search as to the cause

Anewer test of physical fitness for strenuous exertion superior 1 its apph
“aton to athletes and sunpler 1n 1ts execution than the Schneider Index was
ﬂeveloped at the Harvard Fatigue Laboratory and 1s called the Fatigue Lab-
oratory Index (Johnson Brouha and Darling 1942) Tt 1s carned out ar

foliows The subject works at a standard hard exercise until he 15 exhausted
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or 1f not exhausted for five minutes The pulse 1s counted 1n recovery from
1to 1Y from 2 to 2", and from 4 to 4% mmutes The score 15 caleulated
from the formula

Index of fitness Duration of exhausting work 1 seconds x 100

for hard work = 77X sum of pulses from 1-17; 2-2% and 44/
mnutes after the end of work

The larger the score the better the subject 100 being a very good score Any
form of exercise can be used provided 1t puts sufficient stress on the crcul
tory svstem by mvolving large muscle groups provided not more than 10

Table 1

POINTS FOR GRADING CARDIOVASCULAR CHANGES IN SCHNEIDERS TEST OF
THYSICAL FATIGUE AND EFFICIENCY

SCHNEIDER INDEX

A Re l g gulve rate B Pulte tate wmercase on standne (polns) .
Rare Pornts 070 Bears 711§ 19-26 234 I
060 3 3 3 F] 1 H
61- 70 3 3 K 1 o H
71- 30 2 3 2 0 -1 N
51~ 90 1 » 1 -1 -2 i
91-100 0 1 0 -2 -3 H
101-110 -1 o -1 -3 -3
€_Stand s pul ¢ rate D Pulse rare 1 crease smmed arely after exerc £
Rare rount U0 Bears 1120 20 30 B2
60— 70 3 3 3 2 ! g
71- 80 3 3 2 1 o i
§1- 90 2 3 2 1 o -
91-100 1 2 1 [ -1 3
101-110 1 1 0 -1 -2 H
111-1.0 0 1 -1 -2 -3 3
»i-1 [ 0 -2 -3 -3 3
131-140 -1 ) -3 -3 -3
Z
E Ren n of plse rate to F Sistohc pressure stand ng compared with reshn
(stand 1) nonr al afte ex ng
erer e
Second Por ts Change in mot Pout?,
0~ 30 3 Risc of 8§ or mors H
31- 60 2 Rise of 2-7 H
61~ 90 1 No mse H
91-1.0 ° Fall of 2-5 a1
Alter 120 two Fall of 6 or more
to ten beats
abo e normal -1

After 1 0 eleven
to thirty beats
abore normal -
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thurds of the subjects can mamntan 1t for five mmutes and provided 1t does
not demand some unusual skill for 1ts successful performance The only equip-
ment needed 15 a stopwatch and a means of adminsstering a known amount of
exercise at a constant rate Detailed instructions are given for using the test
when a treadmll 15 available

Respiratory tests Most of the respiratory tests that have been employed
to study circulatory efficiency are restricted 1n the same way 1n their chnical
application as are the strength tests described above But here a further com
pheation exists Diseases of the lungs pleurae or respiratory muscles can cause
stnking reductions 1 scoring Just as can general weakness meuroctrculatory
asthenia and certam cardiac lesions

There are vanous respiratory tests the most practicable two being that
of the vital capacity and that measuring the length of time that the breath
¢an be held More complicated tests which measure symptom and pulse and
blood pressure reactions to certam resprratory efforts such as maintaiung an
elevated arr pressure 1 a closed system for a certain length of time or re
brealhmg arr 1n a closed chamber are open to the same objections as those
already expressed concerning exercisc tests they are tests of physical fitness
more than of heart disease or failure also they are affected at tumes by the
additional factor of possible pulmonary disease Although they may reveal
myocardial 1nsufficiency the degree of this must be very carefully interpreted
and judged

Vital capacity The wital capacity of the Jungs 1s the measurement by
Sprometer of the amount of air m lters that can be expelled by a complete
forceful expiration after the fullest possible mspuration Thus test was first
studied m considerable detail over a century ago (Hutchmson 1846) Nor
mally the vital capacity vanes with the size of the mdividual which 1s best cal-
culated from the surface area the surface area can i turn be esttmated roughly
but accurately enough from the height and weight The normal ratio aver
2ges 2 5 liters of vital capactty per square meter of body surface A chart has
been devised for the determination of surface area (Fioure 28B page 143) and
tables of average normal vital capacity for male and female Amencan subjects
have been constructed The wital capacity ranges normally from 3 to 4 lters
for adulr females and from 4 to 5 liters for adult males It vanes somewhat
With practice mcreasing as a rule on repeated tests until the subject becomes
xpert 1t varies also with physteal fitness An athlete has a higher vital capacity
than 3 nonathlete by as much as 25 per cent or more Furthermore the vital
apacity 15 between 5 and 10 per cent hugher 1n the erect than m the recumbent
Position In severely exhausted states and 1n marked neurocirculatory asthenia
" may be much reduced even to 2 liters or less 1n an adult who 15 otherwise
bealthy gy normal heart and lungs If imnexpenience exhaustion and lack of
Physica] traming are excluded as factors wital capacity reduction means 1n
fection ty or pul y pleural med 1 or cardiac disease

Vital capacity was onginally studied to ascertam the degree of pulmonar
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disease such as phthisis m which it 1s usually reduced Of pnmary cardic
condtions there are chiefly two that give nise to reductions of vital capacity
mtral stenosis and congestive heart failure Pulmonary emphysema no matter
what may produce 1t fundamentally 1s also an occastonal cause of reduction of
the vital capacity The greater the degree of any of these conditrons cardiac of
otherwise the lower 1s the wital capacity especially m the case of heart fulure
when there may be a reduction to below a iter such a high degree of reductios
does not happen with uncompheated mitral stenosis It has been reported
that if there 1s pulmonary edema breathing dry air may merease the wital
capacity as much as 10 per cent or more (Leas 1927)

The chuef value of the vital capacity measurement 1n the study of a cardia¢
patient 1s 1n following the course of congestive faflure A chart showing the
vital capacity at intervals daily or every few days 1s of mterest and sometimes
of value 1n such cases but the test 1s a crude one and lags behind other en
dence of change 1n the patient as often as it preceds it It may be concluded
that the estimation of vital capacity mn cardiovascular exammation 15 not
mmportant as a routine measure except perhaps in pregnancy with heart
disease when exertion 1s by order much restricted and reduction of the vital
capacity may be the first indication of smpending beast failure It 1s pot dchezte
enough to demonstrate very slight grades of cardiac nsufficiency and it docs
not give evidertce of organtc heart disease 1 the absence of failure except it
the case of mutral stenosis which acts to decrease the alveolar air by causint
engorgement of the lung vessels

Breath holding test A very simple respiratory test probably as useful 3
any other and because of 1ts ease of execution the most practicable 15 the
measurement of the length of tune the breath can be held after a full mspi?
tion All the qualsfications with respect to the circulation made above con
cerning exercise and respratory tests apply here also The breath holding
test has one defect which appltes only to certain cases and that 15 the poss!
bility of malingering noted sometimes 1n soldiers during World War s
possible however with experience to detect malingering Practice 18 some
times mportant, as i the case of the vital capacity test A normal person "
good physical and mental condition should be able to hold the breath for
more than half a minute usually about three quarters of a mmute and 0cC8
stonally for over 2 full minute Extensive and expert traumng 11t undenwatel
swimming and diving may enable an ndividual to hold his breath as long a8
two or three minutes or even a bit longer If the breath cannot be held 28 Jont
as a half mmute the test shows abi 1 of pulmonary o
pleural disease congestive heart farlure or lesser grade of cardiac 1nsufficency
rutral stenosts general weakness or neurocirculatory asthenia

Anoxemia test The tled test was chimcally wntroduced :y
Levy and his associates 1n 1939 to determune the functional capacity of lr:
coronary arculation especially in persons suspected of having coronary hed
disease but without clear-cut angina pectorts or electrocardiographic “b"mf
malities The test 1s carried ottt as foliows The subject breathes 2 miere @
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10 per cent oxygen and 90 per cent mtrogen for twenty minutes unless cardiac
pam s expenienced before the end of that time Electrocardiograms (preferably
the precordial leads first) are taken routinely just before the test 1s started
and at intervals of five mnutes thereafter If the patient complamns of dis
comfort a record 1s quickly taken the low oxygen mixture 1s shut off and
100 per cent oxygen admunsstered for one minute

‘Two hundred and minety three of these tests were carried out by Dr Levy
and his assouiates 136 were done on persons apparently free of cardiac dis-
eases and 157 were done on patients with coronary sclerosis Pam was not
tnduced 11 any of the normal cases 74 or 47 per cent of the coronary cases
complained of pain m 54 of which the pain came on dunng the first 10
minstes Positive electrocardiographic tests were observed 1 77 or 49 per
cent Positivity of the test was considered to be a total RS ST deviation greater
llh:m 25 mm Dewviation was most marked 1n Lead 1 and n the precordial
leads

The test has been found useful by Levy and hus associates in doubtful cases
but has not yet been widely adopted Some question of ats safety has been
raised and of the nterp of sight electr di phic vanations which
nught be within the range of normal (Burnett et al 1942) but in the hands
of Levy and hus associates (1941 and 1942) and of others since the test has
apparently proved both useful and safe Careful chnreal appraisal however
makes rarely necessary esther thts anoxemua test or exercise tests though
there are always a few individuals 1n whom the diagnosis may be difficult and
for whom such tests are helpful if posttive negative tests do not however
rule out serious coronary heart disease with certainty

Tests of the penipheral curculation Numerous tests of the efficiency of the

ph have been duced from time to time A decade ago

areview (Montgomery Naide and Freeman 1941) summartzed therr drag
fostic importance The tests have been divided into four groups (A) those
Which are a part of the physical examnation and 1nclude observation of Iocal
tissue nutrition color and temperature of skin palpation of pulse and estima
tion of blood pressure tn different Imbs at various levels rate of blanching
onelevation and of flushing and filling of vems on dependency and the repro
duction of spasm by immersion of the extremity in cold water (B) tests of
€apacity of blood flow (vascular function tests) in shin as shown by vaso-
Alatation by reflex heat artificial fever anesthesta (local general spinal

and paravertebraly hi and saline 1 and reactive
Yperemra (C) tests of capacity for blood flow (vascular function tests)
muscle by walking certam di and by er phic m of

muscle fatigue and (D) test of past damage to artertes by oscillometry and
Toentgen ray studies especially by Drodrast injection of asteries or veins An
2dditional method of study (E) has been more recently introduced conststing
oF the snjection of radioactive 1sotopes  especially sodium and following sts
course through any local circulatory area by Geiger counter (Elkm et al

1948) Asmn the case of judgment about the heart by tests so here too much
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expentence and common sense are needed for proper appraisal i many of
the cases
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CHAPTER 11

THE SOCIAL AND ECONOMIC ASPECTS
OF HEART DISEASE

Introduction The sigmificance of heart discase 1s far reaching penetrating
and affecting the health and happiness work and Inves of all peoples on carth
and from the cradle to the grave Belatedly the medical profession has at long
last taken cogmizance of this fact and has begun to enlst the support of
Patients social groups umversities foundations and finally of local and
national governmental resources i the growing struggle to elucidate the causes
of heart disease and thereby to clear the way for their control

Heart disease or rather cardiovascular disease has become the chief public
health problem of our day Rankimng as the leading cause of death 1t has been
widely but crudely publicized upwarranted fear of heart disease has swept
the country 1n fact all the world Although 1t 15 true that the most recent and
most accurate statistics do show a high incidence of cardiovascular deaths
theee very important considerations counterbalance in large part the senous
ness of such a state of affairs In the first place cardiovascular disease or
deed heart disease atself 15 not just one disease but actually a multitude of
diferent diseases most of which are qurte unrelated except as they all mvolve
the heart or blood vessels thus heart disease 1s very different from tuberculosis
o typhoud fever or even cancer Secondly the mcrease m heart disease 15 m
the older age groups there having been actually a decrease n recent years
n heart disease mortahty below the age of twenty five mn the United States
(Hedley 1939) An old person must die eventually of some disease process
andg citculatory death 1s as good to suder as any 10deed probably better than
Many others Fally many grades of heart disease of vanous types are
contrary 1o old time tradition muld and relatively p

With considerable longevity and full activity
However despite these favorable pomts about heart disease 1t sull leads
Other diseases as o cause of death from the age of five years to that of twenty
tenpples many thousands of young people as the result of congemital defects
2nd of rheumatic involvement of heart muscle and valves and 1t stkes down
many leaders 1 professional business and pohitical ife mn rmddle age at the
259
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height of therr careers of usefulness Thus there are many aspects of heat
disease that concern socsety and national economy, 1 the home 1n the school
i industry 1n the commumty and in the nation The present chapter bas
been newly added to this book in order bmefly to discuss these special
problems

Heart disease as 1t affects the home Heart disease presents many problems
for the home which nclude the effects both of the chromcity of the condition
and of the acute attacks that are so Itkely to punctuate 1ts course Thus 1
cluldren there are periods of rheumatie fever often very prolonged which
require much patience of the famly whether the youngster 1s m bed at ‘home
or away tn a hospital or convalescent establishment Since many tumes 1 the
absence of specific therapy these attacks last for months both child and
parents become much depressed and need cheerful medical and nursng ¢are
1t has been here that expert soctal service proneerng and recreational therapy
when the state of health permits have played in late years an important role
At the Massachusetts General Hospital Miss Edith Terry and Miss Loren2
Love have established under the aegis of the Commuttee for the Home Car¢ of
Children with Heart Discase the In Bed Club with its badge and jacket and
magazine home vistting schoolteachers and occupattonal therapy have addd
therr share of aid for these children even before they graduate from bed to
rejon thetr comrades 1 the usual life of the community Not oly are these
pattents followed 1 this encouragmg manner while acutely and subacutel
1l but they and therr parents are seen at imntervals thereafter to help thett
from acquiring the attitude so common 1n the past of resignation to Tves of
wnvalidism and fear Often the families need more instruction and bulding ¥
of morale than do the children themselves And when much schooling 18 Jost
1t has been found possible by easygoing and well controlled summer courses
to promote the child to the class ahead along with his mates In Boston 2
good addttional resource 1n the care of these children when subacutely Al bas
been the spectal foster homes of the Childrens Mission when home care
proved difficult and hospital attendance impossible or too proIongcd

For the mother 1ll with heart disease acutely 1n childbearing age of older of
chronically disabled the choice of an able and understanding houscheepe?
1s not nfrequently more 1mportant even than nursing care to rehicve ot
mother and family of undue worry such a person can hersel help With the
actual nursing too unless the 1llness 1s very severe Another problem concer™
the need 1n some cases of imitation of the size of the famuly and hence
some method or other of birth control expert advice 1s here oftcn necessan
since the mish of chidbirth or even of 2 needed termination of pregnar
should not be countenanced

For the father 1ll with heart disease the threat of disability and death k‘;"
ing the family not infrequently madequately supported requires much car¢!
planning with expert and frniendly advice of doctor and busn!
fessional associates It often n fact usually s not necessary for the m:

ot
heart discase to retire from his Lfe work except perhaps for a fo weeks
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months even after an acute coronary thrombosis Years ago it was common
practice to advise retirement i such a case but fortunately we have harned
better n the last twenty Fve years Moreover it is wise for a man joung or
mddle aged 1mmersed 1n his business or professional hie to cultivate an
asocation or hobby or two not too strenuous to which hie may tum with
pleasure if 1n fater hfe he s prevented by iness cardiac or of other sort
from contnuing hus business or professional hie or indeed when he retires
simply because of age

Finally there are the elders of the famuly grandparents and great grand
parents who may have heart trouble the commonest aslment of the aged
They may be a great burden for their junsors not only medically but soctally
and financially as well especially of they perforce zeside with them Much
better planning 1a the future will be needed than in the past to help solve this
difficult problem especrally simce there will be constantly more and more old
people 1n the world They themsetves must plan better for thewr future when
they are young their fauuhes must acquire a better atttude toward their
eiders with the sespect for age that has been the Chinese tradmon and
finally the medical profession and the community iself must dovote more
tme and saterest to this problem of the care of old age which has been van
ously called gerontology and genatnes 2 speeral field that will one day rank
i interest and importance with pediatrics

Heart disease as 1t affects the school The youngest school children five and
SI< years old may have heart disease either congenstal or the beginmng of
theumatie In fact these troubles may delay therr entrance mto school hfe
by a year or more esther because of the seventy of the symptoms of the
morbus caeruleus or because of active rheumatism which may be severs and
prolonged at this early age and require months of bed rest Except for these
0 conditions however most children with heart disease at any age can
safely ang profitably attend school and need not m fact should not be
separated off 1n special categories or classes except for rare mdivduals who
are unusually crppled by easly and marked vaivular deformuty cardiac
acthythy or defects of type It has not been found
fiEcessary to establish as at one ume was planned special cardsac classes m
the public schaols Happily however i many commumties home visitag 18
2med out by public and private schoolteachers when the chuldren are well
€20ugh to receive them thus keeping up both mstruction and morale And
when the chuldren do get back to school there 15 often a sensible arrangement
"’h"ﬁ*y they may be watched and gumded without making them osveranxious
Tesentful or set apart to do this there can wisely be a cooperative plan of
schoolteachers pareats and family doctor

The smstruction wself n the upper classes 1n the teens can be shilifully
duected toward an mterest 1 sedentary occupations later m bfe if there 1
e heart trouble but often there 1s so httle wrong (as for example shght
Mittad valve def y or a small Tar septal defect) that there need
beno Testnctions whatsoever present or future The same prnciples apply to
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athletic sports and g; Infr ly 1t 15 necessary to curtal
them but often 1t 1s wise to direct a child to baseball 1n preference to basket
ball hockey or football and to short races and jumping in preference to
marathon runs crew races, distance swims and heavy skung
Most mmportant of all 1n these vanous considerations 1s the didual
himself No two patients are exactly alike and $0 1t 1s wital to decide about
every case on its own mernts
Heart disease as it affects mdustry, business, and professional Ife In the
past there has been much unnecessary fear of heart disease m 1its relationship
to industry but happily a saner attitude 1s now developing as the result of
infornung the public at large of the accumulating expentence of the medscal
professton During the last generation 1t has become quite evident m the
first place, that the majonity of persons with heart disease hve a good many
years after 1ts onset mn the second place that the great majority of such long
survivors can live useful and contented lives and finally that they are with
P benefited rather than harmed by work to which thef
are accustomed for which they have been tramned and which they enjoy
Far too many cardiac invalids have resulted from the oversolicitous attitude
of family friends or even physicians themselves and from the apprehension
of industnes b and prof 1 and clents A recett
survey of opimons of experts of the American Heart Associatton Committee
of the Effect of Strain and Trauma on the Heart and Great Vessels has co?
firmed the expenence of the author m this respect namely that the goutin
activity of persons 1n mdustry business and the professions 1f carned on 1
a sensible manner neither titiates heart disease nor makes 1t worse £
already present unless 1t 1s very severe or going through an active stage 35 "
the case of acute rheumatic carditis of acute or subacute coronary ¥
ctency or of myocardial msufficiency Under the conditions of such comph
cations omission of work and rest at home or m hospital are of course m
dicated but often only temporanly for after these conditions have cleared Ug
many persons can safely resume work to advantage to both morale an
physical health to say nothing of their economee status mn the support
themselves and of thesr families
One must of course separate off from the routine stramns of mdus(r)h
and the p dents and trauma physical or mental Wi
can occur just as often at home or at play or 1n the crowded traffic of the
present day (see Chapter 23) As a matter of fact acute coronary throm
bosis and deaths from angma pectons and cerebral vascular accidents 3¢
much more likely to occur away from work than on the job and often e
1 bed There should be a clearer understanding by industsy and more Wi
spread satisfactory msurance laws to meet the problem of the persod v\n!
heart disease than have existed 1n the past One of the proncers (Dr Tron
Clark) 1n this regard who has had experience over many years I the ‘"c‘(
ployment of cardiacs 1n mndustry has emphasized the value and safety {
sodomg slowly this word 1s getting about Of course there must be safegud
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such as a careful 1 of the individual at the b an

annually or oftener if the need anses and proper treatment when complica
fions come as they may whether the person 1s working or not Industry
should not be blamed for such complications any more than some trivial
acaider t which may have brought to light heart disease which has existed for
years On occasion some nnusual stramn or trauma mav expedite 2 complica
fion and 1f 50 a justifiable and satisfactory attempt can be made to apportion
the responsibility of such an exciting factor n the overall picture for example
12 a patient with a moderate or considerable degree of mutral stenosis some
special stramn may set off atrial fibrilation which mught not have come on
otherwse for some weeks or months or even a year or two but such stramn
should not be considered as 100 pex cent responsible for the temporary dis
abiity that results 1t may not rate more than 10 per cent

These remarks apply to every kmnd of heart disease even the morbus
caervleus but of course youngsters with severe congenital or rheumatic
heart disease should be trained 1 therr youth for sedentary occupations and
oldsters may need to reduce their time at work or sit 1nste 1d of stand or shft
to another job With regard to changing occupations one should add that a
somewhat active job for which a person 1s tramed at which he or she 1s
skillful and which 1s well hiked may afford actually far less stramn than a new
19b which seems easier phystcally but which may prove both difficult and
bonng for the person concerned Thus one must individualize advice for
every case lists of occupations for cardiacs may be somewhat useful bu
they are only rough guides at best

We should not deprive our cardiac patients of education or some sort of
Occupatton just because they seem hopelessly handicapped A good lesson 1n
that Tespect was taught by a patient of mine with a high degree of the tetralogy
of Fallot who because of much cyanosts and delicate health 1n early child-
hood recerved no schooling at the advice of the doctor mn attendance because
1t was thought that such would be a waste of time and money However by
80od care and good luck he lived to be sixty years old but more important
stll by sheer will power and genus he educated himself to be one of the
leading musicat composers of his generatron

Heart disease ag it affects the communty Much that has been discussed
under the headings of home school ndustry business and the professions
naturaily applies to the commumty as a whole but there are other aspects
of the tommumty that deserve mention One 1s that of the general standard of
lving Where there 1s 2 low average level heart disease ke a good many
other diseases 15 more common It 1s well known for example that rheumatic
heant disease 1s twice as common m the poorer more crowded sections of a
¢ity than 1n the suburbs where lving conditions are better Much the same
statement 15 true about cardiovascular syphilis only still more so Also the
cuculatory diseases of muddle age both peripheral and cardiac are more
subject to neglect under poorer conditions of living We do not as yet how
©ver have an adequate statistical apprasal of their vamed incidence and 1t
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may be that the overnutrition that 1s more likely to prevail among the well to-
do has 1ts nfluence m the etiology or at least aggravation of the so-called
degenerative diseases such as coronary atherosclerosis and hypertension A
c y sense of responsibility for health conditions burlds up slowly but
eventually leads to the establishment of a proper health agency in close
harmony with pnivate practitioners hospitals and medical schools Some
small communitees 1n the country today lack physicians close at hand they
should join others m similar plight or perhaps better situated to st up some
central group or hospital where someone trained mn the ficld of cardiovascular
disease can be available, as in other specialties with essential equipment such
as electrocardrograph and fluoroscope

Heart disease as it affects the natton Next to last we come to the problen
of the national health That statistically so far as the heart 1s concerned will
be deait with 1n the next chapter but there are a few additional comments o
be made here In the first place heart and penpheral circulatory diseases are
by far the most common causes of death 1 the US A today and so naturally
they hold the limelight mn the current national health program Fortunately
both public enterprise via the new Natronal Heart Institute and National
Adwisory Heart Council established by act of Congress 1 1948 and pmate
enterpnise headed by the Amencan Heart Association orgamzed m 1924 ar
working 1n close harmony m the support of research and teachmg the field
of cardhovascular discase Happily research has the prionty for it 18 evident
that the sooner we discover and thercby learn to prevent the underhing
causes of heart disease the sooner we shall rescue our young peopte and
mddle aged population from cardiac invahdism and death and the Jess effort
time and money we shall need to plan for and expend n thetr care Anm
creasing mortahty from heart disease per se mn the years to come need causé
no alarm 1n fact such may be welcomed provided death comes quickly com
fortably and quietly while at rest in bed or easy chair at an advanced ag¢
say at mnety fter a Jong and happy and useful life But there 15 stil tragedy
m the paper headlines on when some notable and public spinted
citizen suddenly succumbs to heart diseasc m the very prime of Ife and at
the top of his career

Heart disease inter 1ty Finally the problem of heart disease 18 world
wide and what has been said about sts communty and national relationships
applies equally to all nations An International Cardrac Council was organiz¢
1n Mexico City 1n 1946 to help to correlate the various national activities
the cardiovascular field and to aid 1n setting up the first International Cardu
Congress 1n Pans in the fall of 1950 At that congress there was estabhsh
the International Society of Cardiology (Heart and Blood Vessels) There
are heren many opportunities for future cooperative researches 10 the e
dence and etiology of heart disease throughout the world and 1n the strengibest
1ng of international medical frendship
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CHAPTER 12

PREVALENCE OF HEART DISEASE AND
OF ITS ETIOLOGIC TYPES

The frequency of heart disease The first aspect of the prevalence of heatt
disease to be considered 1s that of its total frequency though actually ths
ts much less important than a second aspect to be considered later namely
that of the relative and absolute frequency of the various kinds of heart diseas?
dependent on the various causes Accurate information about either the m
cidence or the prevalence of heart disease 11 the community 1s as yet scarcely
available anywhere n the world this information 1s obviously of great I
portance and much work remains to be done in securmg it We possess
scattered data of small or hmited scope or of uncertam relability from &
number of sources data which are largely mcomplete or otherwise unsatishac
tory These sources include life insurance statistics periodic Fealth schoot
industnial athletic and military examinations and hospital and mortabt
figures

The of y p of heart discase has vaned fro®
less than 1 per cent to several per cent The reported results of exammatet
of school children have differed widely, but reasonably satisfactory studies
the northeastern part of the United States have indicated that neatly 1 per cert
of children of schoo! age have organic heart disease while 1n San Franene®
only 0 37 per cent of cardiacs were found among the school children one
half or more of whom had congemtal heart disease (Sampson et al 193
and n Cincmnnat the figure was midway 053 per cent with §§ per ccat 7
them rheumatic and 45 per cent congemital (Rauh 1939) In 19464
Robinson and his associates found among the San Francisco school chlldff"’
0 44 per cent of cardiacs which when further analyzed, showed 024 pee ¢
rheumatic heart disease and 0 19 per cent congemtal heart discase HO““C‘;
rheumatic heart disease was not at all rare among the children of Sov .
Californa some ten to fifteen years ago as indicated by the finding of 3 P':
cent of cases at autopsy at the Children s Hosputal n Los Angeics amoﬂs
patients through 14 years of age Eighty per cent of the cases at the Chxldr;;)
Hospital were Calif born (Thomp p 1 19

268
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Atthe Childeen s Hospital 1n Boston 1o 1949 13 per cent of the autopsted
cases showed rheumati, heart disease and 10 per cent concenttal (there were
many wnfants)

The prevalence of heart disease mn school children vanes very much with
camate brcawse of the greater frequency of rheumatic heart disease 1 cold
%et and hugh alttude arcas for example Sampson ¢t at (1945) rcparted
204 per cent theumatic heart disease among the school children of Eureka 1
the extreme northern end of Cafifornta 1 contrast to 0 32 per cent of rhey
matie heart disease among the schoo!l children in Redlands m the extreme
southern end of Califorma The mcrdence of congenttal heart disease was
*pproximately the same 1 both places—0 07 per cent 1 Eureka and 008
percentn Redlands In 1945 Wedum et af reported among school children
1 Demer 1 63 per cent wath rheumate heart disease

Among 28 139 young adults entenng the Untversity of Wisconsin between
1931 and 1939 there were 289 cases (! + per cent) of henrt disease with sex.
400 of 17 females to 3 male (Cole 1041} From nuddle aged adult ex
2ML00s and from the certasnty that in ofd age the incidence of heart disease
Svery much hugher than m youth it may be stated as probable that at Jeast
2 per cent of the total population of the northern part of the Umted States

e heart discase of o degree sufficient to produce symptoms or signs

As 2 cause of death heart disease has assumed greater and greater propos
ttons 1 thyg part of the world untd now it leads all other causes having far
Vilstripped wbereuloss pneumonta and malignant disease the other three
mast common fatal diseases and abo outnumbening accrdental deaths which
20w ragl wn thirg place as a cause of death This mcrease which s absolute
3 well as refatrve 15 due to several reasons the individual importance of
whuch 15 not yet known (1) more accurate cardiac diagnosis (2) fashions
d revisions of recording chagnoses (for example coronary artery disease
B3 clasufied some years ago under the heading of artenal disease 1 the
Massachu:ms state records while now it s classified under the heading ot

Beart disease most persans formerly diagnosed as having  Bnght s disease
2 10w fecopnized properly as having hypertenstve heart disease with con
€ e farture and not primanly kidney disease and many persons who died

aldnge Years ago wouid now be recorded 1s having dred of cardiovascular
diease) (3) reduction of sneidence of certun other diseaces especially of

Mechions Tike infantile dysentery tuberculosss and typhoid fever with a

©Sponding increastng ratio of heart disease deaths and (4) actual merease
of heast disease due 1n part at least to thts very same decrease mortality
ftom other discases Some ndividuals who 1 former diys would have died
of dysentery 1n wfancy of drphth m childhood, or of tubercuosis ar

Bphoid fever 3n early adalt hfe now die of sheumatic syphilitic hypertensive
OF cosanary heart disease mstead See Fable 2 and Figure 571
e —

Mort 1% 0% much sosecistion that 1 acknowledge the valuable as stasce of Me Fels £,
mD" I, ¢ of of the Biometrt s P'e carch Sectian of the Natonal Heart Tnsttne Rertyesds
¥ 3% Teas on of Table 2 and Frgure 57 and for other helpful advi € about this chap er
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As a background for the mncreasing mortahty from heart disease it 1s of
mterest to cite the decreasing death rate 1 the Umted States i 1900 the
death rate from all causes in the registration states was 1,719 per 100000 m
19101t was 1 468, 1n 1920 1t was 1 299, 1n 1930 1t was 1 132 n 19401t was
1074 1n 1945 st was 1 062 and 1n 1948 1t was 988 The figures for Massa
chusetts are given in Table 4 It 1s of much nterest that mortality from ept
dermcs has been on the dechine m late decades Except for the one senows

Table 2

MORTALITY STATISTICS FOR MASSACHUSETTS, 1900 TO 1945

(Cases allocated to place of residence since 1935)

Infant deah

Death rate per 100000 pop1 latian Total death  rate per

Diseases of Tubsrenlons Piew 1owa . rate per 1000 1000 bve
Year the Heart  Cancer  (all fo ms) (all forrss) populaton  births
1960 165 75 24 172 184 .
1905 196 8 102 153 167 N
1910 200 91 164 175 161
1915 201 103 119 159 143 101
1970 215 115 114 156 138 i
1925 248 124 8 118 124 B
1930 282 136 64 93 116 o
1935 336 148 46 8 s 8
1930 a1z 169 38 58 18 3%
1945 pra 187 39 2 12 3

Source  National Office of Vatal Statistics
* Not avalable on comparable basis before 1913

eprdemic of influenza at the end of World War I there have been no ncreases
1 mortahty from epidermtc disease stnce the beginnung of the twentieth century
(see Figure 58 for Balimore)

In previous editions of this book 1t was stated that approumately on¢ ot
of every three or four deaths m the US A at large and 1n mdwvidual areas
(such as the State of Massachusetts) was due to heart disease but steadily
the proportion has nisen so that now if we imnclude all the ramificatiofns of
card disease d) for example renal vascular disease 1
atio 18 very close to one out of two (49 5 per cent) Figure 59 1llustrates
well the recent duta t

The accuracy of death certificates 1s still subject to great improvemest bu
1t has gained rapudly dunng the last That the ng pet
centage of cardiac deaths 1s not a umque feature of this country 15 shown 2
statistics recently recesved from France m Lyons from 1887 to 1891 dca(“
caused by heart disease made up 77 per cent of total deaths from 1“"““
causes while from 1938 to 1940 they made up 17 3 per cent n JaIg® }“L
apparently because of the reduction mm mortality from other diseases since ot
actual number of cardiac deaths did not increase proportionately (Parts Jet u\
Fcbruary 7, 1942 JAMA 1942 CXVIHI 1155) This very nerease
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mortality from heart disease provided 1t comes i old people may be a
source for congratalation rather than dismay since 1t means that hfe 1s now
bewg hmuted by the degeneratise lestons of old age rather than by the infec
tons of youth But such degenerative lestons should not appear in youth or
middle age The relationship of morbidity and mortahty to age s thus a vital
one in any consideration of statistics of public health See Figures 60 aod 61
©1pages 271 and 272

DEATHS FROM SELECTED CAUSES MASSACHUSETTS

Rates per 100 000 Populafion
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% death rate from all causes and infant mortality sate Mascachusetts 1900-1945

133 of great mterest that the average duration of human fife has more
San daybleg in the United States of Amenca in the bref snterval since s
establishimens 165 years ago It has been estimated that the average duration
of Me 1y thys country sn 1790 was about 30 years sn 1930 1t was 58 8 for
“hite ey and 62 4 for white women and 1n 1947 65 16 for white men and
7054 for whye women Ths greater longevity of females has been con



270 HEART DISEASE

sistently 4 to 5 years for many decades (Dublin 1933 1941—Stausted
Bull Metropolitan Life Ins Co 1949 XXX No 10) The expectation
of duration of fe among the Negroes in the Umited States in 1930 was
13 years less than that among the whites 1n 1947 1t was reduced to 8 years
In 1911 among the policyholders of the Metropolitan Life Insurance Compam
the expectation of life was 46 6 years and 1n 1949 less than four decades
later 1t was 67 8 years In some parts of the world where mfant mortalty
and vouthful mfections are stull hugh the average duration of Iife 1s still only
m the twenties about as it was probably 1t Europe 1n the Roman Era and i
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the Muddle Ages (Figure 62) However despiee the wonderful mcrease
the average duration of human Iife 1n this countrv mn the past <entury or so
the expectation of hfe for the man or woman who reaches 60 years is no
greater now than 1t was years ago and probably a hitle less this s a very
important aspect of the subject that should recetve screasing attention i the
foture The longest lnved persons (centenanans) are in the man those who
wth 2 good family nhentance of longevity have lived physwally actne hives
i rwral surroundings

Other refationstups of morbidity and smortality from heart disease of great
mportance besides absolute and refative frequency and age are those to
i

o

ia DI

% 741935 ~ 458 063 132 9%) f Yotol of 1 352753 Death
n T 1947 — 639 261 (44 22) af Totat of 1 445 370 Deaths
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16 60 Chart showmg tatal mortality from cardiovascular diseases as compared to
Hlather canses accordmg fo age groups 1 the United States 1935 and 1947 ¢ hamdness
98 Miss Marjonie Bcllows Ammencan Feart Assormtron New York Cuy)

thmate pace heredity sex and social and financial status Favorable
UnCes 10 reducing the mcrdence of heart discase 1n young as well as old are
Ml dry climates good but not rich faod moderate physical evercse and
bealthtal wneroyded Itving conditions  Recently 1t has been noted that a
§50d enviconment seerns to be more tmportaat than having long Ived parents
i dmrmmmg the mdwidual s prospect for long hfe (Stanstcal Bull Metrp.
Poltan Lofe fns ¢ February 1942 XXIII No 2} The smportance of
Nesedty 11 cardion ascutar disease however 15 very great. perhaps as great as
OF greater than any other factor but its exact sigmficance remams obscure
11as 2150 been found that race 1s sometmmes an mportant factor Negroes
Shotwng twice the prevalence of heart drscase as do whites Sex 15 concerned
i three respects 1n the first place there seems to be a law of nature through
S:(l ‘hgltmxrc animal kingdom from msects up to man that the male 15 con
3t

'y shorter lived than the female secondly sex affects the Prognoss ==
every VANIEly OF heart diganen wmatac funnm swroafio a ol oo .
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given heart disease than females, probably in part because of the greater
burden imposed by the more active Ife and thirdly 1t 15 related somewhat
to the various etiologic types rheumatic heart disease and heart trouble from
thyrotoxcosis betng found more often 1n females and coronaty heart disease
and cardrovascular syphilis more often m males The whole problem of th
tncidence of heart disease needs however much further study
The canses of heart disease The second and the most important aspect of
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heart disease 1s that of its causes and their relative frequency With the de
veloping interest 1 preventive medicine 1n tecent years there has come the
realization of the need of analyzing all disease from the etiologic standpoint
Since heart disease 1s the source of much illness and of hgh mortality 1n
nearly every communty 1t has attracted much attention and efforts have been
made to determme the relattve and absolute importance of various factors
thought responsible for heart symptoms and signs Prelimmary classification
of causes and etiologic types of heart disease has begun i several commu
uties It holds much promuse for the future for it 15 only as we see the m
Portance of etiologic factors of disease that we can view them 1n due propor-
tion and concentrate our efforts toward the eradication not only of the most
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FIG 67 Chart showng the expectation of life from ancient to modern times (hind
fess of Dr Lows I Dublin Metropolitan Life Insurance Company New York Published
1 Length of Life Ronald Press Company New York 1949 )

Setious pathologic states but also of those most amenable to such an attack
n the current state of our knowledge

It 15 evident that although mvestigation of many causes of heart disease
M4y well be carned on at the same tune by workers all over the world the
Wisest course 15 to concentrate 1n any one community on that commumty s
O%n particular causes most 1 need of control or most obviously open to
attack Tn New England the rheumatic infection hypertenston and presenile
Coronary disease are the most 1mportant factors now demanding study Many
Years will elapse before we are left with the problem of old age alone Mean
%hile the practitioner of medicine may himself contnbute to the progress
either by concentrated study of some particular etiologic factor or factors or,
M3 fouting way by recording as accurately and faithfully as possible 1n every
Patient with heart symptoms or signs the causes whether clear doubtful or
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unknown Graduaily 1n this way will come a better realization of the probler
which he before the medical professton 1n this large and mportant field

Lest 1t be thought that the effort of classifying each cardiac patient accor
ng to etrologic type 1s superfluous or an idle fancy of a public health Utop
T would hasten to add that for the individual pattent himself the method 1s al
of great value Accurate diagnosis prognosis and treatment may depe
entirelv on the recogmtton of the cause of trouble 1t can definutely be sud fh
the etsologic diagnosts 1s often more 1mportant than that of either structur
change or functional condition Congestive failure (myocardual msufficienc,
and angina pectonis (coronary msufficiency) are of course of prime Impe
tance to recognize and treat as functional disorders but we can handle the
cases much more imtelligently 1f we know the fundamental cause of the d
ease back of their insuffi y For pl farlure complicats
coronary occlusion 1s more serious 2s a rule than that due to chromc mit
stenosis and angina pectoris m syphilthic aortitis 15 more significant than b
m rheumatic aortic regurgitation n youth or 1n mid form m the coron3
disease of old age

There are changing fashions 1n medical diagnosis A generation 0f to
ago 1t was considered sufficient to ascertain the pathologic alteratsons pres
1 the way of structural damage 1n the heart and textbooks were filled with
discussion of valvular lesions and myocardiis  Then came 2 step fors
when greater emphasts was placed on the functional state of the crrculatic
than had been done before (Mackenzie 1908) This emphasis was MU
needed and served an important purpose but there has becn a strong tenden
as a result to make too hght of the structural defects and indeed hardly
bother to look for them in detai! The pendulum swung too far but there
now fortunately reappeanng a growing respect for the lestons n the heart th
can themselves serve as sources of strarn and failure or that pont t0 oth
disease processes or to other sources of stram 1n the body We must not thr
too little of etther functional disorders or structural changes we must see
them all and make note of them at least those of most importance it cardh
vascular diagnosis A functional disorder like paroxysmal tachycardia som
times mav be alarmng but 1t 15 usually unimportant and far less sigaifica
tn diagnosis than 1s mutral stenosts On the other hand a shght chronic o
matic aortn. regurgttation is far less important than is the serious function:
disorder of angina pectors ‘

Jt1s with the newest element of cardiac diagnosis the etiologic factof ke
this part of the book will deal This element has long been more of e
recogmzed as of some smportance but only m the Jast generation as it bee
emphasized properlv (Cabot 1914) The following quotation represents
rulestone 1n the progress of our study of cardiovascular disease

Cabot R € ‘The Four Common Types of Heart Disease JAMA 197
LAII 1461

To classify cases of disease according to their pathogenic agent of Procs®
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and not solely by naming the region affected or the function disturbed ts the 1deal
of scientific progress 1n medicine

“But unut the fast decade we have made little advance 1 this direction as re
gards the diseases which gravely disturb heart function Thus we still find in stand
ard textbooks a section devoted to mutral regurgtation s diagnosis prognosis
and treatment  although putral regurgitation 35 almost as vague a phrase as spinal
paralysis or brain fever Justas a spimal paralvsis may be due 1o trauma to the
tubercle bacillus to the Spirochacta pallida to the orgamsm of poliomyelitis or
fo cancer so mitral regurgiation 1 only a symptom caused by the action of
streptococes by the degenerative lesions of artenosclerosis by the muscle urmg
ressstance of nephritic hypertension and probably by many other causes

“A stmuar citieism apphies to 2l di of m: The micro
of theumatism and of syphilis the ravages of artenal disease and perhaps many
other causes may produce the lestons of chronic fibrous myocardiis with or with
out p Ad of ditis 1s ke a d of ulcer
1tealls for an etiotogic such as syp or tut i

‘The matter has many practical aspects A sane prognosis and treatment of
2ortt, tegurgitation  for example depends on knowing or guessung what disease
has produced # Even physical diagnosis may have to await an intellsgent anter
Pretation of jts results untl we make vp our minds what micro orgamism 1s at
%ork 1n the heart as well as elsewhere m the body

While we should thus emphasize etology and consider 1t first and generally
fo erost we must not lose sight meanwhile of the other two legs of the trpod
of cardia. dragnosis  structural change and functionat condition Al together
the three elements compiete satisfactonly our modern dea of analysts of a
cardiac case Th represents another step m our progress and a sound one
built upon the expenence of the past and of the present Instead of diagnosing
smply mitral stenosts or atnal Sbrllation or rheumatic heart disease in 2
Bwen case we should make the plete d. of 1h heart disense
(thelog\c) with mtral stenosis (structural defect) and atnal fibnllation (dis
order of function) (White and Myers 1921)

Heart disease may be very complicated Not only are there manv different
“auses of trouble but two or more of these separate causes may occasion
trouble smultanconsly an the same beast and 1 different and even mcon
stant degrees Often much study and discernment are necessary to yudge the
Felative responsibihities of several different causative factors in a given patient
and 1n some cases 1t may be impossible to untavel the tangle In this volume
the combimations of etiologic factors that are most common or important will

Indicated 1n the discussion of complications 1n each chapter

In the Present part of the book the more important causes and etologic

1¥Pes of heart disease will be ven by chapters chiefly according to age preva
0. stnce that 1s a very pracucal arrangement leaving for fater consideration
Sertan factors of but shght or doubtful importance or of extreme ranty This

P2 seems better than that of ar 12 10 1mp or fre
Z:SHbtzc because 1t Ieads one chronologically through the hfe history of man

atise the various factors are of different prevalence and importance 1n
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different parts of the world In New England for example rheumatc heat
disease makes up an imposing percentage of all types put together and syphils
as a factor 1s relatively unimportant, while among the Negroes 1 the South
rheumatic heart disease s far Jess common and cardtovascular syphilss far
more frequent It 1s still too early to give satisfactory figures for the prevalence
of etiologic types in different parts of the world only a few studres have been
made which allow certain compansons and these are not always parallel The
surface has hardly been scratched A large amount of international cooper
atwve research along these hines deserves early prionty

I have tabulated on pages 276 to 279 the etiologic types of heart discase
bsted according to age incidence which may be found helpful as a gude 1o
further study In this Iist will be found figures of percentage prevalnce of the
varous types reported from New England New York Washwgton DC
and several states of the South Middle West the Rockies and Far West
the United States and from England Norway South Afnca Colombi
Mexico the Argentine India, and the high seas The figures are often made
quate and of Iinuted value but they are the best we possess today slosly they
are mcreasing 1 number and accuracy (see Table 3 pages 276 to 279)

Fnally we must at present leave a space 1n our classtfication entitled *of
unknown cause this 1s stil an important group varywng 1n different Iocalities
from about 1’ or 2 per cent up to 15 or 20 per cent This very acknon!
edgment of our ignorance should act as a spur to us in our studies untl
eventually we may be able defimitely to say  we do hnow all the causes of
heart discase  With that knowledge there 1s bound to come more opportumty
to prevent heart disease Incidentally there 1s an enormous rmscellany of
diseases which may depress the circulatory function or shghtly or termnally
alter the heart or the blood vessels (see the end of Chapter 23) but which do
not deserve the designatton of types of heart disease

To add mmportant and useful information about heart disease 1 order t0 help
fill the many and serious gaps 1n our knowledge has requured the concent®
tion of many workers in the past three or four decades especially since ol
War I (1914-1918) These men and women who have become SP'-cmhsls m
thss field have advanced our knowledge about cardiovascular disease fusthet
1n that short interval of time than 1t had traveled 1 all the centurcs that fid
gone before when few doctors had the snterest or took the time to study the
heart and circulation erther 1n the normal man or in the cardiac patient This
book which 15 Jargely a record of the work of the hundreds of students and 1
vestigators of cardiovascular dtsease since 1900 1s a testament 10 that truth
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CHAPTER 13

CONGENITAL CARDIOVASCULAR DEFECTS

Tntraduetson Congerutal defects of the heart and blood vessels though not
frequent comprise one of the most dificult important and ntesestng medical
problems of our day More progress has been made 1 our understanding of
their chmical 3t and i their dunng the last tho decades
then n any other type of heart disease the successive editions of this book
which were begun just twenty years ago ilustrate this well Also considerable
ad spectacular advances have been made mn the surgical correction and
amelioration of several of these defects and intracarthac catheterezation has
been applied especially mn this field Table S (page 294) presents i summary

current chrseal status of the congemtal defects of the heart and great
Vessels Less mmportant extremely rare or as yot undiagnosable defects are
20t icluded 1y this table but are for the most part mentioned in the hisung
ot 1 000 psted cases colk and ¢l d by Maude Abbott Because
o3t historte tnterest and vahe pathologically her classification and figures
hase been retamed wn this ediion but the tabulated msert has been omatted

Mention need be made herewith only of two rare anomahes mcompatble
With Le namely acardsa (absence of heast) and hemucardwa (absemce of haif
the hean) these condittons were reposted by Maode Abbott 1n 15 cases of
N early sepes of hers of 850 autopsied cases (1928}

Inerdence We sull awart adequate statsstcal snformation about the abso-
1ote and sefative 1nesd of d disease i various parts
% he world Our currens smpression 1s that 1t 5 found everywhere and 1
3Bout the same total wcidence but that 1t vanes a good deal relatnely de
Pebding on how much heart disease there 1s 1 general and 5o far as chudren
¢ concarned on how much rheumnatic heart disease there 1s m any distriet
¢ commumty Statistics already avatlable but as a rule still erpde 1ndicate 3

% 10tal scydence averaging well under 1 per cent of alf deaths An analyss

34023 unselected autopstes 1 Boston showed congemital cardiovascular
9556 11 133 ey cont bat thns figure dropped 10 05 per cent after the age
o %o (Geltman and Levine 1942) An incidence of 09 per cent of con.

215
Pl S0y
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gemital heart disease among 15 597 autopsies was reported by Clawson
(1944) of thus Iot of 141 infants 18 were stlibirths and 83 died 1 the firs
five months of hfe only 30 cases (21 3 per cent) surviving aiter thetr fint
year A chmcal series of 31 771 medical outpatients 1n Copenhagen con
tained 85 cases (027 per cent) diagnosed as congenital heart disease among
4746 individuals with cardiovascular abnormalsties (a relative meidence of
18 per cent) (Thordarson 1947) In a chnical series of cardiac patients
under the age of twenty years 1n New England 6 per cent were found to be of
congenital ongin (White and Jones 1928) this figure would doubtless hnve
been higher had more young nfants been included since many of those severel
mvolved die very young In California some years ago (1936) st was noted
that the ratio of congemital to theumatic heart disease was very different from
that m New England bemng very much greater recent statistical information
confirms the earlier figures among San Francisco school chidren there bem

0 19 per cent with congerutal heart disease and 0 24 per cent with theumatic
heart disease a ratio of about four to five while the ratio 1n New England was
once about one to ten until recent years when with the decrease of rheumatic
heart disease and the of congt 1 cardio lar cases scekine help
the ratio has changed in New England to about two congenital to three fher

matic (actually 165 of the former and 257 of the latter under the age of twenly
Yyears among 2 000 cardiac patients—White 1951)

Etiology Canse One of the three great advances 1n our knowledge of s
kind of heart disease during the past decade not known when the third editon
of this book was betng prepared has been the first clear evidence of a causathe
factor the other two advances beng more accurate diagnosts and suracil
treatment respectively In the last edition certain guesses were mentioned 18
cluding alcohohsm syphibis trauma fetal endocarditis and defects 1 the Ter®
plasm but there was no clear knowledge It 15 still quite possible that som¢
of these factors and others not mentioned or even thought of may Pro®
eventually to play a role but the one substantiated factor discorered in AU
traha a few years ago (Gregg 1941 Swan 1943) was not mentioned eare?
This 1s German measles (rubella) a virus disease, which appears to result 10
a b of I defects (: d 1 ies and
at times deaf mutism and mental maldevelopment) n a consderable P¥
centage of mstances m which the mother 1s affected dunng the first 140 w©
three months of pregnancy The exact percentage 15 not yct known but b8
been to date estimated to be from one quarter to one half of the cases 07 even
more One of the most recent reports (Wesselhoeft 1949) cites 67 fants
with congenital heart lesions born of 132 mothers who had had rubella dunng
the first tnmester of pregnancy More recently other viruses have been 5“5«
pected of causing congenttal defects of heart and aorta in the fetus dunn
early pregnancy but accurate information about thss 1s stll laching

Our newly acquired knowledge about rubella and congenital heart
gues us our first real hope about preventative measures At present th
crude steps have been taken 1n the way of advice to termimafe pregnaney !
rubella occurs dunng the first tnmester or to attempt to nfect gulbs an

diseast
e first
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Joung women before miarmage but of course the vital need 1s eazly cure and
prevention of the viruses themselves Gamma globulin has been supggested
butsts value has not been substantiated as yetn the case of rubella

Not rarely the appazent scarnng with fibrosis and contraction of the endo
cardium of the right ventricle mvolving especially the nfundibular area and
the pulmonary valve atself strongly suggests the possibdity of fetal endo
eardits ¥ this should be proved to be true Wi may agan have weapons
224088 such involvement 1n the form of madern chemotherapy and peatcithn
and its hhe sn fact 1t will be of nterest to determine whether in the future
there may he a d 1 the d of infundit and pul; Y
stenosis associated with the current extensive use of these new thernpeutic
agents duning pregnancy On the other hand the white fibrotic thickening of
the endocardium Per se as n the case of congenstal anomakes of the coronary
artenal eireulation (i particular when the left coronary artery anses from
the Pulmonary, artery) s ascrsbed best to the effect of prelonged anoxia

Sex There 1 a cunious relationship of sex in certmin congenntal cardio
vastular defects Yn the largest senies of cases on record (1000 cases with
the sex stated n 859 Abbott 1931) the ratio of males to females was 58 to
42 4t happened that i some of the indsvidual fesions of this series the sexes
%ere zaout evenly divided but pertcardial defects (21 males to & females)
corbiloculare 1e two chambered heart and tnloculare 12 th hambered
heart (17 o 10) defects of aortic septum (28 to 11} transposttion of artertal
frunks (42 to 18) anomalies of the semulunar valve cusps (32 to 5) and
Soarctation of the aorta (60 10 19) were much commoner 1 the male while
fimple patency of the ductus arteriosus was more common in the female (55
1029) and 1n the 53 cases of true atrial septal defect studied by Bedford
Papp ang Parkinson (1941) there was a female preponderance of 4 to 1
mote tasey however are needed to atlow one to be at alt certaw of these pro
Portiang Recently the Iarge sertes of cases of ductus patency operated upon by
Gross (personal communication January 1950) gues a ratio of 276 females
10120 maes and of coarctation of the sorta by Resfenstein et al (1947)
B%¢s one of five males to one female

Age Congental heart disease may be found at any age but 1t 1s commonest
o course 1n the Infant and young child because many of the victims survive

tafew sears ot the most and often only a few days or months The dragnosis
B much more difficult however m very young ctuldren than at an elder age
:;muse of the absence or paucity of symptoms and signs this explams why

© petcentage of accurate chmcal diagnoses can be and often 15 higher m
Eenery] hospitals than children s or infanis hospitals The age to which the
Patient hyeg depends largely on the degree of cyanoss and on the seze of the
cart Markedly cyanosed chidren and those with very large hearts rarely
l‘"ﬂnc 10 adolescence or to full adult age or at most beyond 30 years Delay
" closure of 5 ductus artenosus or of a foramen ovale dunng the Frst few
TRONths of }yfe should not be interpreted as abnormat
W Race Congensial cordiac defects have been reported sn every civihized race

Y 90 not seck any pastieular country or chmate

#
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Social status Favorable social status and financtal resources have not yet
been shown to prevent congenital heart disease but they do favor longewty

Pathology The individual defects found 1n congemtal heart disease will be
discussed later 1 this chapter The most common defects 1 Abbotts post
mortem series of 1 000 cases are 1nteratnial septal defects (373 cases) mter
ventricular septal defects (274 cases) simple patency of the ductus arterosus
(242 cases) pulmonary stenosis (151 cases), anomalies of the cusps of the
semilunar valves (146 cases) coarctation of the aorta (adult type) (105
cases) anomalies of the great vems (94 cases), and complete transposition
of the arterial trunks (74 cases)

Cases with combined cardiovascular defects are more common than those
with the mdividual defects alone This 1s particularly true of mteratnal septal
defects pulmonary stenosts mterventnicular septal defects and patency of the
ductus arteriosus In Abbott s sertes of 1 000 cases mentioned above an atrial
septal defect was noted as the pnmary lesion 1n but 73 cases while 1t com
pliated other lesions 1n 300 cases, mtcrventricular septal defects were classt
fied as the primary leston 11 55 cases and as a complication of other lesions
tn 219 cases simple patency of the ductus arteriosus oceurred prunatily 11 9
patients and as a complication 1 150 others, and pulmonary stenosts 0ccurrt
alone in but 9 cases while 1t was combined with other defects in 142 cases At
a matter of fact 1t 15 to be expected that the defects should be compliated
erther through the simultaneous involvement of several areas of the heart 1
the embryonic maldevelopment or through the pressure effects secondanly f¢
sulting from a single leston Iike pulmonary steposis aprtic stenosts of n
cusptd atresia (complete closure) to keep patent the ductus arteriosus and
defects n the septa between atria and between ventricles Only 1 certain i
stances as n the case of pencardwl defects of primary congenital hyper
trophy and of coarctation of the aorta do the defects tend to be 1solated
rather than in combination

The stage 1n the development of the embryo at which retardation of abnor
mality of growth occurs determunes largely the type of congemital heart disease
found later If the abnormality comes relatively early before the septa have
appeared or have grown appreciably; the heart may remain as in the case ol
the primitive vertebrate heart (that of the fish) with but one atrium and one
ventricle (cor biloculare)} 1f the defect 1n growth begmns later the heart may
be three chambered as 1n the case of the reptile with two atrra and one ¥
tricle (cor trloculare bratriatum) Much less commonly the three-chambere
Beart has two ventricles and one atnum (cor triloculate brventriculare) * 186
m the stage of embryonic growth after the septa have almost caum‘U
formed a defect may cause a permanent opening mn the interatrial septum
(which may be either a patent foramen ovale or a persistent ostium) of ;‘3
aperture at the base of the interventricular septum just antesior (o the U

et
3 A wnque freak of pature has been reported by Sinclar (1943) of & ﬁve-chambt:‘:rh"xh
with tw0 317/2 3 sight ventr Je and twp Jeft ventn) Jes in a wo-headed human mof

two nortas and two pulmonary arteries
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fended space  Also at this stage or earher the common truncus arfenosus
may not be completely divided 1nto zorta and pulmonary artery leaving so
walted parhial or complete defects of the aorhic septum ¥ an the course of
growth of the embryo there 13 either (1) reversed togsion of the ventricular
bend of the embryome heart (2) malpositron of the aortic septum n relation
to the wterventnicnlar septum or (3) mcomplete imvolution of the aorhc part
of the conus a transpasition of the great vessels may result the aorta ansing
from the night ventricle and the pulmanary astery from the left

Inthe explanation of transposttion of the great vessels m particutar Spitzer s
umportant phylogenetic theory deserves a leading position (1923) Harns and
Farber (1939) have written about 1t as follaws

Spitzer s main contnbution 1s a theory of pormal cardiac development The
fundamental postulate of that theary s the orderly developraent of the argan 3s
Avmt i yesponse to the varyng conditons forees and demands 1n 2 senes nsing
drom fishes to birds and mammals It admuts of no fortuous vasations which
distegard the phylogenetic intesrelations of these groups

With the advent of mwp geny a very much greater
volume of blood must pass through the heart Bendmg alone becomes nadequate
o compensate for the jengthenmng tendency and torsion mant iake place The
ongaal npght bend nstiates the torston to the nght and the bulbar elements are
thrawst into a clockwise spiral Smce the heart 15 fixed at both ends detorsion must
tahe place and 2 counter clockwise spreal must be present at the opposize Or veRaus
end

“Actording to Spuzer this is the most important stage w cardsac development
Wuthont it no advance could take place wuh palty degrees of torsion the rmost
bizarre anamalies result The cancept of torsion recur sepeatedly through Sprizers
hypathesss and ws tmp canuot be under d The septum
Mgt 6ot only separate the pulmonary and systemuc crowts but alio cross the
reuts 50 that systenmne venous blood enters the puimoenary artery and oxygenated
Blood passes out through the 2orta A strawghe septum could aaly ¢ause the curcusts
1o east srde by side as in cases of Forsion d the
Becessary spiral at the artenal end and thus permuts the crossing over of the crcuits

order that the countertorston may nat undo ths effect the covatertorsion must
take place penpheral to the entrance of the pulmenary vetns Funbermote 1t 35
Wrough the torsion that the course of the longitucnal folds along which the blaod
fows easily 1s directed more o less into the current The forces residing in the

blood stream may then work on the foids strmulate them to grow and cause them
1o develog tato septums

A faiture 1 development of the conus anenosus or perhaps an ifection
""-M\mg it or its valve cusps after st has become differentiated into the in
fundibadusy of the nght e results w pul y valie or oftener
Wiundibular stenosis or atresta 1 this sienotic defect comes fate 1t may oceur
3s the anly ventnicular abnormality but this rately happens generalfy 1t de
Velops carly atong with fasture of the interventscular septum to close com
pletely with diversion of the biood into the aosta from the nght ventncle 1
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a variable but usually considerable degree In most of such cases the aortas
dextroposed overniding m varying extent the ventricular septal defect and best
explamed by Spitzer s theory It 1s this combination of pulmonary stenosis
mterventricular septal defect dextroposition of the aorta and hypertrophy of
the night ventricle that 1s more commonly found than any other cardiac con
dition 1n children (over a year old) and adults with cyanosss resulting from
congemital heart disease Thus 15 the so called tetralogy of Fallot described by
Stensen (Steno) 1n 1672 Sandifort in 1777 Hunter 1n 1784 Farre 1 1814
Gintrac sn 1824 and Peacock 1 1858 but analyzed more completely asa
chnical entity by Fallot in 1888

Fallot A Contnbution a 1anatomie pathologique de la maladie bleue (cyanose
cardiaque) Marseille med 1888 XXV 77 138 207 270 341 and 403

Fallot s conclusions are as follows (translation by myself)

1 Climcians have until now considered the precise diagnosts of the anatomic
lestons of coagenital heart disease with cyanosts (la maladie bleue) as almost
1mpossible and to be expressed m the form of an entirely vague and uncertaie
hypothesis From observations that we have assembled 1t appears on the contrary
that congemtal heart disease with cyanosis above all in adults s the result of 2
small number of perfectly defimte cardiac malformations

2 Of these malformations there 1s one which 1n frequency surpasses all others
since we have met 1t in almost 74 per cent of our observations 1t 15 this malforma
tion then that the ckmician will be justified 1n diagnosing and i s0 dong the
chances of error which he will run will be relatively few

3 This malformation a true patholog type repusenled
by the following tetralogy (1) stenosis of the pulmonary artery (2) interven
tricular septal defect (3) deviation of the origm of the aorta to the nght and (4)
hypertrophy of the nght ventricle almost always concentric 1n type At times there
1s an addittonal entirely accessory defect namely patency of the foramen ovale

4 One cannot at the present time attribute the maladie bleue to the persisteect
of the foramen ovale without direct opposition to the great majority of observ
facts when the communication between the two auricles exists alone without any
other assoctated cardiac lesion cyanosts does not result

S From the historical pomnt of view one finds 1n the writings of the last €7
tury (the eighteenth) and of the beginning of the present frequent observations
of congenttal heart discase with cyanosis the majorty present the snteresting
combination of the vanious cardac lesions mentioned above

6 Finally from the pathogenic point of view the theory that considers the
1nter iF as a simple ph belonging to the gr0P
of recesstve anomalies rests only on a superficial and nexact interpretation of the
facts the incompletely developed septum in the victim of the maladie bleue c:]"
be constdered 1m no way as the analogue of the false septum of vertebrate ammals
with commumicating ventricles 1t appears much more logical and more 10 keepins
with physiological laws to regard the entire series of cardiac anomahies enumerale
above as the consequence of the stenoss of the pulmonary artery As to the cﬂuf:
of this pulmonary stenosts we believe that we should attnibute it not to 2 s:m;;n
arrest 1n development but rather 10 a pathological process occurnng 10 the regt
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of the pulmonary valve and of the mfundibulum just below st dunng intrautenine
hfe”

Much rarer than the tetralogy of Fallot 1s another somewhat simlar com
bination of congenutal defects consisting of deiropasition of the aorta (which
15 quite Irhely the bamary condition as ndeed 1t may be also i the tetralogy
of Faflot) mtenentricular septal defect targe night ventncle and normal or

o a ventricular septal defect by the large pulmonary attery ansing primanly
from the nght ventncle

Finally of the commaner defects coarctation of the aorta and permanent
Patency of the ductug artenosus appear latest of all at birth or shortly after
vhen the heart and great vessels have otherwise attasned normal growth and

0 88 per ceny of 558 normal snfants hearts and the foramen ovafe prior to
< weeks after birth 1n 87 per cent of this same group (Chnstie 1930) Re
cently Evergyg (personal communieation 19§ 13 has found that the foramen
%ale closes soomer after buth considerably before the ductus artenosus

Clmeal efasey, of cong 1c r disease Vanous attempts
Me been made o group the diferent congenital cardiac defects and their
Combinations g order 1o produce a useful chmcat classtfication not followtag
Pecessanty any embryologic or pathologic plan A classical arrangement ts that
the drviston of the cases into three groups (Abbott 1924 1973 1936) s
2Mangement 15 shown shghtly modificd 1o details m the following plam It may
Sa1d thag the Breater the degree of cyanosts the more serious 13 the case

Table 4
CD\SSlch,\'nav OF CONGENITAL CARDIOVASCULAR DISEASE (ABBOTT)

101der based oy degrees of orygen unsaturation and duration of Ife 1 1 00p
H0psied cages analyzed by Abbott )

Ioning Telatively umimportant defects as well as more impartant anomalies
Less importany group

wl Simple dextrocardia usnally with the situs aversus Mo hmitation of hfe
58 there age other congental cardiovaseular defects
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2 Anomalees of the pericardium Defects and diverticula Maumum age =75
years mean age at death 1n 36 cases = 45 years

3 Anomalous chordae Masimum age = 84 years mean age 1n 23 cases =4}
years

4 Uncomplicated quadricuspid and bicusptd semulunar valves more often aortic
than pulmonary bicuspid aortic valves are a frequent site for bactenal eado-
carditis and so cannot be considered to be wholly umimportant Maximum age = 80
years mean age 1n 44 cases = 34 years

5 Double atrioventricular onfices Maximum age == 71 years mean age m9
cases = 37 years

6 Pure coarctation of the aorta of adult type Mavumum age = 92 years mean
age 1n 70 cases = 33 years

7 Anomalies of aorta (such as right aortic arch) of the aoruic branches of the
coronary artertes of the pulmonary arteries and of the great veins unless these
are extreme Very variable duration of life but as high as 87 years with double
aortic arch (and as low as 3 months with left coronary artery ansmg from the
pulmenary artery)

B More sertous group

1 Ectopia cordis (extrathoracic heart n the abdomen) extra abdominal
ectopia cordis does not allow survival for more than a few days Maumunm age =
15 months mean age m 7 cases = 1 month

2 Pnmary congenstal hypertrophy of the heart Maximum age =
mean age 1n 15 cases = 10 months

3 Pure subaortic or aortic stenosts which exerts a constderable stran O the
left ventricle Maximum age = 58 years mean age 1 23 cases = 13 years

4 Pure mtral stenosis very rare Maximum age = 27 years mean 2
cases = 5V years

5 Pure coarctation of the aorta of infantile typc maximum age =
mean age 1n 9 vases = 174 months

4 years

ge 10 6

9 months

11 Cases of Artertovenous Shunt with Possible Ternunal or 1ransient Rﬂtl:;;l
of Flow (Cyanose Tardsve) In these cases artersal blood ordimarily enters the P
monary circulation while venous blood rarely enters the systemic crculation
Potentially cyanotic group _

1 Patent ductus arteniosus Maximum age = 66 years mean age 1 92 cases =
24 years "

2 Localized defects of zortic septum (communication between base of a0 .
and pulmonary artery or base of nght ventricle) Maximum age = 48 years med
age m 10 cases = 14 years "

3 Localized defects of the nteratrial septum including widely patent famm‘
ovale perststent ostium primumn and persistent ostium secundum Maxtmum 286 =
70 years mean age 1n 68 cascs = 27 years

4 Localized defects of the mterventricular scptum  Maladie de Roger
1879) Maximum age = 49 ycars mean age in 50 cases = 14'% ycars

(Roger

fere
HI Cases of Venoarteral Shunt (Morbus cacruleus) (Maladie bleue) ;::uc
venous blood 1n considerable quantity enters the systenme crrculation Cy:
group
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A. Sught to moderate eyanoss

1 Defect of snterventricular septum with of the aonta
Age= 48 years mean age 1 7 cases = 25 years
2 Cor trl b 2 age == 3% years mean age in 13 cases =

Pyears

3 Puimonary stenosis with patent foramen ovale Maumum age = 57 yeacs
mean age 1 16 cases = 18 years

4 Tncuspid stenowis Maximum age = 28 years mean age m 3 cases = 15 years

5 Tncuspid ateesta {smperforation from o prvative not and spyens perfora
ton) wath septal defects Maumum age == 56 vears mean age 1 16 cases = 5
yeary

B Moderate to marhed cyanosis

! Pulmonary stenosis with defect of septum and d of
wna (lemlngy of Fallot 1888 the fourth element of the tetralogy bewng nght
Ventneylar hypertrophy) Matuimum age = 59 years 8 months mean age in 85
<ases = 12 years

2 Pulmonary atresta with defect of far septum and of
e aorta Maumum age = 30 years mean age s 30 cases = 5 years

3 Transposition of artenat 1runks with defect of ventnicular septum  Maximum
¢ = 16 years mean age 1n 17 cases = 2 < Jeats

€ Extreme cvanosmis

1 Cor tiloculare with transposttion of arienal trudks Maxsmum age = 16
Y645 mean age in 2 cases = 9 years

2 Peruistent truncus antenosus {complete derect of aortic septum) with locahzed
defect of wterventrienlar septum  Maximum age == 25 years mean azse i 24 cases
=4 jears

3 Cor briocutare with P truncus { defect of cardiae
*d artenal septa)  Maximum age = 14 days oan age 1 § cases = 6%y days
Complete transposition of artensal trunhs withous defect of ventricular septum
With nteratnal septat defect or patency of the ducius artentosus  Maxtmum
® €= 1 years mean age 1n 32 cases = 6 months

3 Pumonary atresia with closed ventncalar septum  defective atrial septum
ir,ld Patent ductus artenosus Maumum age = 20 3ears mean age 1n 10 cases =

+ Years

§ Mtral atresta with acrtic aplasia (lach of development from « prvatie mot
3 whagae to form) defect of atnal and ventricular septa and patest ductus
Wenowys Maximum ape = 3/ years mean age 10 § cases = 10 months

7 Aotie atresia transposruon of artenal trunks closed ventrienlar septum

Patent dyctug arteriosus Maxernum age = 15 weehs mmean age 1 12 cases = 2
months

but

A practicat chaical clasnificatton which the author has recently found very
Yl s presented 1n Table 5

Symptoms Congenitat heart distase may be present without any symptoms
Whatsocver (f there 15 no venoartertal shunt or especnal stram on the heart
Stk 15 commanty the case when there 15 but 2 shght to moderate degree of

el
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uncomplicated patency of the ductus arteriosus coarctation of the aorta, of
pure interventricular or interatrial septal defect On the other hand there may
be marked symp 1f sertous ¢« 1 cardiovascular Jesions are present
especially those attended by marked or extreme cyanosis (Groups II B and
III C of Abbotts classification) and those with primary congemtal hyper
trophy marked coarctatton of the aorta or pure stenosis of any of the valves

The symptom most commonly found 1s dyspnea particulacly on exerfion
This dyspnea 1s of all grades occurring 1n the case of atrial septal defects s
the result of overloading the pulmonary circulation and thus leaving too Intle
room 1 the lungs for air and mn the morbus caeruleus 1n paroxysms due
probably to temporary increase of the amount of venous blood shunted nt0
the systemic circulation which leads 1 turn to the appearance or increasé o
cyanosis Often there 15 but little dyspnea hardly noticeable which may show
itself simply as an increase 1n respiratory rate Dyspnea was noted 1n 320 of
Abbott s series of 1 000 cases of congenital heart disease

An mteresting symptom doubtless related to both dyspnea and weaknet
1s the frequent squatting dunng short walks or other exercise charactenstic ¢
children with the morbus caeruleus commonly the tetralogy of Fallot

Along with the igher grades of dysp cough 1s hemoptysis !
rare but may occur i there 15 pulmonary vascular engorgement from obstr¢
tion polycythemic congestion or heart fajure Polycythemma may also ¥
rise on occasion to epistaxis

Next mn frequency after the resptratory and pulmonary symptoms are thos
of cerebral nature due chiefly to anoxemia but in the case of constdersb!
polycythemia they are also due to the sluggish circulation and to cerebrd
thrombosis Weakness faintness headache dizziness syncope convulsio?
and coma dehrium mania and transient or persistent paralyses have alt beet
noted particularly 1n the cyanotic group of cases with congenital heart diseast
The greater the degree of cyanosis the greater 1s the hikelthood of such cerebrd
serzures The cerebral manifestations may last from a few seconds t0 days 2
a time they often mean that the patient has been overtaxing lis reserve It
some cases they recur at intervals of a few days wecks or months for ma”
years Not rarely they are the cause of death 1n the cyanotic cases Paradoxtcd
cercbral embolism m cases with septal defects 15 responstble on occasion for
abscesses of the bramn

Gast symp 34
except for the dysphagia caused by some anomales of the 20

ot
n heart discase are not 1mportey
sta and

branches especrally a night aortie arch Faulty circulation to the abdomnd!
viscera may nausea g h (}mpamtﬁ

and b labeled biliousness  If congestivé falure
supervenes an increase of such p 15 due ily to ¢

gorgement of the liver

Other symptoms arc infrequent except for the complamt of .
hands and feet with cyanosss tinghng 1o the extrermties and abnormal 5‘:
bility to :nf pecatty of y nature Palpitation is 507

f coldness of

cep
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tumes complarned of 1t 1s rarely severe Pai 1s very rare compared to dyspnea

Sums Often there are no signs of congenstal heart defects outside of the
heart and sometymes there are none even wn the heart itself

Of all general signs oaly one 1s both common and smportant and that s
syanosis found sn shght to marhed degree m less than half of the cases of
congemtal heart disease {noted n 475 cases of Abbotts senes of 1000
doubtless an exaggerated propertion becaus cyanotc cases attract much more
2t eation than noncyanouc) It may be termmnal only due esther to a reversal
of flow between the sides of the heart through a shunt or to congesuve failure
ortaboth 1t was termunal mn 124 of Abbott s seres of 475 cyanotic cases It 1s
pacticularly Jikely to be delayed 1n appeaning after buth but 1t may become
vy totense in Jate childhood and m adalt Wfe giving nise to the terms morbus
cenileus and raladie bleu (blue discase) In Chapter 4 cyanoss has already
been discussed here 1t need only be seiterated that 1t is dependent on thne
factors (1) the shunt of venous blood snto the systemic circmlation which
shunt must be about 10 per cent of the total to pass the threshold for cyanosss
{2) the dilatation of skin and raucons membrane capillaries with penipheral
slowing of the blood stream and (3) msufficient oxygenation of the blood 1
the lungs The first twe of these three factors are commonly present m the
Ganotic group of cases of congenstal heart disease and sometunes the third
Tactor 1s also added 1f there 15 engorgement of pulmonary blood vessels such
38 0ceurs 1n cases of atnial septal defects with overloadng of the lesser carcula
:Dn oryf there 1s pulmonary artertal and arteniolas sclerosis due to pulmonary

Feremia or fivg or with d viscosity of the blood 1 poly
themua, or 1n the. rare cases of falure of the left veateicle and of congenital
uteal stenosis A blueness of the eye grounds Cvanosis retinac may bu a
Telatively carly sign of the morbus caeruleus

“B next most charactenstie and constant S1gn m the severe cases that 15
1 those with well-marked and chronie cyanosts 1s clubbing of the hngers and
foes (Fagure 63) This was noted m 132 of Abbott s serses of 1 000 cases It
12023 greathy m degree a« does cyanosis and bke cyanosss 1s not frequent s
the youngest infants or children 1t develops later than cyanosts

Ma} and faulty develog are not necessary accompaniments of
engenita] heart disease even of the severer types but they have frequently
Yen found. Yo Abbott s series delayed development was noted 150 umes
Faulty serebral growth mental retardation 2nd Mengolian whocy have been
Casionally assocated with congental heart disease Arachnodactyly con
3isting of spuder hike fingers (and toes) and elongation of the enure body 15
€0 1n rare cases of congenital heart disease and hasdly of ever occurs with-
O cardiovascular defects mostly atral septal and aortic walt defects

Edema of lungs and of legs asaies and congestion of the hwer occur m
©neemtal heart disease only 1€ congestive failure supenenes

Cardiac Physical ex of the heart yields signs de
Pendent o the type and desree of the congerutal defects There may be hide
20 evidence of trouble mn the heart even w some of the cases with such
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sertous lesions as the tetralogy of Fallot (pulmonary stenosis ventricular septal
defect dextroposition of the aorta and big nght ventricle) (Figure 64)
There usually 15 but little enlargement mn some cases however the apexm
pulse and the left border of dullness are well beyond the mudclavicular bne
more increased transversely in the fifth 1 space than d m
the sixth or seventh spaces since the mght ventncle 1s enlarged more often
than the left 1n congenital heart disease (Figure 71 opposite page 318) There
may be increase 1n dullness to the night of the sternum usually there b
not unless the heart shows well marked general enlargement or an abnormal
position (dextrocardia) The region of the great vessels shows no abnormal
dullness except with a patent ductus arteriosus or an atnal septal defect when
the pulmonary artery may show itself to be enlarged by percussion m the

TN !
EA

FIG 63 Photograph showing clubbing of the fingers in the morbus cacruleus
(maladie bleue)
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second and third intercostal spaces at the left of the sternum Palpation usually
reveals a more or less normat apex impulse Occasionally there 1s felt a systolic
tholt located at the left border of the sternum mudway between wpper and
lower ends if there 1 a pure wterventricular septal defect somewhat higher
of there 15 puimonary or miundibutar stenosis and maumally m the second
night mtercostal space #f there 1s congemtal subaartic or aottic stenoss There
often 1s & continwous thrill at the left border of the upper sternum o cases of
petent ductus arterjosus

Auscultation may reveal no abnormalities even with serous congewtal

. ]

L]
L.Coronary A |

¢

M tral Valve

LB Aportion of R Vent remavad ¢ Deoper section b sect ng both ventnct s .

TIG 64 Photograph of congenital heart showing vesy farge night ventricle in tetralogy
of Fallot (hundness of Dr Helen Taussiz Johns Hophaas Hospital Baltimore and The

Ommonwealth Fund New York City }
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defects There may or may not be murmurs When murmurs occur they are
asarule systohic in ime and loudest just to the left of the sternum where they
may be very Imited 1n extent, located in the first intercostal space i some
cases of patency of the ductus arteriosus, i the second space with pulmonary
stenosis (n the third space with mfundibular stenosss and m the third and
fourth nterspaces in most cases of mterventricular septal defect (Rogers
murmur) Diastolic murmurs are uncommon as soltary findings they have
been noted where the pulmonary or aortic valve has been defective and i rare
cases of patency of the ductus arteriosus or larger mteratnal septal defects
They may also accompany the systolic murmurs of dilated pulmonary artenes
in cases of Jarge atnal septal defects when they are the result of 3 stretehung
of the pulmonary valve rings—such murmurs are likely to be transient like the
Graham Steell murmur A continuous murmur roanng and machine Iike
h extending throughout systole and diastole wath systolic accenti

tion 1s not infrequently found mn the first three mtercostal spaces Just 10 the
left of the stemum maximal 1n the first space When present it 13 usvally
pathognomonic of patency of the ductus artertosus 1f venous hums transmitted
from the neck and very rare and obvious arteriovenous ameurysms of the
great vessels are excluded such excl 1s easily hed

It 15 important to remember that murmurs and thrlls are very yarsable a¢
companiments of congemital heart defects the larger the defect the Tess Dikely
are murmurs and thnlls to be found A narrow caliber of patent ductus af
teniosus or of mterventricular septal defect 1s much more likely to give nse o
murmur and thrill than 1s a large and much more serious patency which may
show no murmur or thall at all In the case of a stenotic lesson like pulmonr
stenosis or coarctation of the aorta the greater the degree of stenost the more
frequently are murmur and thrill to be found but here too when the defect 15
extreme and there 1s complete atresta murmur and tholl will be absent 0“‘?
must use much judgment therefore 1n the analysts of the findings on Ph)s‘“:,
examination of the heart 1n congenutal cardiac disease 1t 15 necessary 10 depe®
more on other methods of examination W

Heart sounds rate and rhythm are generally not abnormal i cases ‘“s
congenttal cardiovascular defects except mn the case of pulmonary stenost
when the second sound 1n the second left interspace tends to be much duﬂl!(ll
1shed while with ductus patency or atnal septal defect 1t 15 usually accentuate
With failure the sounds may decrease and the rate may mncrease but ma- s
disturbances are rare and arrhythmia 15 very uncommon Premature beal
and paroxysmal tachycardia are scen infrequently Atrial fibnllation 15 “n’xy
unusual There 1s one disturbance of rhythm however which 1s an portZ
though rare accompaniment of congemtal heart disease this 1s heart “"(k
A few cases of unquestionable congenital heart block are on record The b":c
may be erther partial or complete It has been thought to be assocated ‘:‘m
interventricular septal defect and 1n three c1ses with postmortem study or
defect was found to be extensive 1n degree (Wilson and Grant 1926 Y4
1928 and personal communication Abbott 1930)
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Blood pressure The systolic blood pressure 1n congenital heatt disease 1$
not remarkable It tends to be low especially where there 15 an atrial septal
defect or subaortic (or aortic) stenosts or much polycythemia and penipheral
vasodilatation then the pulse pressure also 15 Jow An mteresting finding of 2
fullness of pulse due to low dastolic pressure 15 t0 be noted 1n some cases of
patency of the ductus arteriosus of extenstve degree where a hydrodynamic
situation exists somewhat comparable to that n the case of aortic regurgita
tion Also st 1s an tmportant fact for diagnosis that with coarctation of the
aorta the blood pressure (systolic and pulse pressure) n the upper extremities
1s ugher than that m the lower extremities sometimes {0 2 marked degree
when the coarctation 15 extreme

Roentgenologic study Roentgen ray study of the heart and great vessels m
congemtal heart discase may be a great ard but 1t 15 sometimes of no help at
all and senous cardiovascular defects may exist with no clear indication of
their presence by roentgen ray Positive findings by this method of examnation
may be however the only clue to trouble etther to 1ts existence or to the
particular leston or lesions especrally . differentiating left heart mvolvement
from nght and 1n revealing abnormalities of the great vessels Rught ventricular
enlargement may be revealed more by the so-called coeur en sabot or wooden
shoe shape of heart shadow than by any wcrease in size of the cardiac sithou
ette (Figure 72 page 319) this 1s found especially when the p y
artery 1s hypoplastic (small) as mn the tetralogy of Fallot but not when 1t 1s
large even though the right ventricle 1s very big as with an atrial septal defect
Marked enlargement of the whole heart shadow 15 charactenstic of congemital
wopathic hypertrophy of coronary anomaltes (the left ansing from the
pulmonary artery) and of von Gierhes glycogen storage diseasc (see page
323) Undue promunence of the shadow of the pulmonary artery may confirm
the diagnosis of patent ductus arteriosus (see Figure 80 page 339) When
there 1s no characteristic murmur of patency of the ductus arteriosus bulging of
the pulmonary arc as seen by roentgen ray strongly favors the diagnosis of a
defect in the septum between the atria and the larger the bulge the more Iikely
1s the latter defect Errors have frequently ansen in the past from relying on
roentgenologic rather than on auscultatory evidence of ductus arteriosus
patency Marked dilatation of the vessels 1 the lung hilus shadows helps to
establish the diagnosis of an interatrial septal defect (see Figure 68 page 313)

Increase 1n the shadow of the ascending aorta 15 especially the rule 1n the
tetralogy of Fallot where the aorta 1s both dextroposed and abnormally capa
cious 1t may also be found to a lesser degree with coarctation of the aorta
Decrease 1n the ascending aortic shadow 1s common 1n the case of atnal septal
defects and with aortic stenosis Absence of the aortic arch shadow may be
found 1f there 15 considerable coarctation of the zorta or a nght sided arch
may be visible The esophagus and trachea may be displaced forward by a

nght sided aortic arch and compressed by a vascular ring And finally notch
ng of the ribs may be evident due to dilated intercostal artenes 1n cases of
coarctation of the aorta (see Figure 77 page 332)

oy
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Electrocard, phuc e. In some cases of congental heart disease
the clectrocardiogram 1s normal or so shghtly divergent from the normal that
1t 15 1n 10 way helpful Even negative findings are useful however since they
tend to rule out night sided lesions when there 1s uncomplicated defect of the
mterventricular septum patency of the ductus arteriosus or coarctation of
the aorta There arw three conditions-where the electrocardiogram 1> especially
helpful and shows charactenstic changes The more common of these three
18 nght ventnicular enlargement, usually d either with pul
stenosis most commonly found m that combmation of defects already de
scribed as the tetralogy of Fallot or with nteratrial septal defect These con
ditions give rise to nght ventnicular preponderance often of marked degree I
fact the greatest degree of night ventricular preponderance known 15 found 11
congenital heart disease With thus abnormal night axis dewiation there 18
found usually an abnormal increase of amphtude of the P (atnal) wave The
second ¢h; 1stic el d. hte pattern 15 that showmng abnorma
left axts deviation due to enlargement of the Jeft ventricle m the rare cases of
tncusprd atresia here the electrocardiogram may be the chief clue 1a the
differentiation from the tetralogy of Fallot since both conditions cause €O
stderable cyanosis and finger clubbing The third characteristic electrocardio-
graphic finding 1s 1n the case of mirror prcture dextrocardia the so-calied
heterotaxy (erepos Oppostte and refis arrangement) whether complete &
1solated (that 1s with or without abd wvisceral P also), here
Lead 1 of the el dtogram 15 pletely 1nverted and Leads 2 and 3
are reversed (Figure 65) Isolated congemtal dextrocardia as a matter of 12t
has not been found to occur without other more important congenttal cardio-
vascular defects (Roester 1930) 1t 1s of great importance to be certait that
thus electrocardtogram 1s caused by the position of the heart and not by art fact
due to crossing of the first two lead connections If as occurs in some cases
dextrocardia 1s assoctated with some defect which results m nght +entnculst
enlargement then the electrocardiogram will indicate a marked degree
abnormal left axis deviation but with nverted P waves 1n Lead 1 In cases
the two-chambered heart (cor biloculare) or of the three chambered heart
with one ventricle (cor triloculare biatrtatum) there tend to be biphasie QRS
waves of wide amplitude 1n all three classical Iimb leads and in the P“Cordml
leads Fnally as noted above there are rare cases of congenital heart bloc
exther complete or partial requiring electrocardiography for confirmation «
1s of interest that the ventricular rate n cases of congemtal complete heart
block tends to be rather high 1 the fifties or sixties as a rule and 0 may
obscure the disorder of thythm until an electrocardiogram 15 obtained

Other data Urine Albumnurta 1s common 1 the severer types of wﬂs
genital heart disease partly because of engorgement due to polycythemi Jes
often because of shight to mod. from cardiac <y

The blood Unless there 1s cyanosts or mfection the blood cell ¢
hemoglobin will be normal With a complicating infection polymorp
leukocytosts 1s of course expected With cyanosis and a shunt of veno!
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parailel, to 110 120 130, and i rare cases up to 180 or 200 per cent {25
gm) The reason for these mncreases 1s obvious Since the oxygen saturation of
the hemoglobin 15 low because of lack of contact of a Jarge percentage of the
red cells with oxygen 1n the alveol: of the lungs an increase i the number of
red cells occurs in order to transport sufficent oxygen to the tissues The
oxygen capacity may almost double while the oxygen saturation of the blood
1s nearly halved the result 1s close to a normal amount of oxygen mn the blood
under favorable circumstances

The viscostty of the blood 1s much 1ncreased m polycythemta since viscosty
15 controlled chiefly by the number of cellular elements in the blood It may
be increased several fold This means more work for the circulation and
peripheral vasodilatation occurs 1n part to allow a more complete OXygen
distribution to the tissues and 1 part to rehieve the stram on the heart The
actual blood volume 1s also mncreased 1n polycytherma the amount dependine
on the degree of cellular mcrease

The amount of oxygen and of carbon dioxide in the blood has already been
seferred to (Chapter 10) It 1 normal 1 cases of congenital defects without
unusual communications but there are two abnormal situations dependeat 01
the direction of the shunt venoarterial and arteriovenous

Venoartenal shunts An abnormally Jow oxygen saturation of the hemo-
globin of the arterial blood 1s commion 1n the case of the defects which result
1n venoarterial shunts 1t may reach even the low figure of 58 to 62 pef cent
(Talbott et al 1941} If about one thnd of the venous blood enternf the
night heart chambers 1 shunted directly into the systemic circulation the pef
centage of blue-colored reduced hemoglobn m the artenal blood may be
mcreased to 20 per cent instead of the normal 1 to 5 per cent (or 4 volumes
per cent wnstead of the normal !4 to 1 volume per cent) passing the threshold
at which cyanosis appears A greater shuat than this yields still more reduced
hemoglobn 1n the artenal biood and a greater degree of cyanosis 10 the case
already referred to with very low oxygen saturation of the artemal plood 1t
was estimated that 75 per cent of the blood 1n the heart chambers traversed
the nght fo left shunt (Talbott et al 1941) However it 15 possible for
smaller shunt than that of one third to produce cyanosis provided there 15 3t
abnormally hugh red cell and hemoglobin content [t 15 not the percentas® bt
the total amount of reduced hemoglobin whether onig by shunt m henr:
or lungs or by peripheral stasss that 1s primanly responsible for the zn:moml
color of the blood made obvious by ddated capillary vessels 1f 1n the capt
Jartes there are 5 gm or more of reduced hemoglobim per 100 ec of b y
cyanosis will result With normal red cell and hemoglobin content 35 t©
volumes of reduced hemoglobin 1 the artenal blood will yicld 65 of more
solumes per cent 1n the capillary blood (or 5 gm per 100 ¢c) With pobey
thernia and an increased oxygen content capacity of the blood due 10 mcm\
hemoglobint the same amount of reduced hemoglobin may be present 1B .
capillary blood 10 cause cyanosts even though the actual percentage of 0’;)05:”
umsaturation of the arteral blood due to a smaller shunt may be ony
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15 per cent If 1t were possible for severe anema and a very low hemoglobin
content (and therefore a low oxygen capacity of the blood) to develop
cases of venoarterial heart shunts 1t might be mmpossible to reach the stage
of cyanosts no matter how httle the oxygen saturation of the arterial blood
might be because as much as 5 gm of reduced hemoglobin could not be pro-
duced 1 100 cc of capillary blood The occurrence of severe anemia m the
morbus caeruleus 1s however not hikely since it would seem to be incompatible
with Iife

Two other factors often enter into congemtal heart disease with a veno-
arternal shunt to decrease the oxygen content of the capillary blood One of
these 15 the structural and functional state of the lungs a factor which even
with cardiac catheterization makes difficult any accurate estimation of the
amount of the shunt Polycythera and thickening of the alveolar capillanies
are mevitable accompamments of advanced morbus caeruleus Farlure of
proper oxygenation of the blood 1n the lungs may add 1ts effect to that of a
venoartertal shunt in reducing the oxygen content of artertal and capillary
blood and 1n causing cyanosis The second additional factor consists of the
slowing of the penipheral eirculation which decreases still further the oxygen
content of capillary blood 1 the morbus caeruleus The content of oxygen m
the venous blood follows that of the arterral blood 1n such cases but 1s several
volumes per cent Iower An interesting and mmportant factor that helps to
decrease the oxygen unsaturation of the blood mn cases of night to left shunt
13 the devel P ofa it p Y b hial circula
tion The bronchial arteries and their branches course along the bronch: and
bronchioles parallel to the pulmonary atteries but with a much more tortuous
course They may become considerably enlarged m cases of the morbus
caeruleus particularly the tetralogy of Fallot and thus may bring a good deal

of blood to the ungs for ox, This b htal )f may appear
quite clearly i the x ray pictures of the chest even though the pulmonary
artery and 1ts branches are much d hed m such shad

The carbon dioxide content of the arterial and venous blood 1n the morbus
¢aeruleus tends to be low rather than high (as one might at first have expected
1ttobe) This 1s p ly due to d it whereby the carbon
dioxide which 15 thirty ttimes more diffustble than oxygen 1s pumped out of
the blood 1n the [ungs and also to a tissue acidosis from faulty metabohism
(due to the poor circulatory state) with retention; of bicarbonate 1n the tissues

An mteresting effect of venoarterial shunts on tests of the rate of the circula
tion (see Chapter 10) 15 worthy of note In cases with such shunts in the
absence of heart failure not only1s arm vern to tongue arterioles ttme much
reduced below the usual normal because of cutting out the lesser circulation
from a good deal of the blood flow but the total round trip { arm to tongue
Or arm vem to leg artery) tume may actually be or seem to be slightly faster
than the arm to Iung time as 1n tests with ether

Artenovenous shunts The other 1 fl of cardiac
defects on the blood gases 1s 1n the case of arter shunts larly
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atrial septal defects patency of the ductus artersosus and interventnicutar
septal defects If Jarge enough these defects cause by therr admixture of
artenal with venous blood abnormally high oxygen and abnormally low
carbon dioxide content of the venous blood entering the pulmonary circulation
(Burwell Lppmger and Gross 1940 and 1941)

Cardiac cathefenzation Cathetenzation of the heart chambers and put
monary artery has been discussed 1n Chapter 10 but one should add here that
perhaps its most useful application 1s 1n the diagnosis of congemtal defects
a lugher blood content of oxygen than normal 1s found in the night atrum m
the case of an atral septal defect 1n the night ventricle 1n the case of 2 ven
tricular septal defect and in the pulmonary artery in the presence of a patent
ductus arteriosus Moreaver, the catheter can be passed under fliroroscopy
through an atrial septal openng tto the left atrum or into the aorta m the
tetralogy of Faliot (see Figure 56 pages 228 and 229)

Course and prognosts The course and prognosts of congenital heart discase
vary with the type In cases with relatively unimportant lesions where there
are no shunts for example abnormal chorde tendineae and valve cusps
simple dextrocardia pericardial anomahes shght to moderate coarctation of
the aorta and 1n cases with lesser degrees of arteriovenous shunt through un
complicated patent ductus arteriosts or interventricular septal defect Ufe may
not be handrcapped or shortencd and with all these conditions old age has
been comfortably reached with no cardsac disabihity due to these defects Even
these lestons are however somewhat penilous because of the possibibly of
their being the site of bacterral 1nf pecially of strep I natore
This infectious mvasion serious and n former days so often fatal 1s not vare
patticularly i the case of bicusptd aortic valves of ventricular septal defects
and of patent ductus arteriosus sn Maude Abbott s seres 9 of 32 cases {28
per cent) of the first named 13 of 50 cases (26 per cent) of the second and
21 of 92 cases (23 per cent) of the last named developed subacute bacteria!
endocarditis or endartenitis Gelfman and Levine (1942) found the incidenc
of acute and subacute bacterral invasion In patients over the age of two yeas
with the more 2 d ular defects as follows ‘e
trcular septal defects (Rogers disease) 57 1 per cent of 14 cases patnt
ductus arteriosus 28 6 per cent of 14 cases pulmonie stenosis 29 4 pet cent
of 17 cases brcuspid aortic valves 21 2 per cent of 52 cases tetralogy of F“'k’dl
28 6 per cent of 7 cases coarctation of the aorta 10 per cent of 10 cases a0
atnial septal defects none among 45 cases

In the case of the more serious defects the course 15 difficult and the prot
noss grave Both the difficulty of the course and the seriousness of the Prog
nosis depend on two factors The first of these factors 15 the degred
anoxem:a which 1s indicated to a certain extent by the degree of cyanosts
This anoxemia affects all organs of the body especially the bran and 1h
heart The second factor 1s the amount of direct stram on the heart Twe °'h:r
points are to be remembered Cyanosts does not usu iily appear carly "‘":n
fancy and yet the prognosts at this early age may be bad Morcover, anoxe




CONGENITAL CARDIOVASCULAR DEFECTS 307

and cyanosis are not striclly comparable since there may be a sufficient
quantity of axygen in the blood for the tissues if there 1s a polycytherm2 and
yet there may be also enough reduced hemoglobin to cause cyanosis This
explains why many cyanotic indviduals are not d

The most serous lesions like ectopra cordis abdominahs uncomplicated
transposition of the great vessels the two chimbered heart and pulmonary
or aortic atresia with closed ventnicular septum may be so cnppling that a
muserable existence 1s possible for but a few days wecks or months at best

Sudden unexpected death 15 not a rare termmation 1n the case of infants and
children with congenital heart disease even 1 those who show little er no
evidence of the condition during Iife (Levinson 1941}

The less grave cases of the morbus caeruleus may occasionally survive to
adult hfe or even into middle age if they hwe carefully and are fortunate
enough to escape serious comphications Some striking cases are on record of
long survival especrally one of a noted who lived a useful life to the
age of 59 years and 8 months 1n spute of the tetralogy of Fallot and another of
awoman with marked pulmonary valve stenosis and atnal septal defect who
Ived actively until she died of mght heart failure at the age of 74 years and
11 months Both dragnoses werc confirmed by postmortem examnation and
both patients showed cyanosis and clubbing of the fingers from early child
hood (White and Sprague 1929 White Hurst and Fennel 1950) Limttation
of actinity 13 almost always enforced by the morbus caeruleus because of
d)’:?nca veakness and cerebral symptoms

1

p The chief ) of 1 heart disease are m
fections especrally cerebral attacks—syncope coma 1
and hemiplega due to thrombosts or hemorrhage—t 1al endocarditis or

endatentis and congestive heart fallure These comphcations are often fatal
An analysis of 453 autopssed cases of all ages of congemtal heart disease 1n
RBoston hospitals gave a total merdence of 6 6 per cent affected by subacute
bacteria] endocarditts or endartentis as compared with 16 6 per cent among
those over the age of 2 years (Gelfman and Levine 1942) This dread disease
{snow fortunately i major part preventable or curable because of the advance
I surgical therapy and of the d of p An com
Plication 1n cases with septal defects 1s cerebral infarction or abscess from
Paradoxical embolism
Treatment In the first two editions of this book (1931 and 1937) 1t was
stated that there 15 no curative treatment surgical or medical for congenital
cardiac defects  but notable advances have been made 1n the last twelve years
n several particulars (1) patency of the ductus artenosus 1s now curable by
SUrgery (2) coarctation of the aorta can also be corrected surgically in nearly
all young cases (3) a vascular ring constricting trachea and esophagus can
:’c broken (4) certain mstances of the morbus caeruleus 1n particular the
Eiralogy of Fallot can be greatly helped by surgery and ($) pemscillin can cure
many of the cases infected by the alpha hemolytic streptococcus And other
advances are 1n the offing
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In some cases of congenital heart disease no special care 15 needed though
even the least serious case should be protected agamnst nfection to avord
complicating bacteral wnvasion and pneumonta Since the teeth and gums
harbor mn particular the alpha hemolytic streptococcus the cause of subacute
bactenal endocarditis and endarterttis 1 the vast majonity of cases 1t 1s wise
to protect by penicillin the patients with congenital cardiovascular defects who
are to be subjected to dental extractions or other extensive treatment 300 000
units should be given mtramuscularly 1 hour before the dental treatment
and again 3 hours after

Tonstlectomy 1s probably advisable 11 childhood though not in mfancy
provided the tonstls are diseased and provided there 1s not too great 2 nsk
for operation Protection from fatigue and care to provide suitable diet are
to be urged for the cyanotic cases and for those with much heart stram
Fnally comphications of congestive faulure cerebral lestons and snfections
are to be treated as such by rest 1n bed digitalis as required penucillin 20d
other measures If the victtm of congemital heart disease 15 well protected his
Iife may sometimes be prolonged for many years

b dizg) C | heart disease may resemble two other
conditrons acquired heart disease and pulmonary disease It is to be differ
entiated from the former by the history of 1nvolvement of the heart from birth
of that 1s rehably obtaned and by the charactenstic signs~—certain murmus
heast shape cyanosis clubbing of the fingers and typical electrocardiogras
when such exist (as described above), m a few mstances the differentiation 1
very difficult Acquired heart disease especially rheumauc subacute bactenal
and coronary may be superimposed on congenital cardiovascular defects

It 1s more difficult to differentrate pulmonary disease such as pulmonary
fibrosts with emphysema or pulmonary endarteritis when 1t 1S attended by
cyanosts polycythemia and clubbmg of the fingers from the morbus caeruleus
of congemtal heart discase especiaily if the latter happens not to show chars¢
tenstic murmurs el d; or orthodiag Great care must
taken 1n analyzing such cases

The discovery of congenttal anomalies elsewhere 1n the body favors somé
what the dragnosts of congenital cardiovascular defects when the diff rentiatio?
of the ty pe of keart disease 1s difficult or obscure

The more individual 1 card lar defects should ®
the present day and age (mn striking contrast to a generation 250} usually &
differentiated with ease except 1 infancy It seems hkely that the ratte
diagnosability of 1ndividual defects during mnfancy to that after wfancy I3
about 30 per cent as compared to 90 per cent Rare defects are however 3
a rule undiagnosable

INDIVIDUAL CONGENITAL CARDIOVASCULAR DEIFCTS

It has become possible dunng the present generation chincally to rcco&-;:;'::
the majonty of genital d: lar defects and therefore they
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asstmed an increasing smportance in the practice of medicine They will be

d 1n the foll g order 1 malp of the heart con
genital abnormahittes of the cardiac chambers and septal defects congenital
discase di and valvular defects congenital

penicardral defects congental anomalies of the great artenes and veins and
congenital anomalies of the coronary arteries

CONGENITAL MALPOSITION

Congemtal malposition of the heart includes dextrocardia and ectopia cordis

Congemtal dextrocardia 15 of two main types occurrng with about equal
frequency (1) In the first type without transposition the heart 1s shghtly
rotated and rests in the nght side of the chest The left chambers lie to the
left and anteriorly the nght chambers lic to the nght and postenorly and the
apex1s made up either of the nght ventricle or of the night side of the common
ventncle  Almost invanably m this type there 1s some serous assocrated
congenital anomaly like a single ventncle The prognosts and course of the
congenital heart disease depend on these assocrated anomalies and not on
the dextrocardia (2) The other vaniety of congemtal dextrocardia 15 that
attended by transposition of the chambers whereby the left chambers Le
on the nght side and form the nght border and apex and the rnight chambers
fie on the left side  Almost 1nvanably the abdominal viscera are also trans
posed (complete heterotaxy or situs inversus) With this type of congemital
dextrocardia that 1s the mirror type there are usually no other congemital
cardiac defects at least of serious nature unless the dextrocardua 1s 1solated
that 13 occurring without associated general transpositon of other organs

(Roesler 1930) D ) d by other card lar defects
s unimp limcally It as d dentally on routine physical or
roentgen ray or even by phy and 1n no way
affects activity or duration of hfe A patt sign of this mirror type
of d dia s el d ) of Leads

gemital P

Land aVR and transposition of Leads 2 and 3 aVL and aVF and of the
Precordial leads (Figure 65) An mteresting complication of the situs mnversus
which may 1n some cases be regarded as a stigma of an assoctated congenital
mald P 15 bronch: which was found 1n S of the 23 cases of
the situs inversus (21 7 per cent) recorded at the Massachusetts General
Hosputal 1n the fifty years from 1886 to 1936 while of the general hospital
Population over that period of ime bronchiectasts was diagnosed n but 03
et ent (Churchill and Adams 1937)

“topia cordis a very rare defect consists of the malposition of the heart
Outside of the thoracic cage erther 1n the abdomen or actually projectng out
side the body wall It 1s of academic interest only since attempts at surgical
Comrection have as yet been unsuccessful and hfe 1s almost mvanably very
brief 5 matter of 1 few days or at best a few weeks

o
>



310 HEART DISEASE

CONGENITAL ABNORMALITIES OF CARDIAC CHAMBERS
SEPTAL DEFECTS

Congenital abnormaltties of the cardiac chambers mclude complete and
partial absence of atrial and ventricular septa  These defects may be umm
portant discovered only at postmortem examunation after a long and actrve
Iife and unsuspected before death or they may be of great importance per
mutting only a few hours or days of existence after birth The degree of th
defect and complicating abnormalities determine the smportance of each lesion

Atnal Septal Defects

Atnal septal defects are much more numerous than any other anomaly
m congenital cardiovascular disease In Abbott s senes of 1 000 cases there
were 402 ndviduals with openings between the atria which included troe
(not shit ke) patency of the foramen ovale (290 cases) persistent ostiim
primum m the lower part of the septum (36 cases) persistent ostium secul
dum mn the upper part (19 cases) multiple defects (28 cases) and completé
absence of the septum n the biloculate heart (14 cases) or 1n the triloculate
heart with ope atrium and two ventricles (15 cases)

Patency of the foramen ovale 1s of the least importance and greatest fre
quency of all congemtal cardiac abnormalities ‘The foramen ovale 1s 2 vahe
Tike opening between the atna developing from the ostum secundum of the
embryo and functiomng mn fetal life to allow the passage of considerable
blood dircctly from venous to artenal circulation without gomng through the
lungs It closes soon after birth and usually becomes sealed within the first
three months of ife In many cases 1t remasms anatomically shghtly patent as
a valve skt but as such 1t 18 functionally mactive When the shit opening B
small the patent foramen ovale 1s of absolutely no mportance but if 1t 5
moderately large and the nght atrial pressure 1s much rarsed venous blood m3y
pass into the left atrium and even occasion shght cyanosis Clinically um?
portant patency of the foramen ovale has been reported 1 nearly one quart?!
of all autopsied cases (with a range from about one eighth to one third) .

In a few cases the foramen ovale remams really patent and i such cases)
may prove to be of some importance In one scries of 500 hearts (250 f“’”;
white and 250 from Negro subjects) probe patency of the foramen ovale “1::
found n 85 cases (17 per cent) while 1n only 2 cascs (0 4 per cent) did 1 .
valvula foramims ovahs actually fail completely to cover over the !cmﬂ;:]
ovale (Setb 1934) Wide patency 1s usually associated with and probd y
caused by other more 1imp ! ) such as pulmona®
stenosis or transposition of the great artersal trunks or with acquucd m(’)‘{’:
stenosis and these other defects determine the course and prognosis

et
The terms “atnal septam” and “ventnicular septum are wsed mterchangeably with
atnal septum™ and “Interventncular septum™ respect vely
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FIG 66 Diagram of atrial septal defect (kandness of Dr Helen Taussig Johns Hopkins
Hospital Balumore and The Commonwealth Fund New York City )
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senies of 290 cases of patent foramen ovale \Abbott 1931) only 40 were
instances of pure or pnimary patency

Atnial septal defects of importance are those that 1nvobve relatively large
areas of the septum (1) The promine ostum primum m the lower part of
the septum (36 cases 1n Abbotts senes of 1 000 individuals wath congenital
curdiovascular defects 18 of the 36 complicating other defects) or (2) the
prmitnve ostum secundum {(from which the foramen ovale develops) i the
upper part of the septum (19 cases of Abbott s series 9 of which complicated
other defects) or (3) absence of the entre atrial septum gwing a three
chambered or trifoculate heart (cor triloculare buventriculare) if there are two
ventricles orat hambered or biloculate heart (cor biloculare) if there 1s
but one ventnele (15 cases of the former and 14 of the latter in Abbotts
senes) Females showed a shght preponderance (44 to 35) 1n these three
categories of atnal septal defect 1n Abbott s senes  All these Iesions are more
setious than patency of the foramen ovale persist from an eather stage of
fetal Iife and are often I d by other hes P of the
astium primum 15 not only more common than that of the ostium secundum
but 1t 15 also much more serious (Figure 66 opposite page 310)

The explanation of the mcrease in size and work of the night heart chambers
1 these cases 1s that extra blood often in Jarge amount enters the nght
atnum from the left atnum through the septal defect thus direction of flow
has been assumed to be due 10 a shghtly Tigher pressure 1n the Jeft atnium but
Uhley (1942) has shown that an mmportant perhaps the most important cause
of thus direction of flow 1s the effect of grawity the nght atrium being anatom-
cally situated below the left, the septum lying more or less honzontally

In the cases of persistence of the primary and secandary ostia there may
be no symptoms or signs and the subjects may Live fairly Jong lves though
1ot so fong as those with foramen ovale patency Enlargement and failure of
the nght ventricle are however common Loud systohe murmurs rarely ac-
companied by thrlls are found 1n most of the cases chuefly in the pulmonary
Valve area Years ago they were ascribed to the septal defect itself but 1t has
become evident that they are due to the dilatation of the pulmonary artery
which 15 dary to the d pul y 1 ortoa P
Ing mutral valve defect With large atnal defects the electrocardiogram shows
marked right axis deviation (Figure 67) and the rocntgen ray shows enlarge
ment of the nght atrum night ventricle and pulmonary artery and 1ts branches
large and small and also hypoplastic aorta (Figure 68) 1t 1s probable that
!1 s0me cases at least twice as much blood passes through the pulmonary
cireulation as through the systermc Paradoxical embolism may occur Cyanosis
s infrequent but may appear as an occasional or termunal event when the nght
atnal pressure becomes greater than that in the left atnum or constantly if
there 1s @ complicating pulmonary stenosss

An analysis of 53 cases of atrial septal defects 10 with necropsy control
(Bedford Papp and Parlinson 1941) showed a preponderance of females
I the ratio of 4 10 1 the age of death mostly from 30 to 50 years and the
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cause of death in the autopsied cases congestive heart failure 1 3 pulmonary
mfarction 1t 2 embolism (one paradoxical) m 2 subacute bacteral endo-
<arditis (a very rare complication) 1 only 1, bronchopneumoma i 1 and
surgical operatton n 1 the upper part of the septum was 1nvolved 1n 8 of these
10 cases A pulmonary systolic murmur was found 1n 32 of the entire senes
and an accentuated pulmonary second sound 1n 31, followed by a diastolic
murmur (probably due to a stretching of the valve rmg) 1n 10 Slght or late
cyanosts was present m 31 cases Excessive pulsation of the lung hilum was
noted by roentgen ray n 31 of the 50 cases so studred but a hilar dance was
observed m only 5 Normal rhythm was the rule bemng present m 47 cases

A7)

FIG 67 Eleclrocardlcgram n a case of amal septal defect female -xe
Brpolar hmb leads 1 2 and 3 () unipolar hmb leads aVR aVL and aV!
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Rught ventrrcular preponderance was present 1n the electrocardiogram n 41
cases and complete right bundle branch block in 5 others
‘When there 15 but one atnium  Iife 1s generally much limted but some cases
of remarkable longevity are on record with few symptoms or signs Cyanosts
1s the rule thrlls and murmurs are infrequent and dyspnea 1s inconstant
Of 5 cases with one atnum and two ventricles cited by Abbott one lived to
the age of 31 years the mean duration of hife was 6 years Of 9 cases with
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FIG 68 Roentgenogram of thorax of case of congemtal defect of the mteratnal
®pum showing extreme degree of dilatation of the pulmonary artery and its branches
tight and left along with enlargement of the right ventricle Note the shadows of cross

seclions of arteries Small aorta (kundness of Dr Hugo Roesler Temple University
Philadelphia )

One atrm and one ventricle the oldest case was 16 years at death and
the mean age was 314 years

A very interesting association 1s that of mutral stenosis with a defect of the
inferatrial septum (Abbott 1915 Lutembacher 1916) There 1s a combmed
effect of both lesions The left atnium tends to remaimn small and the nght
atrium becomes very large receiving as 1t does the extra blood from the left
Anum as well as from the great vemns There have been noted murmurs over
the sternum Or just to the left presystohic and systolic in ime ascribed to the
Passage of blood through the septal defect but it is naturally difficult to ”
differentrate such murmurs from those due to the mutral valve disease and
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transmitted thither certainly the most common cause of the basal sy:
murmur 1n such cases 1s dilatation of the pulmonary artery which 1s nvar
present The congemital deficiency of the atnal septum has been given ¢
for relieving, somewhat the burden imposed on the pul 'y it
night ventricle by marked mutral stenosis and thereby aiding the prolone
of Iife Remarkable cases of this combmation of mutral stenosis and :
septal defect are on record 1ncluding that of a woman of 74 vears of age
had passed successfully through eleven pregnanctes and three abor
(Firket 1880) awoman of 61 years who had gone through seven preena:
without heart failure (Lutembacher 1916) and two other cases aged 74
62 years respectinely (Bonmabel 1906) However interatral septal de
alone 1f latge mpose a sertous burden on the nght heart and pulme
curculation and therefore 1t does not appear Iikely that they can aid mu
relieving the heart or Iungs in the presence of mutral stenosts except prot
to prevent attacks of acute pulmonary edema which are an nfrequent
distressing complication of tight mutral stenosis when the heart beats
rapidly
A large atnial septal defect 1s always to be suspected when there 1s the ¢
of a loud pul 'y systolic (not continuous) murmur, md

promimence of the pulmonary artery and lung hilus shadows and small 2
shadow by roentgen ray and pronounced right ventricular preponderanc
electrocardiogram 1 a person 1n farrly good health save for a vasiable am
of dyspnea In differential diagnosts 1t may be said that the cor pulmonale
to pulmonary disease or endartenitis gtves less nght axis deviation and
lung hilus engorgement while mutral stenosts 1s of course attended b!
charactenistic diastolic murmur

Surgieal correction of uncomplicated but important atrial septal defec
now on trial and has been successful 1n a few cases (Murray 1948)° Cot
tion of the atrial septal defect was done by passing sutures through the ant¢
wall beginning to the night of the aorta and pulmonary artery to €M
postentorly through an area between the superior vena cava and rteht
monary veins These sutures were tied together posteniorly drawn taut
tied down firmly thus compressing the antenor and posterior walts of
atnia In one of the cases described the nght atnum dimmished to atl
one half its size 1n two minutes the patient s condition was mproved

b

Ventncular Septal Defects

Next in frequency after atnal septal defects come veninicular septal dufe
of which 1n Abbott s serics there were 315 instances ncluding Jocahzed 0}
mgs 1solated or compl d (274 cases) plete absence of the scp
m the biloculate heart (14 cases) and in the trloculate heart with
ventricle and two atnia (27 cases) !

Localized ventvicular septal defects are generally associated with ©

s
31n March 1951 Murrav (personal commumication) stated that be had rﬂ"m "
operstion of closure of an atral septal defect in seven cases with considerable e
three some improvement an two and death n two
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transmitted thither certamnly the most common cause of the basal systol
murmur in such cases 1s dilatation of the pulmonary artery which 15 mvanabl
present The congenital deficiency of the atrial septum has been given cred
for relteving hat the burden imposed on the pul 'y lation an
night ventricle by marked mutral stenosts and thereby aiding the prolongatio
of lfc Remarkable cases of this combination of mutral stenosis and atri
septal defect are on record ncluding that of a woman of 74 years of age wh
had passed successfully through cleven pregnancies and three abortion
(Firket 1880) awoman of 61 years who had gone through seven pregancie
without heart failure (Lutembacher, 1916), and two other cases aged 74 an
62 years respectively (Bonnabel 1906) However interatrial septal defect
alone 1f large 1mpose a serious burden on the mght heart and pulmonar
circulation and therefore 1t does not appear likely that they can aid muchu
relieving the heart or lungs m the presence of mtral stenosis except probabl
to prevent attacks of acute pulmonary edema which are an nfrequent by
distressing complication of tight mutral stenosis when the heart beats tof
rapidly

A large atnal septal defect 1s always to be suspected when there 1 the com
bination of a loud pulmonary systolic (not continuous) murmuf marhet
prominence of the pulmonary artery and lung hitus shadows and small aortt
shadow by roentgen ray and pronounced mght ventricular preponderance b
electrocardiogram n a person 1n farrly good health save for a variable amout
of dyspnea In differentral d 1t may be said that the cor pulmonale 4%
to pulmonary disease or endartentis gives less nght axis deviation and lest
lung hilus engorgement while mitral stenosts 15 of coursc attended by 1
charactenstic diastolic murmur

Surgical correction of uncomplicated but important atrial septal defects ¥
now on tral and has been successful 1n a few cases (Murray 1948)  CoTe
tron of the atnal septal defect was done by passing sutures through the antenc!
wall begmming to the night of the aorta and pulmonary artery to emer™
posteniorly through an area between the superior vena cava and neht pu[d
monary vetns These sutures were tied together posteriorly drawn taut an
tred down firmly thus compressing the antenor and posterior walls of lh:
atria In one of the cases descnibed the nght atrum dimnished to at leas
one half its size 1n two mnutes the patient s condition was 1mproved

Ventricular Septal Defects

Next 1 frequency after atral septal defects come sentncular septal dfff“:
of which n Abbott s series there were 315 instances including Tocalized "l:m
ings 1solated or complicated (274 cases) complete absence of the P o
in the biloculate heart (14 cases) and in the tnloculate heart with ¢
ventricle and two atria (27 cases) dhet

Localized ventnicular septal defects arc generally associated with o

ed ¢
31n March 1951 Murtay (per<onal commum aton) stated that he hid l""r{:’:“gm «
operation of closure of an atrial septal defect 1n se en cases with considershle 1mp
three some mmprovement 0 two and death It vo
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congenital defects and are almost nvarsably found at the base of the heart
Just below the aore valve 1n the region of the so-called undefended or
fibrous space Of the series of 274 cases collected by Abbott the ventricular
septal defects were n this basal postron 1 all but 17 and these 257 basal
defects comphicated other abnormahities 1n 207 cases leaving 50 ipstances of
the pure defect. Seven of the 207 complicated cases had but a sght sided
(dextro-) posttion (Rechtslage) of the aorta as an addiwonal defect, con
sttuting the Essenmenger complex while §1 had pulmonary stenosis with
aortic dextrop m 32 g the logy of Fallot These com
plications are important 1 that they favor cvanosis the dextroposiion of the
20rta 15 especially significant 1n thus respect The sexes are about equally
represented 1n pure interventnicular septal defects of Abbotts senes of 50
@ses 21 were male 26 were female and the sex of 3 was not stated

The pute ventricular septal defect 15 usually small and more or Jess cir-
cular or gval 1 to 2 cm n diameter (Figures 69 and 70) Tts septal edge 1s
ofien thickened and fibrous and the endocardium of the night ventricular wall
opposite the openmg 15 also sumlarly affected probably by the repeated
mpact of the blood stream from the left venincle The nght ventacle 15
wsually somewhat enlarged (hvpertrophied and dilated) and the pulmonary
attery 15 <lghtly dilated the left ventnicle also may be bigger than normal

e shunt through the uncomphcated septal defect 1s arteriosenous that 1s,
Ieft to nght except under unusual conditions

There are no svmptoms of pure ventncular septal defects unless they are
very large and 1n rare cases there are no signs Usually however there 15
2 loud blowing systolic murmur heard best just to the left of the midsternum
2nd not widely transmutted When the murmur 1s very loud there 15 a palpable
thall akso but ths 1s occasionally absent Cardiac enlargement may or may
Bot be evident on physical examination and by roentgen ray The electro-
cardiogram s normal except 1n a few cases with abnormal nght axis deviation
and 1n rare cases i which the septal defect 1 associated with abnormalty of
the atnoventrcular bundle (of His) with resulting congemtal heart block.
Cyanosss 1s rare an the case of uncomplicated ventnicular septal defect and 15
practically anly a termunal condition the shunt being reversed to become
senoartenal or night to left when the nght ventricular pressure exceeds that
n the left ventncle 1n preumonia of some other such complication Infre-
quently when the septal defect 1s large the whole heart moy be much increased
i stze and fail with ct 12 signs and d
dispnea

An ssolated interventricular septal defect has been called Roger s disease

(Rogee 1879) and the murmur caused by this defect has been called Roger s
murmur

Roger H “Recherches climques sur la communication congenitale des deux ceeurs
Par inocclusion du septum interventneulaire ® Bull de TAcad de med 1879
2meser VI 1074
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The following conclusions of this ortgmal publication are of nterest (translation
by myself)

1 There 1s a developmental defect of the heart from which cyanosis does not
result 1 spite of the communication between the two ventncular cavities 2nd
spite of the free mixture of venous blood with artensal blood This congenital
abnormality which 1s compatible even with a long life 1s a stmple one without
the of { pul; y stenosts It conststs of a defect (opening)
1 the interventricular septum

F16 70 Photograph of the heart of a boy showing a congenttal intervensricular septal
defect of small size just below the aortic valve The child had a typical loud systol
murmur (Rogers murmur) with thril at the left border of the sternum maximat 1
the theed and fourth ratercostal spaces

*2 It 15 mmportant to distinguish this cardiac anomaly which I have recently
been the first to study climeally not only from other malformations but especrdly
from acquired heart disease It 1s revealed only on auscultation by a physncal sign
with very special characters thus 1s a long loud murmur (produced by the Ppassage
of blood through the interventricular opening and directly 1nto the pulmonary
artery or the aorta the site of which 1s frequently abnormal in these cases) Ths
murmur 15 uncomplicated by other murmurs 1t begins with systole and 13 P“:"
Tonged to such an extent that 1t entirely covers the natural tic tac of the normc(
heart sounds It has its mauimum tntensity neither at the apex (as the case
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lestons of the aunculoventricular onfices) nor at the base to the night (as
aortic stenosis) nor to the Jeft (as i pulmonary stenosis) but over the upper third
of the precordial regron It 1s chiefly medtan i posiioa like the septum itself and
from this central pont 1t durunsshes in ntensity uniformly as one moves the
stethoscope over the chest The murmur s not transmutted to the vessels It
councedes with no other sign of organic disease except the harsh thrill which ac
companies it This murmur 1s the pathognomonic sign of an interventricular septal
defect

3 The differennal diagnosis of this matformation (until now unrecogmzed or
confused with other congenttal or acquired lestons) will be henceforth rendered
easy by attentive comparison of the physical signs These signs vary in number site
and characteristics 1n heart disease when structural changes are multiple pro-
gresstve and changing while the murmur i queston Ike the permanent un
chan.ing leston causing 1t remams without modification for an indefinite time
The same statement ts true m companng this murmur with signs of functional
disorders such signs are very vantable accordimng to the diverse periods of cardiac
weakness and they are totally disstmular mn their acute or chronic nature from
the constant signs of defective interventncular septum which change hardly at
21 with the years and increase only very slowly and almost insensibly

4 The consideration of the age of the subject 15 a capital pownt 1n the diagnosis
endocardwys for example shows wtself almost never i nfancy before the age
of two years and on the other hand the anemua of very young children 1s almost
never attended by a heart murmur The result 1s that a murmur in a nursing infant
15 almost a certam indication of an anomaly of the heart or great vessels

5 The prognosts 1s m general less grave in the malformation described above
than 1 ather organte diseases of the heart 1 which the danger for chidren s
greater and nearer pernmtting hopes for scarcely more than another decade of hife
In spite of the presence of an uncomplicated mterventnicular septal defect
dividuals can reach and even surpass the average duration of buman hie

& An exact diagnosts ordmanly demands i heart disease an acuve persistent
treatment If on the other hand there 1s 2 congermtal malformation of the heart
Yigorous treatment 1s useless and even barmful To show thanks to precision m
diagnosis when to act m one case and when to refrua i another 13 to render
a service not only to physicians but also to patients

1t 15 of mterest to note that Roger first descnibed the condition and murmur
that yo by lis name without having correlated in the same patients chmcal
and postmortem data He had made observations cluucally and pathologically
but not m the same cases Later however his deductions were confirmed

Although an wntersentricular septal defect is theoretically not a serious
leston 1t 1s a handicap wiuch shortens Ife In Abbotts series of 50 pure
cases the mean duratton of Iife was only 141/ years, the oldest case betng
49 years old One of the chref reasons for thus shortening of Iife has certainly
been 1 the past subacute bacteral endocardiis which Gelfman and Levine
(1942) found to have complicated 57 per cent of 14 autopsied cases With
prophylactic use of pemcillin and of other new speaific therapy agamst in~
fections this situation will be radically changed and the prognosis will doubt-
Tess be very muck bughter especially since the septal defect ntself causes
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relatively Iittle strain on the heart Protection of such a patient 1s especially
needed at the tme of dental extraction when 300,000 umits of pentcillm
should be mjected intramuscularly 1 hour before the extraction and agan
3 hours after to get nid of any alpha hemolytic streptococer that may get mto
the blood stream If sub bactenal ditis 1s already present m
volving the edge of the defect n the nght ventricle or the tncuspid valie or
adjacent ventncular endocardium opposite the opeming pemcillin in lar e
dosage (800 000 to 1,000 000 units a day) should be given for several weeks
or if meffective multiphied several times or supported or replaced by strepto-
mycin For details of thus therapy consult Chapter 15 Subacute Bacterl
Endocarditis
Treatment of a pure isolated ventricular septal defect by surgery wis
hardly dreamed of when the first three editions of this book were published
but now 1t 1s only a matter of time before such correction becomes a practical
toutine alrendy ammal exper on has d rated 1ts possibility
and the first successful attempts have been made in man (Murray 1948) *
The technic as described by Murray consisted of ntroducing a stnp of fasciz
Iata 1nto the nght ventricle and attaching 1t to the septum The details of this
delicate operatton are described by lim m the Anmals of Surgery, 1948
XXVIII 843
Stll more mportant will some day be the prevention of this as well a8
other 1 card 1 by the prevention or early cure of
diseases wirus (Itke rubelia) and otherwise that beset the mother dunng the
cntical stage of the fetal heart development m the first tnmester of pregnancy
The tetralogy of Fallot This cc of all of congenttal
cardiac defects and one of the most serious has already been presented 12
part as an interesting and charactenstic malformation 1n the early pages of
this chapter (page 290 and Figure 64 page 299) but 1t belongs m the group
of ventricular septal defect vanations and so will be further discussed here
(Figure 71) As noted above the four essentials of this relatively common
anomaly are (1) a high ventricular septal defect (2) a dextroposed aorta
overnding the septal defect (3) stenosis of the pulmonary valve or of the nght
ventricular mfundibulum below 1t and (4) a much hypertrophied nebt
ventricle It was encountered in 85 of Abbotts 1 000 autopsied cases of
congenstal defects of heart and great vessels There are always cyanosis and
finger clubbing from earliest childhood often 1ntense the cyanosis being 10
creased by exercise which readily distingwishes it from the slaty blue color
of argyna which 1s decreased when the skin flushes after exercise Shortness
of breath a tendency frequently to squat weakness and famtness or €3¢0
yncope are usual symp A mod to Joud pul y systohc murmur
on auscultation blunt shoe shaped heart with promnent aorta and decreased
pulmonary vascular shadow on X ray examnation (Figure 72) and marhed

4By March 1951 Murray (personal commun cation) had operated to close ventst vlg
septal defects 1n 13 cases with clear evidence of success in 7 (disappearance of murmut dectl
of heart size aboliuon of shunt as shown by cardiac catheterization and ncrease of enc

3 cases died
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nght ventricular prepond by electr d (Figure 73) 1

the diagnostic evidence Polycythemia and excessive hemoglobin even up to
double the normal are n accord with the intensity of the cyanosis Cardiac

cathetenization quickly reveals the dextroposed aorta into which the catheter

FIG 72 Roentgep film of the thorax m a case of tetralogy of Fallot

readily passes There may be the complication of patency of the ductus
arteriosus with the tetralogy of Fallot and 1if so there 15 much less cyanosis
There 15 m such cases a contnuous murmur to the left of the sternum with
the aorta 1n 1ts ordinary position but with a nght sided aorta the murmur 1s
to the right of the upper sternum

The prognos:s of the tetralogy of Fallot 1s generally bad for a long Ife the
average duration in Abbotts series of 85 cases being 12 years but a few
Patients reach middle age and one established the record of 59 years and
8 months (White and Sprague 1929) Fatal complications include cerebral
abscess cerebral ¢ bactertal end d ry infe and
night heart failure
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The treatment was stated 1n the first three editions of this book to be only
ordinary commion sense protection of a cardiac cripple but n the few years
that have elapsed since then a great advance has been recorded Blalock and
Taussig m 1945 mtroduced a surgical operation that has greatly amehorated
the symptoms and signs of the disease although they have not cured it The
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procedure consists of the anastomosts of the nght or left subclavian artery or
a fow mstances of the innomnate artery to one of the pulmonary arienes
thereby bringing biue blood into the Jungs for oxygenation largely if not
wholly rehieving the cyanosts dyspnea weakness polycythemia and clubbmg
of the fingers 1n 2 most dramatic way At the time of writing 1 045 cases of the
morbus caerulens mostly consisting of the tetralogy of Fallot or some vanation
thereof had been subjected to this opezation 1n Blalock s chinue with a mortality
of approumately 18 per cent and 2 high degree of mmprovement m the
majnty of the survivors (Blalock personal cormmureation 1951)

Asother techme to md the victums of the tetralogy of Fallot in a simularly
effective way has been ntroduced by Potts {1946) and consists of 2 somewhat
simpler procedure of side to side anastomosts of aorta and pulmonary artery
Thss operation of Pouts has one particular advantage over that of Blaleck
10 that 1t may be easily carnied out i very young mfants who might reacily
expire as a result of the tetralogy of Fallot before they reach the age in which
Blacock s amastomotic operation 1s feastble In both types of operation how
ever 1t should be noted that a new defect has been introduced by the surgical
procedure amounting essentially to a left 10 nght shunt which acts Iike an
aritnovenous commugication to mcrease the work of the heart Taussig
(1948) has demonstrated by x ray the icrease 1n heart size that follaws the
operation even while great smprovement 1s shown by the chuld Also a con
tinuous murmur resemblng that of a patent ductus artenosus tesults from
the op Despste this unf: bie pont the hie of these children has
undoubtedly been prolonged thongh just how much # 1 sull impossible to
say The most suttable age for either of these two surgical procedures is
probably between 6 and 18 although successful results have beer noted earhier
and Iater A more recent surmeal procedure has been mtroduced by Brock
{1948) and consssts of valvuk y of the d pul vy valve the
clearng of cyanosts has been noted m a few cases but it 1s st} to0 early to
evaluate thes thesapy

An important though not very pl of the logy of
Fallot 15 sub bactenal endocarditis and therefore the same advice about
the thy and prophyl use of p Min gren for a localized pure
ventrioular septal defect (see above) should apply here

Finally as stated 1n the general discussion of congenstal heatt disease the
st important consideratton of all 1s that of the prevention of such a mal
formation as the tetralogy of Fallot This will doubtless depend n lasge
measure on the protectian of the mother from vanous deletenous nfluences
mcludmg virns snfections {such as rubella) dunng the first three months of
pregnancy

The Elscnmengel complex Another but much rarer vanation of the group
©of ventricutar sepial defects 15 that descnbed by Euserumenger (1897) con
sisting of this defect overndden by a posed aorta and d by

2 large nght ventnicle but wath no pulmonary stenowis There were only 7
such cases n Abbott s senes of § 000 in contrast to the 85 pateents with the
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tetralogy of Fallot The symptoms and signs are much the same however
m the two conditions though generally less pronounced 1n the case of the
Essenmenger complex which lacks the loud pulmonary systolic murmur and
which also shows a normal or even hat p pul ry vascular
tree on X ray examumation

The prognosis with this complex 1s still not good but 1n Abbott s series was
far better than that of Fallots tetralogy the mean age being 25 years as
contrasted with 12 years On the other hand there 1s as yet no surgical
correction here because a considerable amount of blood does go to the Jungs
the difficulty consists in the equally Iarge amount of blue blood that entess
directly into the systemic circulation

Entrre absence of the ventricular septum so that the heart is three chambered
(cor triloculare b or tvwo chamt (cor biloculare) 1s rare Svs
prsingly efficient circulation 1s possible even with such marked deformity and
cases surviving to adult life are on record Although n these cases there 18
but one ventricle the course of the two blood streams entering it from the
atna 1s often so directed 1n relation to therr ifiow and outflow tracts that they
may actually mix but relatively Iittle and so not conduce to much of any

or duately sertous disabulity of the circulation In Abbotts series
of 5 cases with one ventnicle and two atna one Inved to be 31 years old and
the mean age was 6 years There are usually no murmurs or thulls i such
cases the cyanosts may be but slight or even absent and the heart may be but
Iittle enlarged renderiny, the d difficult or impossible The cor biloct
lare occurred n 9 of the 1 000 cases of Abbott s senes, the mean age at death
was 314 years and the oldest case ltved to be only 16

To be hed from a | wnterventricular septal defect there
occurs rarely a septal defect due to nflammatory ulceratron throngh the
upper septum 1n bactenal endocarditis or following coronary thrombosts Such
a lesion 1s relatively small and usually of little importance as a compheation
of fatal bhacterial endocarditts but it 1s a factor of added and serious and
usually fatal strain m acvte myocardral infarction

An mteresting and important rare complication of an mterventricular septal
defect 15 congemtal heart bloch which has never been found without s
structural lesion 1n atself 1t 1s not sertous and 1s apparently compatible wiih
a long Iife and full acuvity (Campbell 1943) (sce Chapter 34)

Anomalous papillary muscles and chordae tendineae In rare hearts these
exist ummportant anomalies of the papillary muscles and chordac tendincac
for example a papillary muscle found attached to the pulmonary valve 1 the
routine autopsy of a man 69 years old (Colins 1931) and a chorda tendmea
extending across the left ventricular cavity from a small papdlary muscle of
1ts 0w to be attached well up on the aortic cusp of the mitral valve m 2 Mt
of 40 years (Hamilton and Byers 1899) The only importance of such cases
lies i the occasional occurrence of unusual snapping ntrasystolic sounds of
twanging systolic murmurs which may cause undue apprehension
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CONGENITAL MYOCARDIAL DISEASE

The heart muscle may be involved congemitally 1 a variety of ways The
most conumon change 1s that of hypertrophy, with or without dilatation sec-
ondary to vanous valvular septal and vascular defects (for example pul
monary stenosts Jarge interatrial septal defect coarctation of aorta) This
respense to mcreased work and strain 15 comparable to that found m acquired
valvular heart disease and chrome hyperpiesia The muscle fibers are hyper-
trophied 1n whatever heart chambers are under particular stramn the nght
ventricle being by far the most commonly affected compared wath the situation
adecade or two ago There are now but few cases of enlargement of ths sort
that are unexplained these are grouped as congenttal idiopathic hypertrophy
There have been slowly separated from this group three other mjyocardsal
changes that are of importance One conststs of necrosis and fibrosis assocrated
with hvpertrophy explained on the basis of (1) infection and (2) anoxia
and most clearly evsdent n mnstances of very faulty anomalous blood supply
as for example when the left coronary artery anses from the pulmonary
artery A second myocardial change 1s that of the deposition of glycogen in
large amounts 1n vacuoles 1n the heart muscle 1n the so called glycogen storage
disease (von Gierke's disease, von Gierke 1929 Pompe 1933) here the
enlargement and glycogeruzation of the heart (Figure 74) are but part of
the systemic discase of faulty glycog bol. with similar 1
of other organs in the body (especially the hiver) fasting hypoglycerma failure
of hyperglycernic reaction readily ehated ketosis and ketonuna and early
death The third myocardral condition recently recogmzed 1s the dlatation
With secondary hy pertrophy occurning in very young mnfants due to excessively
fast heart rates paroxysmal tachycardia (Hubbard 1941) (see Chapter 32)

C diopathic hyp phy of the heart One of the least common
¢ongemtal anomahes of the heart 1s that which has been called 1dtopathic
hYPemophy The actual number of cases of congemtal wdiopathic hyper
trophy has been steadily shrinking m recent years because of the special
Studies which have separated from 1t the rare cases of glycogen storage disease
(von Gierke s disease~—see above) myocarditis apparently of infectious ongin
(kugel and Stoloff 1933) nstances of extensive myocardial necrosis with
fibrosis such as that occasioned by a very abnormal coronary blood supply
(Bland White and Garland 1933) and cardiac enlargement secondary to
fvrmerly unrecogmized paroxysmal tachycardia of excessively fast rates
lcnfancy (see above and Chapter 32) There still remamn a few unexplaned

ases

The heart 1n hypertrophy (1diopathic or not) s frequently two or
theee times the normat weight (75 gm for example 1nstead of 25 gm at the
ge of 4 months) and may also be considerably dilated In one of our own
cases found to be due to glycogen storage disease the heart weight was five
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times the normal 175 gm 1nstead of 34 (Figure 74) The cardiac enlargement
1s easily made out on physical and by ray The heart
shadow 1s umformly enlarged and roundish m shape promunent to nght of
the midhine as well as to left and without particular dilatation of the atria or
great vessels (arteries or veins) The elect diogram 1 pliated cases
1s not remarkable but with coronary anomalies 1t may be very abnormal (se¢
end of this chapter)

The male sex 1s more frequently wnvolved than the female The course 15

o !

i
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FIG 74  Congenstal hypertrophy of the heart due fo glycogen storage
disease Thus heart of 2 7 month-old nfant weighed 175 gm imstead of
normal of 34 gm for this age Both ventricles were enlarged but the shape of
‘was not significantly altered from the normal

(von Grerkes)
f the averast
f the hea't
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progresstvely a downhull one with symptoms and signs of circulatory em-
barrassment and weakness during the first year of life Death comes rather
suddenly or after dyspnea or sy venous at about
six months to a year or two of age the oldest patient of Abbott s series of 10
hved only four years

There 15 no treatment as yet but further study will doubtless reduce still
more the number of cases of congemtal idiopathic hypertrophy that are wholly
unexplaiped

CONGENITAL ENDOCARDITIS AND VALVULAR DEFECTS

Although acute endocarditis has been noted in the fetus and 1n the nfant
atbirth 1t 1s the late result of such mflammation that 1s much more frequently
seen and which doubtless explains some congemital cardiac defects Occasion
ally m cases with pulmonary stenosis aortic stenosts and other congemtal
valvular Jesions and rarely even n hearts without such lestons the endo
cardium hining a part or the whole of a heart chamber may be thick and white
due to marked fibrosis the only adequate explanations of which are 1n most
cases astate of chronic anoxia or stramn or a fetal endocarditis the deformed
valves 1n such cases are also thickened and scarred as a rule

Any heart valve or chamber may show thuis abnormality but the pulmonary
valve and the mfundibulum of the right ventricle are much more commonly
uvolved than any other part of the heart quite probably because of the fact
that they bear the brunt of the cluef cardiac arculatory effort in fetal Iife,
the aortic valve comes a very late second while the mutral and tricuspid valves
are affected only rarely In Abbotts sertes of 1000 cases there were 150
cases of pulmonary or infundtbular stenosis or atresia 35 cases of aortic or
subaortic stenosis or atresia 19 cases of tricuspid stenosis or atresta and but
11 cases of mutral stenosis or atresia Only rarely except i the cases with
20T4C valve mvolvement were the valvular defects uncomphicated the reason
for the rel; y 1 d occurrence of aortic or subaortic
stenosis 1 probably 1ts late development in the course of intrauterine life
Preponderant valvular of 1 origin (mnvolving the tn
cuspd pulmonary or aortic valve) 1s excessively rare as 1s also multiple
valvular disease Rheumatic valvular disease may 1nfrequently be found as a
complication of congemtal heart disease

ulmonary valve or infundibular stenosis 1s 1 the vast majonty of cases
complicated by septal defects (101 of 110 cases i Abbotts series) most
commonly ventrrcular alone (51 of Abbott s cases) less often both atrial and
ventricular (34 of Abbotts cases) and rarely atnal alone (16 of Abbotts
cases) Quite often 1t 1s associated not only with a ventricular septal defect
but also wity dextroposition of the aorta and marked nght ventricular enlarge
Ment to form the tetralogy of Fallot (see page 318) The signs course and
Prognosis vary greatly according to the degree of the pulmonary valve or
lundibular stenosis and of the assocated anomalies particularly the degree
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of aortic dextroposiion When pulmonary stenoss 1s a part of the tetralogy
of Failot cyanosis 15 mvariably present with an atrial septal defect cyanosis
and finger clubbing are Jess than m the case of the tetralogy of Fallot but
when pulmonary stenosis 1s :ndependent of septal defects which s a much
rarer situation cyanosis 1> not present until the night heart fails on which
occaston stasts 1n the peripheral circulatton s the explanation The character
1stic sign of pure pulmonary stenosts 1s a loud pulmonary systolic murmur with
accompanysng thrll C 1 pul y stenosts has 1tself 1 recent years
been rehieved surgieally w a considerable number of cases Valvalotomy was
ntroduced by Brock 1n 1948 Blalock has followed sust and reports {personal
communication 1951) having operated upon 42 cases of valvular pulmonary
stenosts with 1ntact ventncular septum with 8§ deaths

C pul 'y reg 1s very rare (see Chapter 26 for siens
of this vahe defect) 1t may compl pui y or dibular stenosts
Pulmonary valve atresta (closure) 1s always attended by other compensatory
anomalies 1t allows but a very few years of hfe as a rule, the mean age m
Abbott s 40 cases being 4 years and the oldest 30 years

Aortic valve or subaortsc sienosis 1s one of the rarer congemital anomabies
It doubtless 13 wrongly d d as acquired aortic stenosis the
signs and course of both are outhned in Chapter 26 The valve 1s no mor
frequently mvolved (11 cases of Abbotts senes) than the fundibulum of
the left ventricle just below the valve (subzaortic stenosis) (12 cases of
Abbott s series) Congemtal aorfic regurgitation of any high degree has not
yet been reported so far as T am aware n slight degree 1t may complicat®
aortic stenosts or the dil. of the aorta d 1n the tetralogy of
Fallot Aortic valve atresia 1s incompatible with hfe for more than 2 few
months at best (maxumal age of the 12 cases of Abbotts sertes 15 weeks
mean age 8 weeks) there must of necessity be a compensatory patency of the
ductus arteriosus

Mitral and fricusprd valve stenosis and atresia are rare anomalies almost
always attended by compensatory septal defects The average duration of
Ife in cases with these anomalies 1s short The commonest of these defects 18
tricuspid atresta of which there were 16 examples in Abbotts scres the
oldest survived to the age of 56 years There were 3 cases of trcuspd stenosts
(the oldest 28 years of age) 6 cases of mitra) stenosts (oldest 27 years), and
5 of mutral atresta (oldest 31/ vears) Climcal recogmhion of defective d
velopment of the night ventnicle assoctated with tncuspid atresia or hypoplastt
has been established (Taussig 1936) the diagnostic cnteria consist
cyanosts 1o wnfancy much d hed ray shadows of right veatriclé
and pulmonary artery Jeft axis deviation by electrocardiogram (Figure 75)
and absence of murmurs It 1s to be treated surgically by Blalock s or by Potté
operation as 1n the case of the tetralogy of Fallot {qv for detals) In \t‘l;:}'
young mfants Potts operation 1s more suitable than Blalock s and ma)
Ifesaving prior to the tme of the arrval at the age when the more ‘zz'n
phicated procedure s feassble (Gasul et al 1949) Tricuspud regurgit?
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has been deseribed and 15 due to displacement of the attachment of the cusps

of the valve (Ebstern 1806 Yater and Shapiro 1937)
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CONGENITAL PERICARDIAL DEFECTS

There are several types of pericardial abnormality of congenttal origin all
rare These include absence or defects of the panetal pencardium (30 cases
1n Abbott s series), and diverticulum or hernia (6 cases i Abbott s series)

The panetal pericardium may be entirely absent so that the heart lies m
the left pleural cavity along with the left Jung or 1t may be defective 1n part
most commonly over the regron of the pulmonary actery In the case of ectopa
cordis there may or may not be a pericardial sac the cases with better prog
nosis have such a sac When the parietal pericardium 1s absent the heart 18
usually freely movable both on respiratory movements and with changes of
body posttion physical exammation and especially roentgen ray study may
reveal this extreme mobility The climical significance of absence or defect
of the panietal perscardium 1s practically ml in stself normal duration and
actwvity of hie bewng possible without any cardiac stran or creculatory em
bar Two pl may anse however One 1s due to close
contact of heart with left lung and pleura so that disease of the latter my
seniously affect the former and vice versa there no longer betng protection
by an nterveming cavity Pleunsy with effluston empyema and pneumonid
have been reported as fatal illnesses 1n the cases on record with absence 0f
deficiency of pencardium Another complication of importance that has been
reported resulting mn parn or even death 1s sudden hinking of the great vessels
due to the fact that the heart 1s so freely movable

The other two i lies of the pericard: dwerticulum and
absence of attachment are very rare and of no clntcal mportance whea they
do occur except that occlusion of the onfice and consequently distenston of
the cavity of a pencardial diverticulum may interfere somewhat with 1
heart < actson

CONGENITAL ANOMALIES OF THE AORTA

Congenital aortic anomalies found mostly 1 young persons are due to
maldevelopment 1n fetal hfe or at birth and mclude hypoplasia coarctatton
night aortic arch double aortic arch aneurysms and transposttion of th
aorta and pulmonary artery as well as septal defects between aortd nﬂs
pulmonary artery nght ventncle or aurcle and patency of the ducty!
arteriosus

Aartic Hypoplasta

Hypoplasia (vwo under and xtaets formation) or small caliber of the GZ;’
throughout its course 1s onc of the commonest of the congemital aortic aﬂmd
ahes but 1n high degree 1t 1s relatrvely rare and st 1s then usually asswd "
with other congenital cardiovascular defects In Abbott s series 1t was foun
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77 cases 75 of which showed other defects the commonest associated ab-
normality was an atnal septal defect With such a defect there 1s a combina-
tion of a very large pulmonary artery and a small aorta due to the over-
loading of the pulmonary circulation and the underloading of the systemic
There 15 general hypoplasia of the artersal system when there 1s much aortic
hypoplasia with a tendency to pallor slow and incomplete growth and re-
tardation of sexual development Small heart size and large heart size have
both been reported 1n this conditron and heart failure m youth 1s said to have
resulted from the stran due perhaps 1n part to a lugh degree of aortic narrow-
ness but more prot to L defects 1 the heart itself

Coarctation of the Aorta

Coarctation (co- together and arctare to press or make tght) of the
aorta 15 a localized narrowing of the aorta of greater or lesser degree m the
viemity of the msertion of the ductus arterosus which sometimes remains
patent Morgagm (1761) was the first to record its discovery at autopsy It
15 a farly common abnormality having been noted m 142 of Abbott s senies
of 1000 cases of congemtal cardiovascular defects 1 79 of which 1t was
the primary lesion and 1 the other 63 a of other 1
shght grades are lLikely to be mussed even on postmortem examination and
are of no chnical importance

Efiology and pathology There have been descnibed two chief types of
dortic coarctation called the infantde and the adult but there 1s not always
a sharp separation between them The first (or infantile) a rare type (37
cases 1n Abbott s series only 9 of which were primary ) consists of narrow
g of the whole 1sthmus that 1s that part of the aorta between the left sub-
clavian artery and the ductus arteriosus sometimes the proximal arch itself
1salso involved In fetal life the 1sthmus has little function since blood enters
the descending aorta largely through the ductus arteriosus therefore 1t quite
aturally remains hypoplastic Ths fetal condition may persist for a few
weeks or months after burth to a greater or lesser degree but rarely 1s 1t found
i adult Iife In extreme cases 1t may be represented simply by a fibrous cord
the crreulation to the lower part of the body bemg taken care of wholly in
Such cases by the patent ductus arteriosus which thus supplies only venous
blood to the abdomrnal viscera and legs with resulting disability The mfantile
ype 15 serious usually associated with other important anomalies and had

en thought to be mcompatible with long hife there having been a maximum
9 months and a mean of 8 hours m Abbott s series of 9 primary cases
However recently Johnson and Kirby (1948) have reported using n three
Patients aped 13 17 and 20 years respectively the left subclavian artery to
bridge the long gap of the coarcted aorta of the infantile type with success
none case partial benefit in a second and failure 1n a third

The second (or adult) type of aortic coarctation consists of localized con
striction of the aorta at or most often just below the insertion of the ductus
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arteriosus and rarely above that pomnt (Figure 76) It 1s much more common
than the wfantie type and less senous 1 Abbotts series there were 105
cases 1 only 35 of which the conditton comphicated other defects It 15 prob
ably always a prenatal conditton developing 1 the fetus In only a few of
the cases does the ductus artenosus remamn patent There mav be other con
genital card) ] 1 pecially when the 1s extreme

¥10 76 Coarctauon of the aorta (adult type) just below the hgamentum anmosuvdn
(Case of Dr W D Shelden ) (Blackford Coarctation of the Aorta  Arch Int M
May 1928)

but frequently the condition 1s pl The most assoeted
anomaly 15 the bicuspid aortic valve either congenttal or acquired cngm’
found by Abbott 1n 50 out of 183 collected cases (Abbott 1928) and 1
per cent of 104 additional autopsied cases reported by Reifenstemn €t al. ;";
1947 All grades of narrowing of the aorta occur from that which is 50 shgl
that it can scarcely be scen on careful postmortem scrutiny up to camv‘f"‘
local aortic obhteration Coarctation has been noted more often 1 the mﬂ:
than 1n the female the adult type bemng three to five times more frequent :
the male scx why this 15 so 15 not known In 2 recent sertes of 96 cases f7
ported at the Mayo Chmc (Chnstensen and Hines  1948) there were
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males and 20 females this ratio 1s charactenstic of other senes It has also
been found 1n more than one member of a certamn family (Walker 1934)

The result of pronounced coarctation of the aorta of the adult type on the
cairculation 1s of much mterest The aorta 1s usually considerably dilated above
the constriction (sometimes with an ancurysm) and often but not always
narrowed below A collateral circulation 1s developed at times i high degree
blood betng carmed to the Jower part of the body by widely drlated tortuous
mternal mammary scapular and imntercostal arteries The heart becomes en
Jarged 1 most cases and sometimes 1s markedly hypertrophied and dilated

Hypertension panying the 15 responsible for this cardiac
bypertrophy as a rule but on occaston acquired valvular disease which 1s
a not 1nfy may be an add ! factor The artenoles 1

q
the muscle and skin of the arms 1 young subjects are normal and dis
tinguishable from those m the legs (Graybtel Allen and White 1935) The
hypertenson usually found 1n persons with 20rtic coarctation need not be
wholly ascribed to the defect directly but may be due mn part at least to a sec-
ondary effect pamely the duminution of the renal blood flow below the con
staction whrch 1n turn causes a generalized vasoconstriction reflexiy or through
the prod of the ch 1 medi called hypertensin or angtotonn (see
Chapter 19) (Stecle and Cohn 1938) when the collateral circulation s very
nckly developed the blood pressure may be perfectly normal the renal cir-
culation also then being adequate The early hypertension 1n ¢ases of aortic
coarctation 15 attended b genital 1nt: 1 aneurysms (as
m the circle of Willis) Also unusual blood supply to the teeth has been re
Ported i coarctation of the aorta

Symptoms and signs There are no particular symptoms of the adult type
of coarctation of the aorta and often no signs or so shght that the anomaly
escapes notice duning hife 'With high grades of coarctation however there are
2 number of important signs (1) mequality of blood pressure and of pulse
fullness and form between the upper and lower extremities the brachsal
systohc pressure often being much elevated (even to 200 mm of mercury or
more) while the femoral blood pressure 1s low (100 mm or less as a rule) and
the femoral pulse 15 small although the drastolic pressure levels may be much
the same (2) evidence of p 1t 1 between the
upper and lower parts of the body the internal mammary imntercostal scapular
and deep eprgastric arteries being much dilated tortuous and 1 the case of
the first three groups of vessels eastly felt and sometumes visibly pulsating
(3) long systolic murmurs transmutted from the 2ortic coarctation itself heard
not only over the precordium and back but especially down the spine where
1t may be heard to extend into diastole and also along the course of the

diated tortuoys vessels p d by palpable
thnlls (4) decrease or absence of the shadow of the aortic knob by roentgen
ray fy with duk: of the ding aorta and first part of the

quently
arch (5) roentgen ray evidence of well marked notching of the ribs due to the
dlated tortyous intercostal arteres (Figure 77) and (6) enlargement of
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the heart and sometimes signs of fatlure due mn part to frequent complicating
fieart lesions (especnally acquired valvular disease) but in large pant to the
hypertension assocrated with the stenosis of the aorta It should be reiterated
that the brachial systohe pressure 1s not always high i cases of coarctation of
the aorta but there 15 almost always a greater blood pressure n arms than m
legs Retrograde arterial or direct aortic Diodrast mjections can helpfully
outhne the roentgen ray shadow of the coarcted aorta and of some of the
coliateral circufation for confirmation of the diagnosts and especilly as
gmdance for the surgeon

o n e e—————— o it oy
>

|

¥16 77 X ray photograph of a 19 year-old boy with coarctation of the aont2 Qemon
stratinig notching of the 1ibs and absence of aortic knob (Blood pressute i the arms
1757110 blood pressure in the legs 135/100 )

Course and prognosis Complicattons The course and prognosis of coarctd
tion of the aorta vary enormously depending chiefly on the degree of narro%
wng of the aorta and the extent of the coliateral circulation but evert \vh:\;
shight the condition 1s important because of the possibility of Tocal fectio
1n the form of subacute bactcnal aortibis or endocarditis of a bicuspid aon!
valve Marked coarctation 1 often a serious anomaly which may kill i you!
by one of four complications  heart failure rupture of the aorta tself ap®”
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plexy due to cerebral hemorrhage or thrombosts and bactenal infection 1
vadng the area of coarctation or the aortic valve On the other hand it 1s
compatible with long life as 1n the case of 2 92 year old man with completely
closed aorta {Abbott 1928)

Of a series of 200 cases of the adult type collected by Abbott (1928) the
average age at death was close to 32 years with extremes of 3 and 92 years
60 died of congestive heart farlure 40 of sudden heart (2) or aortic (38) rup-
ture 26 of cerebral complications and 14 of bacterial endartentis Of a more
ecent sertes of 104 autopsted cases (Reifensten et al  1947) 23 per cent
died of rupture of the aorta 22 per cent of bactenal invasion 18 per cent of
congestive heart fatlure 11 per cent of mtracramal lesions and 26 per cent
of maidental causes

Between 5 and 10 per cent of cases with coarctation of the aorta have an
associated patency of the ductus arteriosus for example 8 of 140 cases sur
gically treated by Gross (personal commumnicatton 1950) 10 per cent of a
series at the Mayo Climc (Taylor et al  1950) and 10 per cent of Abbotts
cases

Treatment In the last edition of this book 1t was stated that there was no
special therapy for congenital coarctation of the aorta but that the subject
should be protected as much as possible from physical stram and mfections
In the intervenng years there has occurred a great advance due to the intro
duction independently by Crafoord (1945) and Gross (1945) of surgical
correction of the defect by excision of the area of coarctation and end to end
anastomosis of the cut ends of the aorta i children and young adults where
the narrowed portion 1s long the left subclavian artery or a vascular graft can
be used to bridge the gap Postoperatively the blood pressures in arms and
legs equalize at normal levels OF the first 100 cases operated upon by Gross
(1950) 11 died and they were for the most part early cases of the others 71
%ere completely reheved 8 others satisfactorily improved one unchanged
and 9 explored only (because of findmgs contramndicating operations on the
aorta iself) Blalock has wnitten to me (February 1951) of having operated
upon 103 cases of coarctation of the aorta with 11 deaths

Ditferential diagnosis There 1s one condition with which coarctation of the
aorta 1s commonly confused and that 1s hyperpiesta (essentral hypertension)
The differentiation 1 however easy if one has m mind the possibility of the
congenital defect especially 1n a child or young adult the difference between
the blood pressures of arms and legs the systolic or continuous murmur trans
futted down the upper spime the palpable ntercostal artery pulsations and
the notching of the ribs seen by roentgen ray at once lead to the correct
diagnosis

Other Rare Congenital Aortic Anomaltes

These are (1) localized weakness of the wall resulting n aneurysms usually
small (2) transposition of the aorta and pulmonary artery so that the former



334 HEART DISEASE

arses from the night ventnicle and the latter from the Jeft as the result of re
versed torsion of the common artenial trupk i the course of fetal develop-
ment (3) a nght sided 1nstead of a normal left sided aortic arch and (4) a
double aortic arch due to persistence of the nght hand side of the fourth pnm
ve arch

Congenttal defects mn the aortic wall Congemtal defects 1 the aortic wall
with thinning and even outpocketing (aneurysm) are very rare and small They
are an ncidental finding at postmortem exammation and are of no clcal
mportance The medral ble for d aneurysms does
not belong here

Transposttion of the great actertes Transposition of the great arteries 1s an
infrequent anomaly found much more often 1 the male sex than i the female
1n the ratio of about 4 to 1 It 15 mcompatible with susvival for more than 2
few hours or days after birth unless there 1s a septal defect which allows some
venous blood to reach the lungs such defect usually consists of a patent
foramen ovale In some cases there 1s also an interventricular septal defect of
a patent ductus arteriosus When the ventricular septum 1s defectve hfe may
last for years but the handicap 1s a senous one and death occurs almost al
ways before adult age 1s reached and 1s due to heart fatlure or comphicating
mfections In Abbott s series of 1 000 cases of congenital cardiovascular de
fects there were 74 cases of complete transposition of the aorta and pulmonary
artery n 49 of which 1t was the primary defect Of these 49 cases, 32 had 2
closed ventricular septum with longest survival to 11 years while 17 had 2
ventricular septal defect with longest survival to 16 years

Cyanosss 1s an almost mvanable sign of complete transposition of aorta and
pulmonary artery except i early infancy when the cyanosis tends to be
absent or less marked than later as 1s the case also 1n some other congemtal
cardiac anomahes the cyanosis sometimes becomes very marked and 1t 18
then accompanied by defimte clubbing of the fingers The heart 15 entarged
particularly the night ventricle and the electrocardiogram shows abnormat
nght aus deviation Roentgenologic study may show lttle except the cardiac
enlargement but there may be some suggestion of the anomaly of the great
artenes especially in the oblique views There may or may not be heart mur
murs and thrills dependent on the presence of other anomahes such as patency
of the ductus arteriosus uncomplicated transposition of the great artenes
should not cause murmurs

The antemortem of pl P of the aorta and P‘:
monary artery 1s extremely difficult but Taussig (1938) has pointed out the
of four ch features (1) persistent cyanosis (Zh) ;:;

it

diac enlargement especially of the right ventricle (3) a narrow aorttc s! '
1n the anteropostenior roentgenogram and (4) an increase i the wdth o
the roentgenographic shadow cast by the great vessels when the patient 18
placed 1n the left antertor oblique positton

A hopeful development 1n these very senous cases has taken
the Jast edition of this book was published through the introductio

lace sinc®
: n by
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Bialock of the production of an atnaf septal defect and sometimes n addition
the anastomotic operation which he has used m cases of the tetralogy of
Fallot pamely Joming subclavian and pulmonary artenies on the nght He has
operated upon 62 cases wath 38 deaths the best resuits have been n patients
with pulmonsc stenosis as well as transposiion and in patients wath the Taussig

Bung synds {Blalock p cc 1951)

Corrected transposiion of the great vessels There 15 a condition catled cor
nected transposition of the great vessels i3 which the aorta and pulmonary
artery although in abnormal position regarding each other anse nevertheless
from the correct ventnicles Such an anomaly shight degree 15 of bttle or no
chaical wmp since the E Y] d ly 1n a normat
manner and the condition may not be very obvious even at postmortem examu
nation When of marked degree however 1t 1s assoctated with other anomalies
such as mterventucular septal defects and hfe does not Jast beyond early aduit
Years there were but 6 cases m Abbotts senes 4 of which were pumary
t5pe with Jongest survival 1o 24 years

Finally a thied type of transpostion occurs called partial transposition 1n
which both aorta and pulmonary artery anse from the same ventncle As i
the case of complete transposition with septal defect there 15 frequently
©anosis Lefe 15 usually short m thus condition averaging 4% years i 16

Pomary cases collected by Abbott

Right or double arch Vascular nng Anomalies of the aortic arch consst
g of a nght or double arch are rare and for the most part umportant
€xcept that there fends to be more or less compression of esophagus and
trachea between the 2orta and ductus artersosus 1 the case of the night aortic
areh and between the two sides of the arch when it 15 double In some cases
s obstraction 35 an important complication and rarely 1t may be serous
¥th dysphagia (called Jusorta from the Latin meaning deceitful y esophageal
dilatation and ulceration tracheal stenosis and asphyxia With abstruction of
bk degree and the diagnosis of nght or double aottic arch established sur
Beal cure by transecting the constucting vascular nog has been effected by
Grosg (1945) since the last edition of thus book was published Dysphagia
Jusoria has also been noted 1 cases with cestam other anomahes of the great
artenes for example when the nght subclavian comes off the descending
thoracie agrig instead of the annominate artery The diagnosis mmust rest s
the masn a1 least on Toenigen ray evidence of reversed posion of the zostie
2reh or of s double oh and on ab i ds or ob
the trachen and also of the h as studed 1l

19gestion of barium (Figure 78)

In Abbott s senes there were but 5 cases of double aortic arch the oldest
SUCVIVINg 10 87 years and 35 cases of night aortie arch 14 classtfied as pri
AV wath the oldest case 61 years females outnumbered males (8 to 5)
™2 small serics of 13 cases of these two anomalies Abbott recorded 7 cases
i hes total coltection of 1 000 who showed the night subclavian axtery ansing

fom the descending sorta and 8 cases with Jeft subclavian artery ansing

of
pically duang the
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F1G 78 Roentgenograms showing a night aortic arch drsplacing trachea and barim
filled esophagus forward and to the left (A) Anteroposterior view (B) rght anterio?

oblque view (hindness of Dr Hugo Roesler Temple Unwversity Philadelphia )
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from exther the ductus arteriosus or the pulmonary artery in the former group
one of 5 cases lived to be 44 the oldest age noted while the one case of the
Iatter whose age at death was noted was only 5 years old

COMMUNICATIONS BETWEEN THE AORTA AND
PULMONARY ARTERY

There are four types of congental communication between the aorta on
the one hand and pulmonary artery nght ventnicle or nght atrium on the
other hand They are first and most common patency of the ductus arten-
osus second rare cases of a perststent truncus arteriosus without separation
mto aorta and pulmonary artery third very rare mstances of commumcation
between the aorta and pulmonary artery by arteral septal defect and fourth
very rare cases of communication between aorta and night ventnicle or night
atnum by septal defects The possible rupture of the aorta mto nght ventricle
or nght atrium m bactertal endocarditis and endartentis or mnto the pulmonary
artery in syphiliic aortitis 15 d a elsewh (see Chapters 15 and 28
respectively)

Pafency of the Ductus Arferosus

The ductus arteriosus (also called ductus Boralli Botallo 1530) which
normally m the fetus diverts most of the blood from the pulmonary artery
mnto the aorta should cease to function soon after birth 1t should be con-
verted within a few weeks mto a fibrous cord the hgamentum arteriosum Tts
obliteration may however be delayed for some months or 1t may persist as
2 patent arterial canal throughout life Its patency may be regarded as a con
genttal anomaly 1f 1t 1s found later than three months after birth (Figure 79)
It 15 one of the of all 1 1 lar defects ranking
third 1n 1ncidence (242 cases 92 as the pnmary and 150 as a complicating
defect) after mteratnal and nterventrcular septal defects respectively n
Abbott s series of 1000 cases Because of its curability now m childhood
physicrans 1n general have become much more familiar with 1ts diagnosts
For the anatomtc position of the ductus artertosus see Figure 76 page 330

Etxology Cause The cause of persistent patency of the ductus arteniosus
s not always clear Frequenily 1t appears to be a compensatory condition 1
the presence of some serous cardiovascular defect Iike infantile coarctation
of the aorta or transposition of the great arterial trunks 1n other cases 1t 1s
due to an planed arrest of d P

Age Beginning at birth 1t may last through a long life It has been noted
most often 1n children and young adults the mean age at death of 92 cases of
simple patency 1n Abbott s series being 24 years It 1s frequently found 1n old
People the oldest autopsted cases on record being 66 years (Josefson 1897

it 1928) a man with this condition still mn good health at 75 years has
been followed by the author for 27 years while another case reported by
Walker and Ellis 1n 1941 then 1n good health at the age of 73 died suddenly
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at the age of 78 five years later while mowing his lawn (there was no autopsy
—personal communication)

Sex Patency of the ductus arteniosus has been found more often n the
female sex 1n the ratio of 2 to 1 (55 to 29 1 Abbott s senes of 92 cases of
simple patency in which the sex was stated and 333 to 145 1n Gross senes of
47 Gross p 1951)

Pathology The patency of the ductus arteriosus varies very much mn degree,
from that of a fine canal barely admitting a small probe or bnstle to that of
large caliber easily admitting pencil or finger It may be very short so that
there 15 hardly more than a direct opening between contiguous aorta and pul
monary artery or 1t may be several centimeters long usually 1t 1s % 10 2 cm
long It may be cylindrical in shape funnel shaped or comical with wider
end at the aorta or 1t may be dilated to form a kind of aneurysm In patency
of the ductus arteriosus of long duration or of marked degree especially 1
the comt of these cond, the pull y artery 1s dilated and both
ventricles are enlarged with hypertrophy and dilatation the blood flow from
aorta to pulmonary artery increasing the work of both ventricles 1n such cases
the night ventncle has to overcome the pressure directed against 1ts own blood
stream and the increased blood flow through the lungs and the left ventricle
has to increase 1ts output to make up for the diverston of a considerable
amount of blood from the systemic circulation It has been estimated that 25
much as 25 to 75 per cent of the blood pumped ot by the left ventrrcle may
be diverted mto the pulmonary circulation via a patent ductus arteriosus
Atheroma with calcification 1s commonly found 1n the patent ductus artenosus
especially at its mouth 1n the aorta and often also about sts orifice 1n the pul
monary artery Very rarely sp hromt may obl the ductus

The ratio of complicated to uncompheated patency of the ductus arternosus
1s about 2t0 1 In Abbott s senies of 150 complicated cases it was found asso-
crated with coarctation of the aorta 13 times (6 out of 70 cases of the adult
type 7 out of 9 of the infantile type) with complete transposition of the great
artensal trunks in 33 cases with pulmonary atresia 28 times with pulmonary
stenosis 12 times and with tricuspid atresia 6 times

The ductus artertosus mav tahe an anomalous course or even be entirely
absent Rarely 1t gives off the left subclavian artery

Symptoms There are no symptoms of patency of the ductus arteriosus stself
except 1n a rare patient who 1s conscious of the harsh murmur and thall caused

by the rush of blood through the ductus and in occasional cases where the
ductus 1s so large that there 1s retardation of growth or when dyspnea deselops
because the heart fails as 1t would from aortic regurgitation or a Jarge arteri>
venous communecation

Signs Usually pathognomenic evidence of the condition 1s present There art
two ymportant signs one diagnostic the other suggesuve when both ar¢
present the diagnosts of patent ductus arteniosus may be regarded as certa®

The first sign 15 a continuous murmur usually loud with systolic accentu
ation maximal over and often Limited to the region of the pulmonary arte!
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2t the second nb and intercostal space Just to the left of the sternum and not
so foud 1 the neck and 1 ded by a palpable tholl (s the absence
of evidence of rupture of aorta wito pulreonary attery) This murmur has
been vanously desenibed as resembhng the sound of a hummng top of a
il wheel ar other mactunery of a tram in a tunnel or of rolhng thunder
Rtis almost mvanably harsh rarely blowsng In cases with a nght aortic arch
the contiuons murmur 1s heard over the patent ductus at the night of the
tpper sternum 1nstead of at the left In some cases with wide ductes patency
and a difated left ventricle there may also be heard a mitral meddiastolic mur
mu simulating miteal stenosis
The second important sign 1s roentgenolope consisting of unusial proms

neoce of the heart shadow m the region of and just above the pulmonary
atery (Figure 80) without increase 1 the size of the Jeft atnum pomnting
to mutral stenosts and without cyanosis which smight result from pulmonary
endartenitis oblhiterans Thys abnormal bulging of the left upper border of
the heart shadow s more pronounced in some cases of patency of the ductus

¥

-

Fio 80 Roentpenogram of thorat 1a case of congemtal patency of the ductus artery

s Note the bulye m the region of the pulmomary srtety J W male now 79 years
th Characternne machwmery murmur This fifm »as taken 13 years ago but there has
N KO change sinee
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arteriosus than 1 any other condition except that of interatrial septal defect
which presents much larger shadows of both pulmenary artery and Jung hilus
shadows without a continuous murmur If there 1s but a narrow lumen throueh
the patent ductus the roentgen ray sign may be nummal or absent whil, the
typical murmur may be marked If on the other hand there 1s a very wide
lumen with much blood flow the roentgen ray sign 1s marked and the murmur
mmmal or absent, In infants and rarely mn young chidren the murmur may
be absent or but shight and only systolic it time during the first few vears of
Ife 1 adults 1t 1s almost invanably present as a typical continuous murmuf,
but there are rase exceptions with systolic murmur alone

Other signs are those assouated with cardiac enlargement which is found
10 some of the cases vartous complications and mn a few cases a full pubt
p due to low drastol when the patency 1s so wide that there
15 considerable aortic into the pul y artery wm diastole 2
wide pulse pressure tn patency of the ductus srteriosus 1s howeser not the
rule and a water hammer pulse 1s very rare

Course, complications, and prognosts Patency of the ductus arteniosus may
be a cond, Y for the p of some senous congenital do
fect ke transposition of the great artenal trunks thereby helping tocether
with septal defects to prolong life, mn stch cases howesver lfe s short at best
lasting only a few years Uncomplicated patency may or may not be an 1m
portant burden for the heart If 1t 15 of large caliber 1t 15 a serous condtion
leading to considerable cardiac enlargement and farlure m youth 1 1t1s of
small caliber 1t may hmut nesther activity nor duration of Lfe death 10 old
age being caused by some noncardiac disease The oldest cases proved 3t
autopsy were 66 years of age at death but two other cases have been Anown
to have reached the muddle or upper seventies (see above under etiology ave)
Always however patency of the ductus arteriasus 1s something of a menae®
because of the hikelihood of mnvasion by subacute bactenal (Streptococcus
winidans) endartentis which used to end fataily 1n the course of months Just
as did subacute bactenal endocarditis with which 1t may be assoctated In
Abbott s sertes of 92 primary cases of ductus arteriosus patency death was
ascribed to subacute bacterral endarterins 1n nearly one quarter while Gelfma?
and Levine (1942) found 4 such cases (29 per cent) among 14 pattents b
patency of the ductos

Rupture of a dilated pulmonary artery due to ductus arteriosus patency
has been observed as a rare complication Also paradovical embolism §s
been noted thrombr from the left atrium or vegetations from the mtrat of
aortic valves entening the pulmonary circulation by way of the patent ductus
artenosus A reversal of current may sometumes occur generatly as a termmal
event when the blood pressure in the pulmonary circulation for any Feasen
exceeds that 1n the systemic circwit 1 anfants there may be transient attacks
of dyspnea and cyanosis when the pulmonary pressuse 1s rmsed by ¢rying """‘
by holding the breath during nursing Of 92 cases of Abbott s sercs dm\h:ﬂ
40 was sudden or duc to myocardial failure 1 21 to bactenal endartentis
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endocardites 18 3 to 2 cerebral lesion 1 3 to bronchopneumenia and 1 the
Temander wastated

Treatment A decade ago there was finally introduced what had been
Pprophested namely specific treatment for patency of the ductus arteriosus
Susgical interference to hgate the ductus was suecessfully accomphished and
2 new 3ad dramatic era 1n the treatment of congemtal heart discase began
{Gross and Hubbard 1939) The operation has niow been carried out m
many hundreds of cases by vanous surgeons throughont this country and
abtoad wath very Jow mortality and with excellent results Tramsection rather
than simple ligation 1s now recommended by Gross (1947) although excellent
tesults hase been obtained by hgation Surgical correction 15 now definttely
wdicated 15 aft chuldren and young adults to relieve the heart of strain and
toavert the d. and 1 of sub, b: (Strep
foccus virdans) endartenstis but 1t must be recognized that there are some
Patients yu whom the condition 15 moperable (Shaptro and Keys 1943) and
that there sun €TSS m any case a definite operative nsk Surgery has also
been proved (Touroff and Vesel 1940 and 1942 Bourne 1941) to have a
Place vath or without chematherapy m the cure of subacute bacterial
fection of the ductes and pulmonary artery It 15 striking 1o note the disap
Pearance of murmur and thrill after hgation of the ductus and 1n those cases
wth cardiac enlasgement and increased pulse pressure even of such signs too
ad on occasion even of 2 mutral middiastohe murmur due to left ven
tneulap dilatation In those cases not operated upon protection agamst 1
fection ang exhaustion 15 advisable The routine use of penciiin to ward off
bactenal endacterstys duning mnf and surgicat d tudmg tooth
?m;ﬂon 15 10 be recommended as m the case of a ventncular septal defect

qv

Differentray dagnosis In mfonts the cond may be und In
adults the distinctive murmur 1s almost invanably present this murmur must
be Dfferentiated from the venous hum sometimes heard in the neck especrally

¥Sm uncommon i the upper chest and usually located on the night side A
e rondition accompanied by the continuous murmur charactenstie of

Made by analysis of the chinical course The soentgen 1ay sign of marked
Prominence of the pulmonary artery though helpful 15 not pathognomonic of
Patency of the ductus arteriosus for mutral stenosis pulmonary fibrosis op
‘Dartenitig gbl and septal defects must be excluded before
A sure diagnosis b Justifiable
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Other C Bet Aorta and Pul y Artery

The other communications between aorta and pulmonary artery are much
less common The first 1s the serious condition of & common artenal trunk
(truncus arteriosus communis) with s accompanying watense cyanosis ab-
sence of lung hilar shadows, and short hfe (averaging but 4 years 1n 2t
cases analyzed by Abbott) A second 1s an openng between these two vessels
above the valves usually small and not so important (mn Abbotts series 10
cases with survival to 48 years m the oldest) The third 1s a defect between
the night sinus of Vaisalva and the nght ventricle with or without an asso
crated shight interventricular septal defect just below the valve or between the
posterior sunus and the night atnum The defect may evist from burth or there
may be m early Ife simply a thinned wall or aneurysm which may rupture
fatally mnto the nght ventricle (Hirschboeck 1942) There are no symptoms
caused by thesc anomalies The signs i cases of the second and thurd
categories above 1n which taere are defimite though small openings are much
like those of patency of the ductus arteriosus with Joud continuous murmur
lower 1n posttion and very near the ear The cardiac stramn results i enlaree
ment but the particular danger appears to lie 1n a serious complication of bac
terial infection of the walls of the defect

CONGENITAL ANOMALIES OF THE VEINS

Congenital anomalies of the veins are of little or no chnrcal importance
They are frequent 1n the case of the small vetns and rare 1n the case of the
venae cavae and chief pul y vemns The cc defect of the great
systemic veins 1s persistence of the left supenor vena cava emptying 10to th
right atrium by way of the coronary stnus (36 cases 1 Abbotts seres 27 of
which complicated other defects) assoctated with it yn most cases 1S the
usual (rnight) superror vena cava, but sometimes 1t 1s alone and receives blood
from the night side by way of an extensively developed vena azygos majof
In rare cases the single superior vena cava or the mfenior vena cava I$ dis
placed to the left and opens mto both atra at the pomnt of a septal defect
Rarely also the left hepatic vein persists and emptses mto the anomalous Jeft
superior vena cava which thus represents the persistent left stnus venosus of
the embryo Many different vanations are posstble n the case of the pulmonaty
veins (58 cases total ;n Abbott s series all but 4 comphicating other defects)
The two nght or two left vemns sometimes coalesce before entenng the telt
atrium or one or more of the pulmonary veins may empty mnto the nght side
of the heart 1nto the persistent left supenior vena cava into the nor
superior vena cava or into the inommnate or hepatic vein Almost always
there are cardiac 1 ted with | abnormalities of 1
venae cavae and with the more smportant abnormaliies of” the pulmoﬂaf)'
yeins Symptoms signs course and prognosis depend on these other anom
ahes and not on the venous defects The diagnosts of uncumphcat:d con
gemtal defects of the great vemns has now become possible 1n some cases by
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means of cardiac catheterization and by detailed x ray studies mncluding angio
cardiography

CONGENITAL ANOMALIES OF THE CORONARY VESSELS

Most anomalres of the coronary arteries and veins are of no chmcal m
portance and are simply postmortem cuniosities These include extra coronary
mouths (for example the left ctrcumflex coronary artery may anse directly
from the aorta} one coronary mouth giving rise to both night and left coronary
artenes and unusual course and branching of the vessels Rarely however a
senous anomaly occurs thus consists most frequently of the origin of the left
coronary artery from the pulmonary artery which results in cardiac enlarge
ment with hypertrophy and dilatation of the left ventncle myocardial necrosts
and fibrosts and early death in the course of the first few months of Iife One
notable case was of a baby boy dying at the age of four months who suffered
from attacks duning Life which closely resembled angina pectons and showed
21 electrocardiogram with mverted ( coronary ) T waves m Leads 1 and 2
(Bland Wihite and Garland 1933) Other cases have since been reported
one diagnosed antemortem (Eidlow and Mackenzie 1946)

The most common mportant anomaly of the coronary vemns s the per
Sistence of the left superior vena cava (mentioned above) which takes the
Place of the coronary sinus this anomaly has however no chmeal sigmificance
A very rare anomaly 1s the drainage of the coronary sinus 1nto the left auncle
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CHAPTER 1|4

RHEUMATIC HEART DISEASE

Introduction Although at present apparently and happily on the dechne
one of the three most common and serous types of heart disease 1s theumatte,
the other two are hypertensive and coronary The relative incidence of these
types vanes greatly 1 different parts of the world 1n fact n different parts
of the Untted States of Amenca for example 1 New England more than
twenty years ago the proportions were recorded as approxmately 40, 29 and
36 per cent respectively with some overlapping of the latter two {White and
Jones 1928) n Virgimua 22, 46 and 46 per cent respectwvely (Wood Jones
and Kimbrough 1926) 1n San Francisco somewhat more recently 22, 22 2nd
40 per cent respectively (Geiger et al  1936), and 1 Texas 10, 45 and 24
per cent for the whites and 4, 51 and 6 per cent for the Negroes (Stone and
Vanzant 1927) A reappraisal of these 1s now m order because
of the possibihity of a ch z d as well as of more accurate Statistics
Recent papers for example report 13 8 per cent among 436 cases of organ©
heart disease for Southwestern Virginia (Glendy 1948) 117 cases of rheumati
heart disease (11 per cent) as found among 1045 cardiac autopsics I
another southern group (Holoubeck and Holoubeck 1947) and 269 pef
cent of 519 cardracs mn the Rocky Mountans (Cannon 1946} A recent
review of 3 000 cases of heart disease 1n New England (White 1951) has
given percentages of 23 5,26 2 and 48 5 respectively for rheumatic hyperte?
swe and coronary heart disease Thus chimatic conditions and to a much s$
extent race have scemed to be important controlling factors as will be noted
1n more detail later Other relationships that have become more and mar
evident m the past few decades are famihial susceptibiity social and economi¢
status with particular reference to crowding and the hemolytic streplocoseus
as an exciting factor these will be discussed shortly

One of the most important reasons why rheumatic heart disease 1s 50 5¢!
1s the fact that 1t 1s particularly a disease of youth crippling and kilting many
children and young adults As a result many medical investigators and speaid

8z
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practtioners and soctal workers have undurtaken campaigns to study the
yanous problems involved and to reduce this menace and scourge which has
assumed somewhat the role once held by the white plague tuberculosis During
the fifteen year age period from 5 to 20 rheumatic fever with heart disease 1s
10 the United States the leading cause of death and at ages 20 to 25 1t 15
second only to tuberculosis (Armstrong and Wheatley Studies in Rheumatic
Ferer Metropolitan Life Insurance Company Nov 1944) In New York City
111938 there were 1 105 deaths reported from rheumatic fever and rheumatic
heart disease as compared with a combined total of 247 from whooping cough
menmnaits measles drphtherta scarlet fever and poliomyelitis {see Frgure
81)

1105

Infant ls Paralys:s

Scarlet Fever
O phthena _
Measles .
Meningitis . 53~ y—
Whooping Cough._.. 105~

Deaths from 6 Diseases

Deaths from Rheumatic Fever
and Heart Disease

FIG 81 Deaths from theumatic fever and heart discase compared with deaths from
SX other common infectious discases New York City 1938 Data compied by Dr
omer Swift (Rindness of Dr David 1 Rutsten and the Amencan Public Health
Assocration New York )

Already however erther as the result of special efforts or because of an
amel; of the rh fe wself or both or most hkely of all
because of considerabl p t 1n Iiving cond there 1s some 1ndica
ton that 1n the last three decades (1920 to 1950) there has been a shight but
definite decline both 1n the seventy and 1n the incidence of rheumatic heart
disease (Hedley 1939 Wheatley 1949) evidences of which have been a
drop from 27 cases per thousand patients in the wards of the Massachusetts
General Hospttal duning the years from 1927 to 1930 to 22 cases per thousand
during the years from 1937 to 1940 and finally 15 cases per thousand dur
Ing the years from 1947 to 1950 a decrease from 26 cases per thousand
2t the Boston Floating Hospstal in the years 1933 to 1937 to 9 per thousand
from 194310 1947 and to 6 per thousand 10 1948 and 1949 (kindness of Dr

-
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James Baty) the complete clearing of a formerly long warting hist of chitdren
with rheumatic fever for admusston to the House of the Good Samantan m
Boston, the decrease n rheumatic heart discase found recently m the schoel
children of Denver Colorado and a drop of relative incidence of rheumatic
heart disease among cardiac admisstons to the John Sealy Hospital m Gabes
ton from 7 6 per cent in the decade 1920-1929 to 2 1 per cent m the decade
19301939 (Decherd and Herrmann, 1943)

The broad term  rheumatic heart disease includes acute subacute and
chromic volvement of the heart of the ‘ theumatic type (as discussed under
the heading Pathology to follow) whether or nat a clear cut history of rhev
matic fever can be elicited The rheumatic ifection utself 1s manifested by 2
widespread reaction of the tssues throughout the body m this respect
sembling tuberculosis and syphilis on the one hand and allergy on the other
In fact the terms rheumatic the rf state  and

theumaticosis  have been suggested as better than the usual expressions
rheumatic polyarthnitis  rheumatic fever, and the rheumatic mfectton
(Fahr 1929 Coburn 1931 Graham 1932)

Etwology Cause The cause of the theumatic infection that plays such havot
1n the heart 1s not yet clear It 1s the subject of intensive research at the present
time and the solution of the problem 1s awatted with the keenest imterest
Streptococet of various types have been Jered m some way Tesponsidl
for many years and especially the hemolytic streptococeus (Coburn and
others) the general consensus of opinion 1s that the Streptococcus hemolyticus
15 the chief exciting factor which g the Hled tic state
throughout the body particularly 1n the heart Other exciting factors have
however been noted such as typhoid vaccine (Bland and Jones 1935) and
even imjunes suggesting that the exciting factor 1s not specific nevertheless
an acute P f appears responsible m the vast majonty of
the cases The finding of streptococcr or other bactena in the blood jont find
or pericardial or pleural flnd of acute rheumatic cases has been occasionally
reported but s not considered of primary importance any more than the
finding of immunologic reactions 1n tissues or blood A decade or two 50 x
virus onigi of the disease was suggested but this has never been confirme
Whether the tissue reactions throughout the body are due directly to bactenal
toxin or result indirectly from an intermediary agent or as an allergic fespons?
has not yet been settled Something akin to the last mentioned hypothests wth

particular involvement of the body s collagen 1s at present thought to be mott
likely but much h on this problem 1s 1n prog; Be
In recent years there have ansen 1 ng |

possible role 1n the productton of rheumatic fever of the action of hynluron(l“
dase an enzyme on hyal acd a pol; hande which i
chondrotin sulfate 1s an important element 1n the ground substance of conﬂﬂs
tve tissue synovial flurd and certain other parts of the body Certan slml:
of hemolytic T produce hyat acid and hyaluromdase 3
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salicylates have been reported to exert an antthyaluromdase effect The pos
sible etrologic relationships suggested by these findings and by the effects of
hormones (ACTH and cortisone) need much further study before definite con
clustons can be established

Place of entry The place of entry of the rheumatic orgamsm or virus (if
such exists) mto the body 1s probably the mouth The faucial tonsils have
been considered to be the chief portal partly because their acute mfection
frequently ushers 1n acute rheumatic fever and partly because endocarditis
may follow tonsillits directly without any rheumatic symptoms However
other lymphoid tissue 1 the pharynx and nose may also harbor the rheu
matic or activating orgamsm and the gastromtestinal tract and focr of infec
ton 1n sinuses and muddle ear have not been ruled out as possible sources of
theumatic heart disease

Rheumatic fever and chorea have been for many years regarded as the chief

f of the th f that causes heart disease but ton

silils  growing pams and 1 very young children certamn 1ll defined fevers
or illnesses have been thought to be allied as lesser and somewhat uncertamn
evidences of the same mfection The separation between these defimte entities
of theumatic fever and chorea and the mdefi f or
mentioned and between the latter and distinctly nonrheumatic diseases 1s 1ll
defined 1n our present stats of knowledge the borderline must be regarded as
very wide Thus the diagnosts of a rheumatic mnfection or of rheumatic
sndocarditis or heart disease still often remams a matter of opmon Two
Benerations ago as mow 1t was rather the custom to consider all mfections
heart disease 1n young people that was not of syphilittc or of malignant
bacterial nature to be rheumatic 1n ongin One generation ago there arose the
belief that septic 1nfy of nontt type was frequently responsibl
when a rheumatic history was not obtainable Probably the truth rests some
where between these views namely that the large majority of cases of infec
tious endocarditis are rheumatic 1n origin  but that some anse from other
infections particularly termmal n nature even when not of malignant
bacterial type

The more carefully one investigates the past history of patients with the
theumatic type of chronic heart disease the more often one discovers a partly
forgotten or mild rheumatism or chorea 1n such patients on the other hand
2 prejudicial view 1s inclined to interpret every tonsillar infection or muscle
ache as rheumatic Furthermore rheumatic fever does not frankly appear as
such m the first few years of life except 1n rare instances children affected
wath chronic endocarditis following some poorly defined illness m the second
Or third year of life are likely later to develop definite chorea or rheumatic
fever with tecurrent nfection of the heart It 1s safest to regard and to treat
as rheumatic all infectious heart disease of childhood (unless 1t 1s malignant
bactersa] endocarditis) even though occasionally the cause 15 not clearly the
theumatic infection the term  rheumatic type of heart disease acute sub-




356 HEART DISEASE

acute or chromc covers satisfactorily, for the present at Jeast the cases of
doubtful etiology

A defimte history of rheumatic fever, muld or severe can on careful investt
gation be found 1 60 to 70 per cent of cases with ¢ theumatic heart disease
and 1 another 5 to 10 per cent a history of chorea wathout rheumatism 1s
obtamable Chorea alone with no evidence of tnfection 1s not so often followed
by heart damage (Jones and Bland 1935) eatlier oprmons to the contrary
were based on failure to exclude inf particularly rh fever

Sex Rheumatic heart disease attacks both sexes, but statistical analysis
usually shows a more frequent meidence among females in the ratio of about
4103 or5to4 Inone group of 956 cases there were 525 females and 431
males (White and Jones 1928) and n another group of 1 000 cases studicd
at the House of the Good Samaritan m Boston there were 709 females and 291
males, 2 7 to 3 ratio but the preponderance of beds avalable for females
accounts partly for this high ratio (Jones and Bland 1942)

Age Tn communities where rheumatic heart disease 1s common 1t 15 found
i the great majority of cases between the ages of 4 years and 50 years It
rarely begins 1n the first four years of hife and 1s especially rare before the 2g¢
of two years A case of intrauterine rheumatic heart disease has however
been reported (Kissane and hoons 1933) also a case in an infant aged
only 17 months has been noted (Schwarz 1932)

Most recently a group of 26 very young children with actne rheumatic
fever has been reported by Logue and Hurst (1951) of these 26 10 wer
under the age of four there bemg 3 three years old 5 two years old and 2
one year old there were also 9 who were four years old 1 this group 6 who
were five years old and 1 whose exact age at the onset of sheumatic fever
was not known but who was under five years of age Despite such exceptiont
long experience has shown that as a rule rheumatic heart disease begins
between the ages of 4 and 15 years with height of onset between the seventh
and erghth years It has been found that about 1 to 2 per cent of the schocl
chudren 1n parts of the Umited States and Canada where rheumatic fever
15 prevalent have rheumatic heart discase varying greatly howeser from
place to place or from one part of a city 10 another (from less than 05
per cent up to 4 or § per cent) largely dependent on the degree of cronding
of Lving conditions (Robey 1927 keith and Pequegnat 1947 Oum;
1948) Although some cases develop relatively late that 15 after e
twenticth year of hfe this 15 distinctly unusual The mortality begmnng 1t
the first decade increases steadily and 1s highest in the second and fou
decades when nfections (especally recurrent rheymatism) and heart f:nl;re
take their toll Occasional mnstances of survival to the age of 70 years 3" *
few even to 80 or over (White and Bland 1941) are scen when the Cﬂ’d‘t
damage has not been extensive The prevalence of rheumatic heart dl’;:“

(chronic as well as acute) by decades i the New England group of ‘7‘46 ;‘5
already noted (White and Jones 1928) as compared with that of 68
analyzed 25 years later (White 1951) was as follows
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Race All civilized races and nationalities appear susceptible to rheumatic

heart disease although a somewhat Jower mcidence has been noted in China

than m parts of Europe and America of the same latitude In New England

people of Englsh Scotch Insh Scandinavian French Polish Jewish Ger-

man Italian and Negro stock have all been found with rheumatic heart
disease

Table 6

AGE GROUPING OF CASES OF RHEUMATIC HEART DISEASE
IN NEW ENGLAND

Group of 956 Cases Repo + d n 1928 G o1 p 0f 684 Ca es Reported n 1951
Ye s ses Percentage Cases ercentage

0-10 116 11 53 77
-0 99 313 2.3 36

30 135 141 n 104
3040 165 173 91 133
0-50 13 1.9 102 149
30-60 78 82 89 130
€-70 35 36 38 56
Gver 70 H s 17 25
Total 956 684

Climate Climate appears to be an mportant factor m the mnecrdence both
of the rh fi and of the rl type of heart disease The
colder wetter parts of the temperate zone particularly favor these conditions
as do also the colder and wetter seasons of the year—wanter and sprning in
New England autumn and wmter n old England In the northern part of the
United States the rheumatic mfection and 1ts permanent mvolvement of the
heart are five times more frequent than 1n the southernmost part of the country
orin the Philippme or Hawaian Islands while i the mudzone the mcidence 15
etween these two extremes For example 1n Boston at the Peter Bent Brigham
Hospital the ncidence of rheumatic fever 1n the years 1914 to 1923 was 1 85
Der cent of all medical ad the climcal d of mutral stenosts was
389 per cent and the incidence of mutral stenosis 1 the autopsy room was
468 per cent while 1n New Orleans at the Chanty Hosprtal these percentages
from 1916 to 1923 were 003 008 and 023 respectively and 1 Baltimore
at the Johns Hophins Hosprtal from 1914 to 1922 073 201 and 130 re
Spectively (Harnson and Levine 1924) This chimatic difference has been so
great that victims of the rheumnatic infection have been advised sometimes to
move from northern lattudes to southern and a few have done so the
Teports from such a step have been n the mamn favorable (Coburn 1931
Jones White Roche Perdue and Ryan 1937) but 1t 1s to be noted that
Ttheumatic heart disease has been discovered in recent years even In natives
of tropical lands such as Cuba (Perez de los Reyes etal 1944) Puerto Rico

Francisco 1947) Panama (Hardgrove etal 1946) Curagao (Hartz and
Van der Sar 1946) and New Guinea (Levine 1946) Edstrom (1944) has
even tned to 1nfl the rh by artificially producing a
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tropieal chimate ndoors 1n the temperate zone for long time treatment of
active theumatism with suggestive but not conclusive favorable results The
Rocky Mountamn states harbor a derable amount of 1k heart
disease up to 27 per cent of all cardiac patients (Cannon, 1946) as wis
confirmed by milttary expenience during World War IT while the high plateay
and perhaps even the lower lands also m Mexico have shown a surprsingly
great number of rheumatic heart cases some 30 to 50 per cent of alf cardiacs
(Chavez 1942 Cortes and Villarreal 1947) It 15 likely that both prevalenc
of hemolytic streptococcus infection and overcrowded living quarters play an
important role 1n these areas

Farmily tnetdence One of the most interesting features of the rheumate

fe and of the rh type of heart disease 1s their occurrence It
different members of one famuly Several studtes have mdicated that from 37
to 50 per cent at least of patients with rheumatic fever, chorea or rheumatic
heart disease have near relatiyes with a hustory of sumilar trouble (as compared
to @ control series) Three factors are probably responsible for such family
meidence (1) inhented susceptibility to the rheumatic nfection (2) close
contact with the actual spread of the excitng organism from one throat ©0
another and (3) crowded or unsamtary Living conditions sometimes wath
1nadequate food and clothing

Soctal and economuc status An mportant factor i the occurrence of the
1h f and of rh heart disease appears to be the soctal
and economu. status of the individual These diseases are much more com
mon by 100 per cent at least among the crowded poor than among the well
to-do mhabatants of almost every commumity In the large Amenican prvate
schools theumatic fever chorea and rheumatic heart disease are infrequent
while n the large public schools they are relatively common Crowding €

posure to cold and wet without p )i and fatieve
are probably all factors 1in producing this contrast \
Epidernic form Finally there 1s some evidence that at times under suitabh

d the th f 1n the nature of rheumatic fover 2ssumes

an eptdemic form Ths was noted among the soldters duning World Warl ayﬂd
wnfrequently among cvilians since and was encountered again 1n World War
I It may occur when an infecting orgamsm of unusual virulence mmks;
group of susceptible individuals exposed to adverse conditions such as "’3!
weather and fatigue It has been especrally noted 1n groups of young PeoP*

diately followng nf by a virulent hemolytic streptococeus 1t €
demic form a certan pumber of susceptible individuals though 2 ™
percentage of the persons attacked by the ongmal infectron may develop
rheumatic fever In camp barracks and other hving quarters of mulitary Pt
sonnel during World War IT about 4 to S per cent of the young men expose
to and infected by the hemolytic streptocotcus of various strains develo]
rheumnatic fever some 10 to 15 days later this was espectally noted ﬂ’"“‘;
the new recruits and 1 more crowded hving conditions and 1n colder climak
(Feasby 1944 and Barber 1946)
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Pathalagy A generation ago endocarditis was the only wel recognrzed
common mamfestation of rheumatic hear disease acute or chrome pen
carditts was admutted as an occassonal compheation but httle attention was
paid o msolement of the myocardium or as a matter of fact to the wide~
spread effects of the disease throughout the body Much advance 1n the proper
understanding of this kind of heart disease has come m the last therty years

The more severe the theumatic mnfection 1n easly youth the mare extensive
a3 rule ss the cardine damage Once 1t was thought that only about two thirds
of the attacks of theumatic fever and about one thud of those of chorea
affected the heart but careful s now ling a hat differ
et ineidence There was for example evidence of permanent cardiac damage
9186 per cent of 518 cases of theumatic fever 1n 73 per cent of 348 cases of
chorea and rheumatic fever and m 3 per cent of 134 cases of uncomphceated
chorea, analyzed at the House of the Good Samantan m Bostoa (Jones and
Bland 1933) Findings vary however as indicated by another senes of 175
cases of acute rheumatic fever 50 per cent of whom showed no evidence of
beart disease after foliow up penods averaging seven years (Brown and Wolff
19403 Elact d phic and p hase often shown
myocardial and even shght endocardial invohement even though on physicat
xamunation there had been no sign whatsoever of heart disease It 15 probable
that in every case of sheumatic infection there is some heart disease however
sight or transient and that 1a a certan percentage of the total number there 35
Somplete recovery with return 1o normal or at least not suffictent deformuty of
vabes orlesion of dium or to produce ab| signs

© typical heart lesion of the rh 38 an mfl ary reac
tion about (e smaller arteries consisting of groups of small round mono
Buclear cells with o few gant cells (Aschoff 1904) this has been called the
Aschoft body (Figure 82) and its discovery anywhere m the heast or pent
rdism has beeg considered almost pathognomonic of the actwvity of the
sheumaye nfection There may be but few of such lestons present or they may
% widespread and groups They apparently come and go leaving no trace
nless the drsease has been so eatensive that nutntion has been mterfered wath
a0d sear ygsye results a sequela of more than stight Sbrosis is very rare in
the m dium although a few have been of rhy
Feart block fematnmg as a chronic state aftes it has appeared dunng the acute
heumanc wnfection

Aschoff I Zur Myocardiusbrage ¥ erhand! d deussch path Gesellschat 1904
VI 46

Aschoft here pives the first clear desenption of the more or less specific they
matie Mmyocardial lesion which has been cafled by fus name (Aschoft body) (The
ranstation 15 by myself )

We have succeeded m establistang the fustologreal structure of the myocardial
Teaction to the rheumatic infection by findtng peculiar nodules which appear to be
Pefic These nodules were indeed clearly defined 1o only two cases of Tecurrent
“Wocarding bur 1 other cases cellular profiferations corresponded exactly ;m
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FIG 82 R di (4) Ar h showing typ a) A chet
bodes i the (ventricular) heart mus le 1n acute theumati, heart disease {Thath mef
and Rothschild J Exper \fe! 1914 XIX 417) .
(B} Microphotograph (higher power) of myocardum of child dying of severe e
matc mfection showing extensive destruction of the muscle cells with masion &7
feuhocytes and a few mull guant cells (hindness of the House of 1he
Samantan Boston )} "
(C) Microphotograph of myocardium from case dying of severe recurrent nmrrm
tism There 1s evident at the feft old fibfotee change from 2 previons rheumate nfeet
and at the night new necrotic and hemorthagic testans due to the recurrent thesmatis™
{Kindness of the House of the Good Samantan Boston )

380
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their locations to the Iestons of these two hearts They were regularly situated 1n
the nerighborhood of the small and medium sized blood vessels and often showed
the closest relationship to the adventitia of these vessels There even was found a

disease of all the vessel walls h le to that bed for artertis
nodosa The above mentioned nodules are extraordinartly small highly submiliary
and are d of col of large cells with one or more ab-

normally large slightly notched or polymorphic nucler The grouping of cells often
occurs in the form of a fan or a rosette The peniphery of the nodule 1s composed
of the large nucleated cells and the center often of an apparently weakly statning
necrotic mass of coalescent cellular protoplasm With careful observation the fan
shaped foct remind one of the smallest recrotic areas with cellular peniphery which
one finds so often m gouty kidneys In the rheumanc nodules one has to do not
with the tubercular or foreign body grant cells with several regularly formed nucler
but with structures which resemble rather the large nucleated cells i certam sar
comas or n pseudoleukemic prohferations On the other hand the nodules are not
composed solely of such large nucleated cells but small and large lymphocytes and
also polymorphonuclear leukocytes are wedged m between the large cells at least
a the penphery or else themnselves compnse an outer zone from which wrregular
stray cells extend out further into the connective tissue terspaces In these outer
areas there can stifl be found single Iarge nucleated cells and all gradations down
10 simple large leuhocytic elements which are more or less commonly found mn
the neighborhood of the smallest vessels in all inflammatory reactions These leuko-
ytic elements are the large cells which Hayem and Romberg have descnibed but
hose ortgin remarned doubtful in their minds Out of these large cells which are
the adventitial cells of the blood vessels swollen by mflammatory reaction the
large nucleated giant like cells are formed which single or collected 1n nodules
8ive to the rh a stamp It should further be
Observed that the number of eosinophilic cells 1 these nodules 1s very small

Years later 1t was demonstrated that the Aschofl body 1s not the earhest tissue
change in the rheumatic nfection but often 1s a rather late reaction probably
2 Part of the process of recovery and repar (Coburn 1933) The earliest
tissue changes are those of destruction (necrosis) and a tendency to hemor
thage throughout the body especially well marked 1n the more severe cases
" ¢ myocatdium particularly 1s mvolved and may be so senously damaged 1n

€ sicker chiuldren that the heart dilates acutely or subacutely Such dilatatton
of the heart may lead to death from heart fatlure or to more or less permanent
Ic:;dm enlargement or 1t may be followed by good recovery with more or
o ;f‘;‘;xmplete return of the heart to normal size The recogmition of this fact
tom € greatest importance 1n the proper understanding of the cardiac symp-
- hs and signs 1n the course of the acute and subacute rheumatic mfection

¢ analysis of the late after-effects and m rational prognoss and treatment

n '€ typical rhy docarditis consists of a lled verrucous mflam
ﬁam"}’ Teaction tiny of botic mature posed cluefly of
brn and

he tending particularly to appear 1n a row on the atnal surface of
, mitral and tricuspid valve cusps and on the ventricular surface of the semi-
1ar valve cusps {Figure 83) at the kine of closure not at the edge although
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sometimes they are distributed elsewhere over the cusps The exact pathogeness
of these thrombi or of the damaged areas of the endocardium on which the
thrombus formation takes place 15 not known whether due to durect touc
action of the blood stream or via the blood vessels mn the valves or to loca!
allergic reaction to agent or agents 1n the blood (manufactured elsewhere) In
any event the shight trauma caused by valve closure appears of some 1mpor
tance m favoring the appearance of the earliest lesions In fact nonrheumatc

14
Fic 83 Photograph showing acute and chronic thenmatic cndocarditts of the w:ﬂ
valve Note the vegetations along the lne of closuse adhesions of the cusps ‘f "m, of
shight aortic stenosts scarring of the endocardium below the valve and thi f::m.mm
the chordae tendincac of the mutral valve The patent was a boy 14 years olu {
of Dr Ronald Grant Guys Hospital London )
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bland thrombt of small size very probably are deposited on the lines of closure
of the heart valves especially the mitral on occaston almost as a normal event
the result of a vanety of infiuences they may do no senous harm but can
quite Iikely result 1n a shight chrome thickening of the valve edge which may

Justifiably or not arouse suspicion of a rheumatic eticlogy Besides the -
volvement of valve cusps there 1s ly 1n 1t docarditis espe

cually of the severe type nflammation of the chordae tendimeae and of the
wall of ventricle or atnum especially of the left atnum just above the valve

this results 1n scarnng and 1n the case of the chordae 1n thickenmg shorten

g and coalescence to add to the valve deformty

Rheumatic pencarditts conststs of a fibnnous or a serofibrinous reaction
more or less extenstve sometimes giving nise to the typical bread and butter
appearance (as shown in Figure 134 page 710) but rarely to large effusions
(2 typical serous exudate rarely bloody) In healing small or large scars are
Ieft with or without localized or complete adhestons and only rarely with any
important external adhesions Constrctive pertcarditis of sufficient degree to
cause symptoms or signs (Pick s disease) has not been encountered once 1n
1000 cases of the rheumatic infection many with pencarditis followed over
aten to twenty year period at the House of the Good Samaritan m Boston
(Jones and Bland 1942) nor has any one of 53 cases of chronic constrictive
Pencarditis examined by myself had a rheumatic etiology although two among
them had comcidental rheumatic valvular disease

When as freq, happens myocard docard and pencardium
are allinvolved we speak of pancarduis and now and then especially m young
chilren such pancarditis may be very severe and overwhelming resulting 1n
early death from heart failure

Furth the tt f may attack other organs beside the
heart, pericardium jomts and bram (chorea) The arteries—aorta pulmonary
artery and smaller visceral and peripheral vessels—the lungs the pleurae the
diaphragm and the pentoneum may be mvolved by hemorrhages or by lesions
resembling the Aschoff body sometimes with serious consequences An im
Portant and pul y 1t lesion 1n severe cases 1s the
bemorrhagc d; labeled er ly rh poeu
moma this lesion quickly comes and goes

The theumatc nfectton 15 typically a slow one and recurrent a fresh in
vasion of the heart 1s common on top of healed lesions of valves or of atrial
or vent of chordae tend: or of pericard;

The infection may clear up 1n some cases as stated above with little or no
trace but commonly a scarring of the endocardium 15 made evident by valvular
dd"m““}' Chromic pencardial damage somettmes persists in the nature of
adhestons of varying extent and mmportance Rarely there 15 a residual myo-
€ardia] lesion ag shown by permanent heart block or ventricular dilatation A
discussion of the particular valve lestons of pencarditis and of heart block
%ill be founq 1n Parts 11 and IV of this book Suffice 1t to say here that there
ISavery vade vanation of cardiac damage resulting from the rheumatic mfec
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tion and c g chrome rh heart disease not only wath respect
to the particular parts of the heart mvolved but also with respect to the degree
of mvolvement
It should be added that chrontc cardiac difatation accompanying valvular
defects or pencardral adhesions may be due as much or more to the theumatic
mfection of the myocardium as to the particular valvular handicaps that cause
heart stram Indeed 1t may be conmjectured that m rare cases cardrac enlarge
ment even of hugh degree and Jeading to failure may be due to an old sesere
dent rh 1nvol of the m; dium with Litle or no endo-
cardual or pericatdial scarring Thus 15 an explanation of some of the cases of
heart disease of unknown ongin which appeals to one as logical but which as
yet lacks proof
Symp The symp of rt 1c heart disease depend upon three
factors (1) actnaty of the rheumatic infection (2) obstruction to the circula
tion resulting from the specific lestons and (3) heart failure which may come
as the result of overwhelmmg acute or subacute myocardtis or of chron
valvular discase or of disturbed heart thythm or of two or even all three of
these conditions combmed Many persons with chronsc rbeumatic heart disease
have no symptoms at all and live active lives without difficulty Of greater
immediate importance than study of the structural defects 1s the determinauon
of the presence or absence of activity of the rheumatic infection
The symptoms of acute or subacute rheumatic snfection nclude those of
any nfection but depend also on the reaction of the mdwidual patient to the
causative agent Jomnt pam tenderness swelling heat and redness muscle
aching chorea (rarely combined with jomt symptoms) fever chulls (rarely)
sweating (sometimes profuse) weakness effort syndrome malaise anorex
epistaxs (occasionally), and loss of color and weight are all symptoms of the
active rheumatic mfection Therr severity vares with the virulence of the infec
tion and the resistance of the patient They may be muld and hardly noticeable
—merely shght fever and malarse with or without muscle or joint soreness—
and not always sufficent to cause the victim to stop school or work or 10
mduce the family to consult 2 physician unless they have been educated by
previous expenience or are aware of the Iikelihood of nvolvement of the heart
In rate cases of theumatic fever there may be abdomuna) pam sunulating 13!
of or actually due to an acute appendicitis A low grade sheumatic heart
nfection ordinartly called subacute rhenmatic carditis may set 1f and ot
for weeks or months or even years especially in children showing itself only
by a Joss of energy and by the appearance of 1l health and of a shight elevaio?
of temperature at itervals or daily (99° F or a Itle more by mouth
100° F by rectum) Such a sutuation 15 very common while a virufent poly
arthnitis i children 1s relatively rare A severe short attack of rheumatec feser
with extreme jomt involvement and httle or no heart disease is much mm':
likely to occur in the adult Years ago st was a common though by 10 menﬂd
mvanable rule that the older the individual the more the jomts suffered 3:
the less the heart the younger the subject the more the heart suffered @
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the fess the jomts Jn recent years on the other hand a fulmunatng poly~
arteular theumatism 35 rarcly seen at any age even 1o New England this 15
apparently due to a spontaneous change m the virulence or character of the
theumatic mfection stself though the common and early use of the salicylates
{especally aspirn) for any liness by the populece at large may also have a
moddysng and musleading 1nfluence on the acute rheumatic process

The heart aself when acutely wvaded by the rheumatic nfection only

ly causes p Si 1 may ache so that precordal dis
comfort 15 felt sometumes there are sharp pains m the chest although they
are not common rarely there 1s actual angma pectoris occurting usually m
subacute or chrome valvalar disease with marked nortic regurgitation  prob
ably dependent on msufficient coronary blood supply due not only to low
diastole blood pressure but also to a storm of vaseconstriction mvolving the
foronasy arteries and producing transient hyperteaston n a senswtve ndt
vidual nfrequently chsturbances of rhythm occur such as premature beats
©or pasoxysmial tachycardia giving 7ise to palpitation usvally the palptation
that may be felt 15 but a part of the effort syndrome that accompanies any
mfection Dyspnea also 1s usvally due to effort syndrome but sometimes it
anses from an acute perscarditis or from cardiac dilatatton and farlure accom
Panying an oserwhelming acute myocarditis When the heart fauls during the
acute rheumatic mfection 1 chuldhood 1t 1s a total heart farlure with httle or
o dyspnea but with congestion behind the mght ventricle gwving mse on
0ceasion to upper abd 1 d from of laver and other
abdomunal viscera

The chrome rhewmanc heart frequently fals from the stramn of valvular
disease complscated by a disturbing arthythmia {espectally atnal fibriilatuon)
©rby an acute nfe ¢ or b } then appear the typical
$ymptoms of congestive faiture {see Chapter 30) Angina pectons may occur
with marked aortic stenosis or regurgnation but rarely with other valve defect
Abo without actual failure the obstruction dug 1o mutral stenosis may occa
£0n congestion of the jungs with dyspnea cough hemoptysis or it may Tarely
Sause hoarsenass fram laryngeal paralysis At times the obstruction due to
tncuspid stenoss may block the retumn of blood to the right ventricle and
Teft heart chambers with 1 of liver and large vems smbar
1 the condition found i cases of cheome constrictive pencardins (so-called
Pk 3 disease)

The symptoms of an active rheumatc snfection may frequently be super
imposed on those of chromic theumatic heart disease when there 15 a recurrent
theumatic attack 1n fact heart failure 1n chromic theumatic heart disease 15
often Precipitated by the new mfection or s due more to ds presence than to
the old lestan

Signs The signs of rheumatic heart disease are dependent on the factors of
ahivity of the mfection of the strength of the heart and of the particular
lesions There may be nothing but shght enlargement of the heart with a
Systolie murmur at the apex or a shght diastole murmur along the left border




366 HEART DISEASE
of the sternum found on routine exammation there may be an enormously
enlarged heart with several murmurs absolute arrhythma and marked con
gestive failure or there may be any combination of signs between these two
extremes Commonly mn the child there 15 shight to moderate cardiac enlarge
ment wath normal rhythm moderate systolic and middsastoltc murmurs at the
apex (the result of left ventncular dilatation during the course of the first
rheumatic infection and later on, of mutral valve disease itself) and sometimes
a diastolic blow (of sortic regurgitation) along the left border of the sternum
without frank congestive heart fatlure but frequently with shight fever due to
activity of the rh f Itisa expenence to note the
disapp of the physical signs of rh heart disease (enlargement,
systolic murmur and even mutral diastolic murmur) when cardrac dilatation
subsides alony, with the active rheumatic nfection (Bland Jones and White
1936) thesesigns especially the mitral drastolic murmur used to be attnbuted
to chronic heart disease but now 1t 15 realized that usually an mterval of severdl
Yyears 1s y for the blish of structural fmutral stenosis Com
monly m the adult on the other hand especrally 1n the female there 152
well marked apical drastolic murmur of nutral stenosis, absolute arrhythmi
of atnal fibnllation and very hmited cardiac reserve or shght to moderaté
congestive farlure with or without aortic regurgitation 1n the adult male on¢
finds somewhat more often a prepond: or even ly 1solated aotie
valve lesion (stenosts, regurgitation or both) with normal rhythm Although
these findiags are the most common they may be replaced by others The
signs of the particular valve defects will be discussed n Part 111

The more severe cases of active theumatic infection may show also frank
congestive heart failure which m childhood mvolves the whole heart wilh

! venous (big Itver and dependent edema 1

cluding the face with the child lying flat) rather than pulmonary congestio®
due to pnimary left heart failure (Walsh and Sprague 1941)

Infrequently one finds m acute rheumnatism two additional signs which are

and rh nodules and sk

lestons
Rheumatic nodules are important signs of a severe rheumatic nfection
their p di that the infe 1s still active even though the¥

persist or recur for many months These nodules vary m size number Jocation
and with the seventy of the disease Usually of pinhead to pea size and shap
rarely as large a» Lima beans they are found most commonly 5ubcu(ancausb
and are loosely attached to tendon sheath periosteum or joint capsule OVt
elbows knees ankles skull fingers wnsts toes and shoulders m frequenc)
10 about the order named and usually more or less symmietrically on the %
sides of the body (Figure 84) When very extensive they may be four

scattered over the entire head thorax and long bones In number they vany
from two or three a commen finding to one hundred or more very "‘"'L's
They tend to come and go singly or in crops each one Jastng for a few (ht’;c
or weeks they may not completely disappear for months In some parts of ¢
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world they are more common than 1n others but this varation s probably
due mainly to the seventy of the inf Thetr mcide has ded from
2or 3 per cent to over 75 per cent 1o different groups of patients with acute
h f hife They are less commonly seen
nowadays in New England than they were two or three decades ago perhaps
paralleling the decrease mn the seventty of the disease itself
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FIG 34 Photograph showing jomnts of child with rheumatic nodules on elbow ankle
and foot Note nodule also on the tendo Achillic (Kindness of the Cardrac Clini
Chuldren s Hospital Boston )

Erythema muluforme (margmatam) 1s the commonest of the cutaneous
signs the rh f occurning m about 15 per cent
©of the cases at some ttme or other tending to recur over periods of a few
weeks or months and to appear mn patients who have had or who later develop
theumatic nodules Erythema nodosum urticarta and angroneurotic edema
are relatively tare Purpura and petechual h hages are some
umes found Petechiae may be readily produced in the skin of subjects with
an acute or subacute rheumatic infectton by pressure as with a blood pressure
cuff this 1s due to the tendency to bleed wiuch 1s a part of rheumatic fever
as welt as of bactersal endocarditis

Other occasional signs of severe rheumatic nfection are those of acute
pleunts acute pencarditis or both fibrinous or with effusion and sometimes
hrmonhagc pulmonary disease (areas of hemorrhagic consohdation) which
are apparently of rheumatic ongin and as a rule saprd 1 thesr appearance
and d Chrome adh p may show itself tn the
Tecovered cases but often 1t gives no clear sign This wall be further discussed
0 Part 11T of this book

—
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The results of all other methods of examnation of an individual with
rheumatic heart disease are hhewise dependent on the three factors of activily
of infection cardiac nsuflictency, and the particular structural leston Com
monly 1t 15 the presence of mitral valve disease and of stenosis of that vahe
that accounts for the findings in chronic cases

The blood pressure 1s normal or low unless there 15 2 complicating essential
hypertension  thyrotoxicosts, or derable aortic The pulse
and pulse pressure are very full when there 15 marked aortic regurgitation
small when there 1s constderable mutral stenosis and very small when there
1s pronounced aortic stenosis

Roentgenologic study 1s of help m following a case of rheumatic heatt
disease In the acute infection and early stages of organtc mnvolvement the
heart shadow may be normal or it may reveal enlargement and change m
shape of the heart shadow due most often to more or less acute dilatation
of the heart (Figure 85) or less commonly to accumulation of flud m the
pencardium 1n rheumatic pericarditis or to both of these condittons In
chrontc cases 1t shows varnious typical changes of shape and size when there
are well marked chronic valvular lestons (see Chapter 26)

The electrocardtogram may be normal 1 rheumatic heart disease except
for a rapid rate (sinoatnial tachycardia) which 1s found frequently, but of
many senal records are taken of any case abnormaltties are commonly
found though often m but a few records When the electrocardiogram 15
abnormal 1t may show erther an arrhythmia delay 1n conduction between atfia
and ventricles abnormal 7' waves ntraventacular block or abnormal avs
deviation The rhythm 1s absolutely wrregular 1 more than half of the adult
cases with marked mitral stenosts but 1t 15 generally normal or disturbed only
by premature beats 1 aortic valve disease,. pertcarditis or preponderant mitral
regurgitation Slight grades of heart block as shown by P-R ntervals of 021 0
022 second are common during the acute rheumatic infection (Figure 86)
and even P R mterval prolongation to 0 25 second dropped beats or highef
grades of block are occastonally seen Thes finding of block may be the only
sign of cardiac involvement and 1t has been noted in rare cases as the first
evidence of the rhoumatic infection in the body polyarthrins developin
shortly afterward (White 1916) Also 1n very rare cases the heart Block
during the active infection may progress to such a high degree that Adams
Stokes attacks occur for a short ume As a rule the heart block clears VP
when the rheumatic infection subsides but a few mstances of permanctt
rheumatic heart block have been noted and it has also been observed that
theumatic heart cases with a persistently prolonged P-R intenal are more
lkely to develop atnal fibnilaton than are those whose P R interval
normal due in part 1t 1s suggested to vagal action (Bruenn 1937 Altschule
1939) It 1s important to note morcover that prolongation and vanabilt
of the P R 1nterval can occur in normal children as well as 11 sheumatc
children without evidence of rheumatic activity (Reyersbach and Rottnes
1940)
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G 85 showing (A4) derable dilatation of the heart 1 a
Young gul during aoute theumatic fever and (B) reduction tn heart size several months

dilatation subsided There was no evidence of acute pericarditis Note the rather localized
Pulmonary edema m the right lung in (4) The transverse diameter of the heart in (A)
%as 11 6 cm and in (8) 104 cm
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In addition to the delay m atrioventricular conduction shght deformuties of
the QRS and T waves or of the §-7 segment are occastonally noted durtng
the acute and subacute nfection and may represent slight transient intra
ventricular block myocarditis and perscarditts, rarely they may persist In
a few cases of chromc rheumatic heart disease particularly with mitral
stenosis bundle branch block of the night type with wide S, or 05, may be
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¥16 86 Electrocardiograms showtng Lead 2 1n (A) during acute_rheumatic fevet
Dec 17 1935 and 1n (B) two weeks later during convalescence Jan 2 1936 Note the
profonged P R mterval (025 second) 1 (A) and normal P R nterval (017 second) 1
{B) Boy 13 years old Twme == 01 and 02 second

found Funally 1t 1s common to find abrormal axis deviation and ventneulaf
preponderince 1 chronic valvular disease if either mutral stenosts or aore
regurgitation 3s preponderant and of marked degree rnght axis deviation
occurring with the former and left axis deviation with the latter Absence
of abnormal axis deviation by no means rules out either valvular lesion in
fact high degrees of both may be present 1n the same case with normal electre
axis deviatton the effect of involvement of one of the valves neutralizing the
eflect of involvement of the other 1n the classical hmb leads but the prccordla‘
Jeads reveal the enlargement of both ventricles A very mteresting electo-
card| phic finding ly seen 1n acute rheumatic fever with con
gestive heart fatlure 1s a shift of the electric axis to the npht due doubtless
1n large part to the acute nght ventricular dilatatton (more marked thas
that on the left side) which decreases or disappears with the patients 17

provement or recovery (Walsh and Sprague 1941) Prolongation of g’\:
Q T ume has been reported 1n rheumatic fever but it 1s not & consist
) rather thad

finding and may be duc to other factors (e §, cardiac enlargement
to the rheumatic fever atself
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Blood and unne ate frequently abnormal when these 15 an achive theumatic
or comp fi ar cong; falare A Jeukocytosts of 10000 or
over often but not always accompames acute rheumanc heart disease the
severer the mnfection the hugher the white count but 1t rately passes 20 000
A sltght or even moderately severe hypochromuc anerma 18 Lommon m
chuldren with active rheumatic heart disease The sedsmentation rate of the
blood 55 usually wnwureased n proportion to the actiaty of the rheumatic
disease and may be the only evidence that persssts of a long-drawn out low
gade mifecton The blood culture 15 usually negative A posttive skin re
hon has been reported as a frequent finding when the toxic filtrate of the
bemolytie streptococcus {or sts mucleoprotem) s myected intradermally in
Ptents who have had theumatie fever but this has been found to be a non
Specifie reaction that 15 1t occurs also n cases who have had Streptococeus
bemolyticus 2af without rh fever Alb 35 the usual
finding dunng congestive heart faslure and during moderate or hugh fever 1
the acute theumstic mfection Occasional red blood corpuscles. are frequently
found in the urmaty sediment dunng the active mfection

Course and prognosis Rheumanc heart disease begans with an acute 1n
Vasion of the heart generally 1n cluldhood between the ages of 4 and 12 years
Instances of very early mfection aze on record even in the fetus and m the
mursng wnfant whose mothers had rheumatic fever at the time on the other

nd the th f and tung heart disease have sometimes
oveurred first 11 adult be imitral attacks of sheumatsc fever have been reported
M s1x patients aver 60 years of age {Fernis and Myers 1935) I have myself
€ncountered cases with recurrent attacks at 66 and at 72 years of age The
€ather m bfe the cardiac volvement the more sesious it 1s Ikely to be and
the shorter the patients fe It 1s usual for the chid to survive the first
Fhevmatic ifection whether 2 15 frank shesmate fever chorea ilf-defined
sickness or rheumatic heart infection alone Although thus eacliest infecton
M often myld 5t may last for months or years and leave 2 badly coppled heast

CBrrent safections throughout childhood may cause death by heart fastore
by the toxe effect of the disease itself or by compheations But wsually there
18 survival gy spite of ope two three or more fresh attacks or exacerbations
of Theumatism 19 chiidhood and youth the victim showing a vanable amount
of permanent heart damage by the time he reaches the age of 20 years

1ely does he escape unscathed wriless be has kad but one or at most two
shight attacks of rheumatism The greater the number of recurrences of the
Blection the greater 15 the heart damage In adult ke he yuns far less nisk
Fom new rheumatic attacks but on the other hand he suns three other nsks
(1) atnat fibnsttation (2) congestive heart fatfure and (3) subaeute bacteral
{Suept, vindans) ditis The first of these complications (atrral
fbrillation) 15 common 1n the case of well marked mitral stenosis but st 15
selatively rare i all other cases The second (congestive falure ) 35 hhely 10
RUL 10 any severely damaged heart when there 13 sorue or mizal valve
disease d yeardsa {esp Y atnal fibnilation)

"y
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mfection rheumauc or otherwise which adds appreciably to the strain The
third (subacute bactertal endocarditis) ts commonest 1n aortic vahve disease
or with mutral lesions 1n which stenosts 1s not marked that 1s when regure
tation predommates so 1t 1s most common 11 just that type of chromic they
matic heart disease which atnal fibnllation and congestnve failure are not
Irkely to accompany but why this should be so we do not yet know
Death from heart failure or pl f ly overtahes
the victm of rheumatic heart disease 1 the second fourth or fifth decade
of bfc after many years usually ten to twenty of partial crippling and
restriction of actvity and after a few years usually two to five of partial or
lete mvalid S however if the lesions are but slght and
the subject 1s careful fortunate or both he may sunwve to old age and die
a noncardiac death Shght mutral stenosts or regurgitatton sight aorhc
stenosts or regurgitaton and a noncnippling adhesive pencarditis are alt
Iestons that are well borne with respect both to duration and to activity of
Ife but in general the mutral valve lesions are better bome than the aorc
A ten year follow up of 506 cases with rheumatic valvular lestons gave 4
relative mortality of 3 7 per cent for mmtral msufficrency, 125 per cent for
mutral stenosis and 374 per cent for aortic valve lestons with or wathout
mutral valve involvement (Svartz and Ernberg 1947) In Texas Fashena
(1944) found the death rate from rheumatic fever n the school age period to
be not very different from that i New England or m the Umted States 3s 3
whole Cases of mtral stenosts surviving the age of 80 jears are now ob
record (White and Bland 1941) Wilson and Lubschez (1948) have prt
sented some mnteresting data as to longevity based on a thirty year pened 0
observation of 1042 children who had rheumatic fever The mean age &
onset of therr rtheumatism was 6 5 years The average length of observation
was 148 years among 226 deaths 757 per cent were due fo rheumath
disease of the heart and 10 2 per cent to subacute bacterial endocarditts They
concluded that an affected chuld has 4 chances out of § ta survive childh
3 out of 4 to survive puberty and then 19 chances out of 20 to survive early
adult Ife, with an overall chance of 1 out of 2 to survive the age of 40 years
Complicatrons The three most mmportant complications of rheumatic eart
disease have been mentioned above (1) atral fibrillation which complicates
twa thueds of the cases of considerable tutsal stenass and about one fifth @
all cases of chromc rheumatic heart disease (17 5 per cent of the 956 cases
of White and Jones semes) (2) congestive heart falure which eventually
complicates at least two thirds of all cases and {3) subacute bactersal (Strepto-
coccus viridans) endocarditis which attacks one 1n every 4 to 20 cases (2519
5 per cent) of theumatic heart mvolvement Jones and Bland (1942) hat¢
found subacute bacternal endocarditis 1n 16 (7 9 per cent) of 203 fatal €3¢
of rheumatic fever or rheumatic heart disease while Gelfman (1943) hn;
reported the finding of such mvolvement m 25 cent of autopsted €as¢s o
rheumatic heart disease in two Boston hosp common or mportsst
complications are ¢u discase of White and Joncs
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senes) essential hy pertension (also n 2 per cent of White and Jones senes)
syphilitsc aortitis defects th and emphy {each of
which last named conditions complicated less than 1 per cent of White and
Jones senes) Neurocirculatory asthenra frequently 1s found 1o varying degree
m the vicum of rheumatic heart disease 3t was well marhed i 37 of the 956
cases (4 per cent) of the semes noted above (White and Jones) Mild and
senous infectsons of all sorts nephnuis pulmonary disease nervous diseases
and lesions of the 1 tract may 1 1t heart
disease but 1t 15 of interest to note that glomer ph rarely p
rheumatic fever nself (Baehr and Schifrin 1931) The relative mfrequency
of pulmonary tuberculosis n cases of well marked mutral stenosis has been
pomted out 1t has been suggested that the chromic pulmonary stasis 1n mitral
stenosss protects the lungs from tuberculosis

Four comphcatons of rheumatic heart disease are largely dependent on
the mutral stenosts or congestive failure that may be present The commonest
1s pulmonary embolism which may anse 1n dilated night heart chambers but
most often comes from thrombosed veins mn legs resulting largely from the
‘enous stasis secondary to the heart trouble Emboltsm to bramn or elsewhere
may result from thrombosis 1n the left atum  Acute pulmonary congestion
Pmducmg edema or hemoptysis may come from imncreased pressure i the
P“lmonary arculation due to mitral stenosts especially when there 15 a rapid
heart rate Rarely hoarseness may result from left recurrent laryngeal paralysis

Another rare complication namely that of angina pectons may attend
theumatic heart disease 1t was found 1 13 of White and Jones sertes of 956
cases the 5 older cases having coronary disease and the 8 younger ones marked
aottic regurgitation Angina pectoris may also very rarely complicate mitral
stenosis in young people (Hochrein 1930)

Of disturbances of rhythm atnal fibnllation and heart block have been
discussed  Atnal flutter 1s rare generally complicating mitral stenosis Par-
Ooxysmal tachycardia (regular) 1s common but less frequent than atrial fibnlla~
tion The Presence of sinus arrhythmia although somewhat favorable 1s of
lttle and 1n the Judgment of a case since 3t does not indicate that the heart 1s
Rormal and since 1t does not prove that a low grade active wnfection 1s no
longer 1 Pprogress as was once thought

Treatment No treatment for theumatic heart disease per se 1s needed unless
One or more of the important 1] are p t—mnfection atnal
fibrillation or flutter or falure The of the arrhyt
and of congestive farlure 1s discussed 1n Part TV of this book In prevention of
acute theumatism esther 1n first or 1n recurrent attacks the most important
Mmeasure 1s the avoidance of upper respiratory infections or the early and
adequate use of Ilin 1f the hemoly p 1s the offending agent
Ahhough helpful 1t 15 not essential to enlist the aid of a mild climate for
hildren haye been kept well even 1n open air sanatona 1 the north 1n the

‘;;Tg; by practical exclusion of nfected contacts (Hubbard and Gnffin
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If acute or subacute rheumatic infection 1s present rest i bed, a hght sumple
diet with adequate vitamins and appropriate therapy directed aganst the
nfection are mndicated Usually good nursing care 15 of prime 1mportance and
worth more than most drugs Satisfactory gam 1 weight 1s a good indication
of the favorable progress of convalescence but it 1s not a sign of cure

In the third edition of this book 1t was stated that for the rheumatic 1n
fection stsclf no specific therapy has as yet been established although much
reltance has been placed by some on the salicylates which without any ques
tion have a well mgh specific effect 1n the rapid control of fever jout swell
g and pan m rheamatic fever for which purpose they may be freely used
Tt 1s possible also though not proved that salicylate therapy may help 10
effect a rapid absorption of rheumatic pericardial and pleural exudste and
effusion ’ Since that time hormone therapy of arthrtis and certamn othet
diseases mcluding rheumatic fever, has been mtroduced winch may or maf
not prove to be specific or very near 1t

Hormone therapy The applicaton of ACTH (adrenocorticotropic hor
mone) to acute theumatic fuver has been tried recently with surpnsing 1@
mediate success 1n the majority of cases for example seven patients at the
House of the Good Samantan m Boston given 10 to 25 mg of ACTH four
times a day for four to six weeks have ail responded favorably As a rule
therr temperature has been reduced to normal 1n two to three days their
sedimentation rates have become normal m two weeks and even thost
serously 1l with congestive faslure have improved greatly although they still
may need other treatment for the congestion itself Cortisone also has been
found to be effective 1 suppressing the disease (Hench et al , 1950) These
prelirmnary observations of course need further confirmation and more pro-
longed follow up

Salicylate therapy A dose of 15 to 30 gr (1 to 2 gm) of sodim salicylate
with an equal amount of sodum bicarbonate every two to four hours untit
relief of symptoms and of fever or a toxic reactton (tinmtus nausea yomiting
urticaria) has ensued 1s sometimes recommended with great benefit 12 this
way even 150 to 240 gr (10 to 16 gm) may be adminmistered 1n a single day
Rarely 1s 1t necessary or possible to continue such a large dosage for mor®

than a few days For children the dosage of salicylate may be halved and for
1nfants one fifth to one tenth of the amount given to adults should suffice but
of course this medicine will rarely be needed at such an early age a

Intravenous salicylate therapy 1n large dosage has been tried out controll!
by testing the concentration of the drug n the blood (Coburn, 1944), but 15
early promise like the saturation by oral salicylates a good many years ”wf

nas not been confirmed Thus the st made 1n the p editions ©
this book still hold namely that the antipyretic effect of salicylates s
stantly given may conceivably be harmful by masking some of the e\ldt"i‘
of activity of the mfection and so msleading one into a false sense of securt y,’
and that 1f salicylates are used they should be employcd only for sympw’;;
of d fort due to 4 to the discase and occastonally

if cot
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omitted for a few days at a time to determine the true course of the disease
(temperature leukocyte count and signs and symptoms) However m the
course of the tnal of mfravenous salicylate therapy a useful test for blood
salicylate content was devised It has been demonstrated ncidentally that
as lugh a blood concentration of salicylate can be secured by oral admims
tration as by intravenous Finally a warmng 1s due as to the toxic effects of
salicylate porsoming mncluding a tendency to bleed and even delmum—such
toxicity 13 more readily produced by ntravenous administration

Vitamun C therapy Apparently midway between the effects of ACTH and
salicylates 1s that of massive doses of vitamin C the favorable effect of which
has recently been described by Massell etal 1950 Acute theumatic mvolve-
ment has been controlled 1n a senies of cases by the admistration of 1 gm of
witzmin C 1n orange or apple juice four times a day The exact mechamsm by
which this effect 15 produced 1s still obscure

No place has been found for antiustarmme drug therapy i rheumatic fever
despite the common supposition that this disease may be related to the
allergies

Serum treatment of the acute rheumatic infection whether or not the
wfection 1nvolves the heart has never evolved from the expenmental stage
The wse of speaific monovalent or polyvalent streptococcus vaccines has
also been suggested and tried but further study 1s needed before definite
conclusions can be reached A possible success of such therapy 1s to be
ascribed rather to the red of f which may excite

P
the theumatuc 1nfection than to the primary control of the rheumatic infection
Atself

A much more important prophylactic measure recently introduced that
bids farr to reduce the d of the rt f m imtial and
especially mn recurrent attacks has been first the administration of sulfona

mide drugs 1n small dosage routinely throughout the winter and spring to
susceptible children (eg 10to 13 gm 15 to 20 gr sulfamilarmde divided

o 2 or 3 doses daily to a child of 8 years) to ward off or m larger
dosage to treat the hemolytic streptococcus wnfections that so often precipitate
active rtheumatism and heart disease (Thomas et al 1939 1941 1942
Cobum 1941 Hansen et al 1942 and Kuttner and Reyersbach  1943)

and more promusing still of late the use of pemcillin especially at the time

of exposure to 2 streptococeus sore throat or when such 1s just beginming
(Maliner and Amsterdam 1947 Goemer et al 1947 Milzer etal 1948
Massell et al 1948 Denny etal 1950) A daily oral dose of 100 000 to

300 Qoo umts of pentcillin has been found apparently effective (Pitt Evans

1950 Massell personal communication 1950) Simular preventive medicine

may hopefully be practiced dunng acute or op proced
(fspcnal(y dental extractions) m the case of individuals with chronic rheu

male heart disease to ward off subacute bacterial endocarditis We still awart
however the final word as to the efficacy of these drugs in the prevention both -~
of theumatic fever and of subacute bactersal endocarditis
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It 15 to be noted that netther penictllin nor streptomycin nor the sulfonamudes
have any favorable influence on the rheumatic process per se 1n fact the two
latter may cause harm by their toxic effect

The treatment of chorea has been no more satisfactory than that of rheumatic
fever Absolute rest and quiet, with good nursing care are more effective than
any other measures Netther arsentc (e g Fowler s solutton) nor the salicyl
ates nor other drugs or serum appear to have any specific action m con
trolling chorea except for a promising recent experience with hormonal therapy
(adrenocorticotropic hormone) For very severe (convulsive) chorea mag
neswm sulfate mt larly, intr 1y or intraspinally (in 25 per cent
solution) has been reported to have a sedative effect Phenobarbital (Lummnal)
barbital (Veronal) or other mild sedatives tincture of stramomum and
continuous baths have also been recommended Febrile therapy by the use
of foreign proten such as typhoid vaceine has also been used but this as 2
matter of fact may do harm by mciting an attack of rheumatic fever (Bland
and Jones 1935)

The convalescent care of patients suffering from subacute rheumatic nfec
tions long contmued and lasting for weeks months or even years has beet
a problem attracting much attention 1 recent years It 1s generally agreed that
the active stage of the infection should be treated by rest in bed but there
comes a time when 1t 1s difficult or 1mpossible to be sure whether or not the

f has completely subsided In the case of restless children who fecl
well enough to run about and whose control 1 difficult at home much dtscre
tion must be used for such cases institutional care where the disciphne 15
good or superviston by able nurses may be essential during the active Stagé
of the infection When with the patient at rest in bed and not taking salicylates
the temperature no longer nses over 99° F by mouth or 100° F by rectum
the leukocyte count remains below 9 000 the sedimentation rate becomes

normal the pulse rate keeps under 100 symptoms and signs of infection hnv:
disappeared and the nutnition 15 improved I may be ¢ d
to have begun The further length of time after that during, which rest i@ bed
should be continued and the rapidity at which convalescence should be
allowed to proceed to full normal actrvity should not be determined by 81
set rule (some have been suggested) but by the conditions 1n the indivdual
case After severc mfection a mimmum of several months of convalescence
should be prescribed before return to normal activity duning this penod 2
foster home or preferably the ctuld s own home should be utilized with traft
1ng of the family to cope properly with the situation

Removal of the patient to a tropical chimate for example Puerto Rico
(Coburm 1931) or southern Flonda (our own experience Jones White
Roche Perdue and Ryan 1931 to 1936 mnclusne reported 1n 1937) from
the north dunng the colder seasons has been found generally to act h\orabl,)‘
1n restoring health to children who show an active rheumatic state z:l(houg7c
beneficial as a rule it cannot be regarded as specific and 1t 1s an expensi
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procedure often not justifiable Permanent residence 1n the tropics 1s preferable
fa rheumatic fanuly can readily arrange it

During convalescence massage and then the stmple exercises of walking
ftng and carrying will help to restore normal circulation and muscle function
in the extremities Special graded exercises are not necessary if common sense
1sused Of great help :n many cases has been recreational and even occupa
tional therapy during convalescence and during the acute imfectious stage
membership in the In Bed Club for Children developed by Edith Terry
of the Massachusetts General Hospital has greatly aided the morale of many
hundreds of youngsters and therr famultes

Tonsdlectomy 1s advisable 1 many patients with chrome rheumatic heart
disease provided therr tonsils are infected or abnormally large and provided
their hearts are 1n satisfactory condition to stand the operation as they usually
ate It 15 also to be recommended 1n many cases following active rheumatic
infection after \! 1s well blished It has been advised and
¢arnied out even during the acute stage of the infection apparently sometimes
with immediate benefit but certarnly sometimes with exacerbation of trouble
this di 1s not to be ded 1n most cases during the active
process ‘The prophylactic effect of routine tonsil removal n the case of
rheumatic infection (rheumatic fever chorea heart disease) has however
been disappointing there has been only shght evidence that 1t protects against
either 1mitral or recurrent attacks If the tonsils are however infected or en
larged or 1f there are repeated attacks of tonsilliis complete tonsillectomy
should certainly be done 1n such cases 1t 1s undoubtedly beneficial n the
long run The adenoid tissue 1n the ynx should be d with the
tonsils If the operation 1s done 1 very young children it usually has to be
Tepeated after some years because of the new growth of lymphord tissue
the pharynx

Roentgen irradiation of the heart has also been tried 1n the therapy of
active rheumatic infection (acute endocarditis and myocarditis) but its value
has not been confirmed

Surgical treatment of chromc rheumatic heart disease 1s limuted to but very
few cases Despite the falure of nutral valvulotomy over 20 years ago
Tenewed attempts are underway at present to apply surgical therapy to valve
defects but 1t 15 as yet too early to gauge the results or even to prophesy the
vanous techmcs that will be applied even plastic replacements have been
suggested One special condition due to theumatic heart disease has however
already been dramatically helped by surgery and that 1s recurrent pulmonary
edema secondary to tight mtral stenosts Three methods have been used which
Wil be described 1 more detarl m Chapter 26 They consst of (1) production
of an atrial septal defect to relieve the high pressure m the left atnum and
lungs (2) more P Ily and ly to a nght pul y
Vem to the vena azygos major and (3) probably best of all the surgical sepa-~
Tatton at thesr commussures of the adherent cusps of the mutral valve

4
r
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For acute pertcardial eff ¥ 15 'y mn rare cases only
Chronie pertcardiis of rheumatic ongin 1s not the type requinng surgery m
contrast to that due to tuberculosis

Prevention The prevention of rheumatic fever and thereby of rheumatic
heart disease has become a practical reality It consists to date of several pro-
cedures (1) improvement of Iiving condttions (2) protectton agamst hemo-
Iytic streptococcus nfection by contact with an infected individual (3) the
prophylactic use of pemcillin 1n the case of a susceptible person when there
15 such contact or when such mfection begins m the mdividual concerned and
(4) avordance when possible of residence 1 chimatic areas (high and cold
mn particular) where hemolytic strep f and rt fever
are common

Dk

fit Rh heart disease 1 active form has to be
differentiated from any acute mfection especially if there happen to be heart
murmurs The differentiation 15 generally easy in older children and adults
because of joint and heart signs and symptoms but in very young children
1n whom the rheumattc nfectton 1s 1ll defined the problem may be a very
difficult one to be solved only by continued and careful observation In
young adults with chromc rheumatic heart disease 1t may sometimes e
difficult to distinguish at first whether a new mfection 1s a recurrent rheumatic
attack or sub bactenal (Strep vindans) end d! The fewer
jomt symptoms Jonger course wider temperature swings greater anemia and
eventual appearance of charactenstic signs of embolism clubbed fingers
splenomegaly and positive blood culture graduatly ailow the d. of

t bactertal end d; from acute rheumatism The intradermst
reaction to the toxic filtrate of the hemoly tic streptococcus 1s generally positive
1n the rheumatic snfection and Ily neg: 1n sut bacterial endo-
carditis this 15 helpful but not conclusive It 1s important to note that the
active rh f and sub bacteral ‘endocarditis may 0cte
simultaneously in the same case (helson and White 1945)

Septic chronic or rheumatord arthntis offers as a rule Ittle difficulty Im
the differential diagnosis except when there happens to be a complicanon
of heart disease or delayed A V conduction or when both diseases af®
present 1n the same case then careful study 1s needed Rare cases are however
msoluble there being no sharp boundary line especially between sheumatord
arthntis and rheumatic fever

Chromnic rheumatic heart disease must be differentiated from conditions hke
severe anemia which grve nise to functional cardiac dilatation and murmufs
‘This 15 generally eastly done by the discovery of the underlying cause such a8
ancma and by the history which shows that the heart symptoms Of siens
appeared for the first time after the onset of the underlying disease

The rheumatic type of heart discase must be differentiated from other types
not always an casy procedure The age the history of rheumatic 1nfectio®
farmly incidence the preponderant mutral valve mvolvement and the absent®
of other causative factors hike syphthis thyrotoxicosis hypertension and cof
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onary disease usually disingnsh pnmary rheumate heart disease from other
types It1s to be remembered however that two or three different factors may
sunultaneously cause heart disease 1n 2 given case much care and good Judg-
ment must be exercised not only to determine these causes but also to decide
thexr relative responsibility
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CHAPTER 15

——

ACUTE AND SUBACUTE BACTERIAL
{INFECTIVE) ENDOCARDITIS

Penccillin and other new specsfic therapeutic agents have already greatly
reduced the serousaess of the discases discussed i the presept <hapter and
e may hope that eventuaily the reduction or even complete control of
Remalytic st and other infe and of and
Reast diseace May sender 1t obsolete Much of what was panted m earhier eds
H1oms of this book 13 now merely of historcal interest

A discussion of acute and subacute bactertal Gnfective)  endocardins
(malignant

ditis) follows aftes the last two chapters because
bactersal endocardyys has been frequent 1 early adult ife and has been i 15
subacute forg an 3! of rh and of

beart disease

S5 tWO types of cardiae snfection have been called acute bactenal endo-
Carditss and sy bactertal end because of therr chin

h Staphylococcus aureus or pnenmococcus endocarditis 15 preferable to
2eute bactenal end, ditis as a d and Strep vindans or
2pha hemotyticys endocarditis 15 a better term than subacute bactersal endo-
“rdits The ward infective 15 sometumes employed mstead of bactersal
and i former days both of these groups of mfection of the heart were classed
fogether a4 \ d d with much fi

use of the almest mvanably fatal outcome in those days but unsuwitable
because of 1he y of the word mahignant 10 new prowns
nd becayge of the high recovery tate nowadays

2 farge senes of cases of acute and subacute bactersa endocardius (199
Cases wath 138 autopsies) studied 25 years ago the responsible OTgaMISMS were
found ag shown in Tabie 7 page 386
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Acute and subacute bacterial endocarditis are alike 1n that they are both
sertous diseases attended by 1nvaston of the endocardium by wirulent organ
1sms almost wholly of the coccus family, there may be a simiar mvasion of
the wafis of the great arterres (bactersal endartertts) The duration and vine
Jence of the diseases are the only ponts i which they differ chimcalls An
arbitrary borderhne of two months has been set between them If the infection
15 2 violent one lasting but a few days or weeks 1t has been called acute bac
tenal endocarditis 1f 1t 15 slow 1n 1ts course lasting over two or three months

Table 7

BACTERIA CAUSING INFECTIVE BACTERIAL ENDOCARDITIS

Per Cent
Streptococcus 57
Preumococcus 14
Staphylococcus aureus 13
Gonocowcus H)
Influenza bacillus 4
Staphylococeus albus 1 (Thayer 1925)

1t has been called subacute bacteral endocarditis Generally the latter 1s caused
by one orgamsm the Steeptococeus vindans while the former 1s caused by
any one of a large number of organisms Rarely a Streptococcus vindans m
fection 13 so rapid that it falls mto the acute bacterial group and rarely one of
the other organisms 15 so much resisted that 1t falls 1nto the subacute bactenal
group as happens nfrequently in the case of the gonococceus or of the mfluenza
bacillus

A hugh mortality was once charactenstic of these diseases, prior to the use
of pemcillin early in 1944 but now recoveries are the rule and prevente
measures are also highly effective espectally 1 the case of the acute type Mid
nfection with these orgamsms resulting 1n demonstrable valvular deformity
after recovery may possibly account for some of the chrontc valvular diseas
found 1n cases without a history of a rheumatic infection but the extent ©0
which this occurs 1s not actually known and must be regarded st as 23
open question In the present state of our knowledge 1t 15 reasonable 1
assttme that the majonity of cases of chronic nonsyphilitic valvular disease 2¢
rheumauc 1n ongin

Fmally there 15 a considerable number of cases of very fresh endocarditss
of shight or mod degree d d only by the p 1 at poslmbm";
examunation of wdviduals dying of a great vanicty of diseases Such termma
endocarditis 1s of academic and pathologie interest afone for it usually €0
not be dtagnosed chnically and has tntle or nothing to do with the death of the
patient We do not ordinanly designate under the term acute bactertal endo”
carditis this shight terminal endocarditis that has Jutle or no chmeal $1¢
mficance
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ACUTE BACTERIAL ENDOCARDITIS

Acute bactental endocardiuis or endartenitis consists of an acute nonchen
matic iavaston of endocardium or arterial endothel esther p d
cras 2 part of other acute tliness 1t 15 attended by the symptoms and signs of
asevere infection and 1 days gone by ended often 1n fact usually in death
i the course of two months but now recovery is the rule m the rare cases
that stil appear Cases in which 1t occurs number well under 1 per cent of all
fypes of heart disease and of all types of endocardius if we exclude the termy
nal endocardutis that has no chricat sigmificance

Efwlogy Canse The bactersum responsible for thus disease may be any

one of several Ny either the Strep h lyticus the
Staphylococcus auseus the Bactilus cols the p the
ot the These six had been

found an acute bactenial endocarditis 1 Boston before the days of penteillin sn
the followsng relative frequency making up nearly 100 per cent of the total
of cases the Streptococcus hemolyticus 43 6 per cent the Staphylococcus
2urens 22 8 per cent the Bacillus colt communis 10 S per cent the pneumo
coccus 8 4 per cent the gonococcus 4 2 per cent and the memngococeus 4 2
pet cent {(Phipps 1932 wath additional data by Dexter personal qommum
S@tion a total of 48 autopsied cases of acute bactertal endocardsts)

Other bactersa that have been reported as rare cavses of acute bacterial en
docarditis are the Staphylococcus albus the typhod bacilius the enterococcus

the My the B acidi lacticr the Streptococcus
vindags the parainfluenza bacillus (Russell and Fiides 1928 Fox 1935)
the plague baculus Brucella met {Malta or undulant fever b )

and the Micrococcus endocarditids rugatus
These orgamsms enter the circulation and attack the heart usually m the
¢otirse of severe iliness elsewhere 1n the body such as pneumonta puerperal

infection gonorrheal th pyemia g and menm
BUs In one senes of 400 fatal cases of preumonia examned post mortem 22
mstances of di were found (Menetner

1919} and 1 another senes of 337 fatal cases of pnsumonia there were 14
€ases of preumococcus endocarditis (4 15 per cent) (Lord 1932) In 2
series of 402 fatal cases of puerperal fever acute streptococeus endocardatis
*as found 8 times (Rurz and Garcia 1926) Happily all this s now essentially
Bast lustory since there is at present specific therapy for almost all these
Prmary infections
'ere 15 another source of nfeciton that is not yet under adequate control
and thay 1 (esp with a staphyh ) resulting from the
self medication hypodermically by narcotic addicts (Hussey etal 1944 Lutt
8403 1949) In such cases there 15 usually no pre-exssting valvelar disease
Age Acute bactenal endocarditis may oceur at any age from infancy to
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old age but it 1s most frequent 1n the fifth decade It may rarely occur 2kso
fetal Lfe

Sex Males are more subject to the disease than are females (73 per cent
males to 27 per cent females m Phipps senes 1932)

Predisposing factors Although this acute cardiac mfection may occur 1
hearts previously undamaged 1t 1s more likely to attack those hearts already
d d with th lesions or defects or leroti
changes where the soil 1s more suitable {60 per cent of Phipps senes 1932)

Pathology In acute bacterial endocarditis the valve cusps and frequendy
also the chordae tendmeae and endocardium of atrium or ventricle (more com
monly the left) and sometimes even the mtima of aorta or patent ductus
arteniosts are the site of the deposition of thrombn called vegetations these
vegetations are of varying size sometimes as large as peas or beans ard
they consist of irregular masses of fibnn leukocytes and colomies of bactend
Any valve may be markedly involved but the pulmonary 1s only rarely of
fected In acute bacterial endocarditis though less strikingly than sn rheumate
heart disease the valves of the left side of the heart are more frequeatly 1t
volved than those of the night side The aortic valve is about as frequently
affected as 1s the mutral In a sertes of 23 cases of pneumococcus endocardis
the left side of the heart was involved alone n 18 the night side alone 12 3
and both sides 10 2 while the nutral valve was affected 1 13 the aortic valve
1 12, both mitral and aortic valves 1 § and the tnicuspid m § 1 one ¢
which the pulmonary valve also was involved (Lord 1932) in a series of
$8 cases of gonococeus endocardutis the valve lestons were left sided 1 48 and
the aortic valve was 1nvolved 1n 35 of these (Lion and Levy Bruh! 1922)

Ukeeration of the endocardium of valve or heart wall or of the »all of the
aorta or other artertes 1s common 1n the more severe cases this 15 som tumes
followed by perforation or aneurysms of cusps rupture of chordag tendin *
abscesses of the valve nings and even by small aneurysmal cavities 1 the aostic
or other artenal wall (called mycotic aneurysms)

With recovery scarnng undoubtedly takes place but whether or &
recovery 1s responsible for a few of the cases of chronic aortic or mutral stenosis
we have no certatn knowledge

Comerdent myocardial or perrcardial disease 1s uncommon There
found pyemic abscesses 1n the heart muscle or mnfarction due to coronary ‘:"
bolism ansing from thrombt on the endocardium septic pencarditis 3 2 L
posstble i such cases but 1s rare

Symptoms The symptoms of acute bacterial endocarditis are simply -
of any very severe infection with septicemia fever of septic type Wit “‘3
swings as a rule often with normal tumperature sn the mormng and 103 4

104° (40° C) or 105 Fin the evemng chills and sweating prostraton ar
delinum In addi , if the disease as long as a few weeks there “‘:“
to be symptoms from embolism caused by picces of the endocardial lhr:ﬂ""‘S
blocking artenes to viscera extremties or brain and pam nndlo!her.locn—‘ﬁm
P

1 .

such as hemoptys:s from p Y or

ot su &

may bt

thost

Y
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cerebral embolism The iy olvement of the heart itself rarely causes symptoms
Signs The patrent ppears very sick with lnitle to pomt to the source of
liouble except for embolic ph and the app of anerma and
heart murmurs {or thew ncrease) 1f the disease lasts long enough Some
tmes there are no definte si1gns the fever being accounted for by other evidence
ofinfection while the heart condition s discovered only at postmortem exams
naton There 13 usually a hgh (; polymorg ) leukocytosss of 20 000
1030000 or more wnless the infe has pletely overwhelmed the ro-
Sistance of the patient A secondary anema develops rapidly but does not
become 50 severe gs 11 the sub variety of by 1 end because
of the short duranion of the disease There may be petechial hemorrhages snto
the skin and 1 Tare cases even extensive purpura There may be defective
Anoventriculay conduction shown by wncrease of the P R mterval of the elec
trocardiopram beyond 02 second but ths 1 rare Archythmias are very up-
common The most important method of study 1s that of blood culture In the
Presence of this disease g posttive bload culture 35 wsually obtamed at the
Second o7 third attempt 1f not at the first the cause of the nfection 15 thus
discovered

Course ang prognasts Acuse bactenal end formerly g d m
1apid stnides 10 g fatal termmateon 1 the course of days or weeks Death was
usually the result of tovemua but it came from embolism of bramn

g or coranary cireulation Very mfrequently was 1t due to heart fatlure The
bfg)m’(mg of effective specific therapy by pemcilin the sulfonamsdes and
other medication during the past decade has changed the picture completely
50 that noy, fatalities are wncommon and acute bactenal endocarditis s
vsually  cured before 1t starrs by the control of the underlymng disease
Whether PAtumonia mennginis gonorrhea or other acute infection Thus the
dagnoss of acute bactertal endocarditss has now become not only very diffi
Sult but also very sare It can sull be suspected by the careful physieran wha
Botes the onser of the heart murmurs of valvular snvolvement dunng the
ourse of Poeumonia or sepsis and who observes the persistence of these
mutmues and the development of cardiac enlargement on recovery

Comp} ns Emk: Y anemia and heaxt fadure have af
1eady been noted as smportant complications Another occasionat complica-
lion thag may be senous or even fatal 15 the tendency to hemorrhages such
I may occur m any fulmunating infection—purpura of skm sclerae and
t“umus membranes and bleedmg from nose mouth lungs or Bastromtestinal
ract

Treatment In the second edition of this book fourteen years ago 1t was
Stated that  (here 15 o specific treatment for the disease except 1q the very
Fare case of Meningococcus endocarditss when the admumstration trave.
OUsly of actyve antimenmgococcus serum may effect @ cure  that when the
Potumocoecys of type 1 or type 2 15 responsible 1t would seem Tatanal to
Inject antipneumococcus serum  that most cases of acute bactersal endo-
Cardis alf Rapds of drugs vaccines and serums have been ted m vain  thae

-
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transfustons also have faled and that the rare recovery except wher
antimerungococcus serum may help 1s due apparently to the patients owr
resistance which 1s to be supported by every measure at ones command
chuefly by good nursing care, food, quiet and avordance of the admrmstratior
of drugs except to rehieve discomfort * A great advance was noted n the thit
edmion seven years ago consisting of the use of the sulfonamrde drv ¢
(sulfanthmude  sulfapyndine, sulfathiazole, and sulfadzine) which by con
trolling the underlymg infections from pneumococcus, gonococcus strepto
coccus and staphylococcus prevented, m some cases at least this sefious
1n fact previously fatal complication of acute bactenal endocarditis and o
today we can happily record another, perhaps final spectacular advance sinct
peniciilin bas appeared to help to wipe out this dread disease
Differential dragnosts The two chuef dificulties 1 dragnosis come (1) from
easy confusion wath the subacute variety of bactenal endocarditis and (2)
from confusion with severe infectton of other mature especially with per
sistence or recurrence of the ongmal disease from which the endocardits
comes In the former case the virulence of the acute variety of bactenal endo-
cardinis 1ts shorter course the recent hustory of other iliness and blood culture
findings generally make differentiation clear In the latter case the differentid
tion may be ble only the devel of embolic ph of severe
anemta or of murmurs pathognomonic of vaivular 1nvolvement (usually
aortic diastolic murmur) may pomt eventually to acute bactertal endocarditis
It 15 1mpossible to distngmsh the rare case of recovery with chronic valvular
disease from one of rheumatic ongin unless the pulmonary valve has been
affected or the case has been observed durmg its development 1 the coursé
of some senious infection hke pneumoma

SUBACUTE BACTERIAL ENDOCARDITIS (ALSO CALLED SUBACUTE
INFECTIVE ENDOCARDITIS CHRONIC ULCERATIVE
ENDOCARDITIS AND ENDOCARDITIS LENTA)

Subacute bactenal endocarditis as a clinical entity 1s much more common
than ss the acute vanety of malignant endocarditis It consists of the mvasl:ﬂ
of the heart—chiefly of the valves—by the Streptococcus vindans rarely Z
the gonococcus or nfluenza bacillus until recently 1t resulted fatally after
hngerng allness Its frequency and senousness make 1t of great 1mp0rﬂ""c
In New England 20 years ago 1t occurred 1n 1 to 2 per cent of all cnrdﬁ['1
patients (White and Jones 1928) 1n 7 to 8 per cent of persons with Cﬂcr
genntal cardiovascular defects (Abbott) and 1n about 5 per cent of cascs o
rheumatic heart disease Because of its seniousness subacute bacteral e -
carditis has a relatively high hospstal meidence 1 companison with rheumd
fever for example in the years 1928 1o 1931 there were 177 cases of Sl‘n
acute bactenial endocardins admutted to the lasger Bostont hosprtals 11 rm:he
trast to 772 cases of rheumatic fever (Mornson 1932) The advent o]oo
sulfonamude denvatives ten years ago altered the situation for the out
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1 ®as o longer entirely hopeless as 1t had been a moderate number of cures
were recarded but the disease was still nearly 93 per cent fatal ft was early 1n
1944 that wath proof of the efficacy of peresthn (Loewe) the ontlook sud
denly brightened and now Tecavery 1s possible m at least 80 per cent of the
cases Dspite this great change 1n fact because of st a clear tecognitton of
the detasls of the disease has become all the more unportant since the earher
the diagnosis 15 made the sconer the curative treatment can be started and
the Tess wilt be the added damage to the heart and the risk from the common
and semous ) such as embol
Etology Cause The P for sub bacterial endo-
arditts 15 10 90 to 95 per cent of the cases the Streprococcus virdans {Schott
mulles 1910) and 1n the other 5 to 10 per cent the gonococcus mfluenza or
Parainfluenza bacsiug enterococeus or Brucella abortus The typhowd bacillus
has also been reported to give nse to 2 long-drawn-out endocarditss There
may be a mixed wnfection as by gonococeus and streptococcus (Osgam and
Poston 1942 Olnger 1948) or there may be more than one stramn of
wndans streptococes sn the same case (MacLean and Howell 1947y An
these other organisms espectally the gonococcus ¢an cause a short virulent
acute bactena] end but the § wiridans rarely does so
Ptedlsposmg factors The chief predisposing factor 1s chrome heart disease
Farticularly old sheumatic valvular disease (11 about 80 per cent of the cases)
and congenta} cardiovascular defects (m about 10 per cent of the cases)
specsally 1n those with either brcusped aortic valves (9 of 32 cases of Abbott s
Senes and 11 of 52 of Gelfman and Levine s series)  or ventricutar septal de
fects (13 of 50 cases and 13 of 31 cases respectively) or patency of the ductus
2mtenosus (21 of 92 cases and 4 of 14 cases) or coarctation of the aorta (7
oL 70 cases and one of 10 cases) 1 contrast to atrial septal defects (2 of 68
€2%¢s and none of 45 cases respectively  Abbott and Gelfman and Levine
1942) pura g ly und d heart may infreq also be the site of
this dssease Rarely aortic valves damaged by syphilis may be wmvolved m sub-
acute bactersa] endocarditis but m such cases there may be a concident
theumatie valve Jesion

Focalnfection as diseased tecth tonstls and gums can be a predisposing
factor (Wesss 1934) dental are more y followed by
subacute bactenial endocardtis than are any other recogmzable events There

15 @ clear reason for this as mdicated by the findings of Okell and Eftiott

(1935) 15 4p imstances after multiple tooth extractions in the presence of

SXlensive disease of the gums posive blood cultures were obtamed m 30

{75 per cent) 1n 60 nstances after multiple tooth extractions m the presence

of a moderate degree of gum disease there were postive blood eultures mn

42 ¢70 Per cent) and m 38 instances of the extraction of one or more tegth

Without detecrable gum disease there were 12 posine blood cultures (34

Per cent) The more often one wnquires specifically about dental work or 1.

fection pryor 10 the onset of subacute bactenal endocarditts the more often

One finds yt {up to about one thed of the cases}
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The mech of the endocardial nvol t 1n sut bacterial endo-
carditis has been variously considered Direct blood stream infection of the
endocardivm damaged of old with small thrombs or vlcerapsons as footholds
for the streptococc that happen to be circulating m the blood 15 probably
the usual mode of involvement rather than the tntroduction of these organsms
to the endocardivm through blood vessels 1n the valves but st 1s possible that
both methods of nfection exist Although the Streptococcus vindans 1s an
oceastonal invader of the blood stream even 1 normal persons 1t ¢auses oo
disease unless 1t enters m large numbers (as through focr of infecton) o
unless condttions favor 1ts lodgment and growth as in mdiduals with chronic
heart disease

Age The age at which sut bactenal endocarditis occurs vanes from
early childhood to old age 1t 1s commonest between the ages of fifteen and
thirty years Of 250 cases 1n kelson and White's sentes (1945) 6 were under
ten years 42 between ten and twenty 79 between twenty and thuty 53k
tween thirty and forty 39 between forty and fifty 21 between fifty and sicty
and 10 over sixty The youngest cases on record are one and one half years
old (Goetsch 1938) two and one half (complcating congenttal heart dis
case) and five years old but the disease 1s very rare m young children The
oldest cases were eighty two years of age a man who had apparently sclerotic
valvular changes as a bachground of hss infection (Willus 1940) and erchty
seven years (Zeman 1945) Streptococcus vindans bactenemta without endo-
cardiis has been reported 1n two mnfants shortly after buth the mothers being
1if with subacute bactenal endocarditis themselves (Walser 1928) A collee
tion from the literature has been made (Rost and Fischer 1928) of 64 cases
under the age of fourteen vears

Sex Subacute bactertal endocarditts occurs somewhat more often i males
than 1n females in Kelson and White s sertes (1945) it was found 1t 161
males and 89 females and n a sertes of 328 cases collected by Blumer from
the hterature the ratio was 60 per cent males to 40 per cent females (Blume?
1923)

Other factors Other factors such as race chmate and social and ec
status are relatively unymportant compared to that of the presence of chrom”
heart disease mentioned above except as they favor the predisposing cause
pamely rheumaticinvolvement Howeser 1t 15 possibl. thongh not yet prov
that any tiness accident or exposure to cold and wet or to stram may help
to precipitate the disease by favoring the bacteral invasten

Patholopy The pathol picture 1 sub. bactenal endocardutes 18 PI!
manly that of nvolvement of the endocardium of vahes by the deposition
irregular masses of fibun Ieukocytes erythrocytes and platelets enclosin®
bactena and products of bacterial degeneration, called vegetations (F1.ucs
and 88 sce opposite page) These vegetations are larger than the thromb “;
rheumatic endocarditis but they may not be so large as those of acute bacten?d

docarditis The chordae tend and left atrium and Ieft ventriculat t“‘:‘:
cardium are frequently imvohed by a spreading of the I from the valt

-onomic
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cusps or by contact with the cusps that 1s, where the heart wall touches these
vegetations on the cusp duning the heart cycle The intima of the aorta may
also be infected exther where aortic valve vegetations are 1n contact with ttor
elsewhere An arteriovenous aneurysm may become infected by the Strepto-
coccus virrdans Finally congemital defects such as patent ductus arferiosus

1on of aorta and especiaily interventricular septal defects and bicuspd
aortic valves may be the site of invaston by the Streptococcus viridans

There may result from this 1nfl of the endocardium an extension
of the process nto underlying tissues with deep ulceration or perforation of
aneurysm formation 1n the valve cusps or local ulceration and aneurysm of
the aorta (even with rupture) This type of aortic aneurysm like that resultn
from acute bactenal endocarditis, 1s called a myconc aneurysm In very rare
cases the process may cause an aneurysm it or a perforation through the
ventneular septum  or from left ventricle into night atriam or even a rupture
of atrial wall Also rarely invaston of the upper ventricular septal regron may
damage the atnioventricular bundle (of His) to cause heart block The vegela
tions sometimes grow very large or elongated and if this occurs on the aortc
valve the vegetations may partially block the mouths of the coronary astenes

The valves of the left side of the heart are much more frequently svotied
than are those of the night side and the mitral vabe oftener than the aort
though the great preponderance of mutral over aortic valve mvoliement seef
1n rheumatic heart disease docs not hold here Pulmonary valve mvolement 5
rare 1n subacute bacterial endocarditis n contrast to sts ynvolvement in acute
bacteral endocarditts In a series of 90 autopsted cases of subacute bacteral
endocarditis 1 which there was a specification of the valves that were )t
volved 1 the process the mutral valve alone was affected i 25 the aortic
valve alone 1n 18 both mtral and aortic 1n 38 mutral aortic and incuspd
in 2 all four valves in 1 pulmonary and aortic 1 2 trcuspid and ventricul2t
septal defect :n 1 pulmonary and ductus arteriosus 1n 1 pulmonary aorie
and ductus arteriosus 1n 1, and only the mural endocardium 1n the remamng
1 (Mornison 1932)

As already noted in the majonity of cases Streptococcus vindans endo-
carditss 1s supenimposed on chronte gk valvular disease It s probabe
that 1 communities where rheumatic heart disease 1s nfrequent the Pf‘d’s
poswg factor of congenital defects 1s as tmportant as 1s that of rhegmal®
valvutar discase and n such communities one would expect to find the total
ncidence of subacute bactenal endocarditis considerably reduced 1 compar!
son with that 1n rheumauc areas Out of 203 cases of subacute pacteral
endocarditis analyzed 1n Boston 134 had clearly and others probably 2 rheo
matic background 11 had congenital defects 3 an underlying syphi'ite
process and one a definite atherosclerouc basis (Mornison 1932) Markedlf
stenosed valves are less frequently ked by sub: t 1 endocardits
the less shghtly deformed valves i chromic sheumatic heast disease 2/¢ the
ones found at autopsy to be more often the site of ths fatal complication ¥ .
they are the ones which duning life give nise to the murmurs of yvalvplar feeu
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gtation (the systohc murmur of mutral onigin at the apex and the diastolic
murmur of aortic orngin at the base)

¢ ditis 1n sub: bactenal end drtis 1» rare but myocardial fesions
have been reported (Bracht and Wachter 1909 Saphir 1946) consts ing of
iffuse inflammatory changes and of areas of mfiltratton 1n the interstitial
tissue of the myocardiwm These areas however are also found n other
cardiac 1nfections and mclude the Aschoff body which may or may not nd:
cate the presence of a dent rt heart m some cases
Saphur has also described foreign body granulomas caused by caletfic embolt
ansing from healed vegetatians on the gortic valve m patients recently treated
with pemctlli or the sulfonamdes

After recovery from subacute bacterial endocarditis the extent of chronic
valular disease may be ncreased Since however most of the valvular de
fommy 15 usually the rusult of previous rheumatic wnfectton careful observy
tion of the state of the heart before or at the onset of the subacute bacteral
erdocardiis is essentral before 1t can be said that this disease caused or 1n
¢reased the valve deformity mn a grven case

Symp The P of sub: bactenial endocarditis are ke those
of any infection but are Jess severe than 1n acute bactenal endocarditis Fever
of varyng grades occurs sometimes almost none at all and sometimes with
wide darly swings of septic type as for example normal or subpormal temper
ature 1n the mormings and high fever (to 104° F or 40 C) n the evenumy,
Fever may however be absent for days at 2 ume and then recur at mtervals
Chifls and sweats are common Anorexta malasse prostration and loss of
veight and strength are usual although for days or even weeks at the onset
there may be merely a feclmg of fatigue with Iittle fever When emboltsm
begins commng from thrombi n the heart local pain and other symptoms
appear depending on the organ or the part of the body affected Splenic
1enal and cerebral are With anernua there may
be hemurthagcs into shin and from nose lungs and stomach—in addtion
10 the embolic phenomena Finally if the disease 15 not brought under control
e toxic state mcreases and weakness and mental confusion may become
Marked before death ensues or myocardsal failure may develop with dysprea
ot hepatic congestive pam or both 1f the mnfection 1s exhausting whether or
ot 1t 4s atself cured However with ful pepicillin therapy at a relativel
€arly stage of the disease nowadays, alert medical attention can 1n the ma
Jonty of cases stop the process before any important complications take place

Signs The characterntic signs of the discase are fever a pallor due largely
10 secondary anemra and sometimes refesred to as cafe au Jat (Libman)
Petechnal hemorrhages nto the skin mucoJs membranes and conjunctivae
SPlenomegaly clubbing of the fingers and evidence of valvular or congen tal
heart disease Rarely are all these signs pronounced n any given case usually
the diagnosts must Test on two or three only generally supported however
bya Bndimg of the Streptococcus vindans by blood culture

The superficial petechial hemorrhages may be found anywhere on the body
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and should be searched for carefully, they may be lumtted to the conjunctnag
to the chest or elsewhere They are most commonly found on the forearms
and hands, when located under the nauls they are linear i shape and have beea
designated ‘ sphinter hemorrhages They come and go often mn crops m 2
given arca, each spot rarely lasts more than a few days beginam,, as a small
reddish or purplish dot under the shin not disappearing on pressure but
gradually fading away within a week The spots vary n size usually from
that of a pin pomt to that of the head of a large pin They may be produced
1 the forearm from the compression of the upper arm by a blood pressure
cuff Thus they are evidently the result of damage to vessel walls by 2 touz
which allows leakage of blood whenever pressure trauma or some other factor
favors 1t The petechiae are therefore related rather to a hemorrhagic tendencv
of which a sign 1s bleed than to embol Petechial hemor
rhages although very common n subacute bactenial endocarditis are not
pathognomonic of the disease they are also found not uncommonly 11t acute
rheumatism

There 15 another sign of vascular origm often of value but not found m alt
cases of subacute bactersal endocarditis  tender fingers and toes  This 15 due
most commonly to embolism of or hemorrhage from a small vessel m a fineer
tip or 1m a toe and consists of a deep pamful purplish shghty swollen 1
durated area the size of a pea or smaller m the pulp of the end of the fincer
This lesion comes suddenly and disappears gradually in the course of a few
days It may be 1solated or there may be several such lesions at the same tme
or n succession  Either fingers or toes may present thrs sign but more com
monly the fingers are affected

The so-called Osler s node (Osler 1909) as described first by Mullen of
Hanulton and later by Osler himself 1s a much rarer phenomenon 1t consists
of a raised red nodule (never hemorrhagic) n the skin of finger or toe and not
beneath 1t % to 1)4 cm 1 diameter with a whitish point 1n the center and
lasting a day or two

Stll another sign and much the most important of those found in the fipgers
or toes of patients with sut bactenal endocarditis 1s clubbing This €01
dition also found in congenital heart disease and certun pulmonary dise3sc
1s shown m Figure 63 page 298 In subacute bactenal endocarditis 1t 15 very
vanable 1n occurrence and degree  Clubbing 15 present in some measurt n
three quarters of all the cases but 1s well marked 1 only one half or somewhat
less being most evident in the cases with enlarged spleens It does not appeat
at the onset of the disease but only when 1t 1s well advanced after the first
few weeks Why it should occur 1n this disease has not been discovered but it
15 likely that Jocal disturbance of the circulation (instead of general anoxeml;
with cyanosis as i congemtal heart discase) causcs capillary dilatation an!
increased soft tissue growth Instend of cyanosts therc s usually incred
redness of the bulbous finger tips When present clubbing 1s an important sas:
and should always be heeded but care must be taken not to confuse it N}:e
congenital or P 1 ab lity of shape of the fingers Although t
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toes may be clubbed as well as the fingers their clubbing 1s generally Jess
cbvious Clubbing recedes with recovery and disappears completely

Sple aly 1 m bactenal ditss and 1fs presence
1savery helpful sign However 1n about a third of the cases the spleen cannot
be felt on phystcal exammation Its enlargement when evident 15 usuafly not
great, a firm nontender edge being felt just below the left costal border On
Tare occasions it may become large enough to extend almost to the umbilicus
[ike clubbing of the fingers splenomegaly usvally clears up with recovery

‘The presence of evidence of chromte valy udar disease or of congenutal defects
wusuat and 1s somewhat corroborative Ore finds commonly an apical systohc
murmur of mitral reg lly the early d lic murmur of
aote and less the murmurs of mutral stenosis aortic
stenosts or congenutal defects Sometimes an umportant murmur develops m
the beart under obsery.. 10n mdicating the onset or the increase of vahalar
dcfnrmnty during this mnfection There 15 usually shght cardiac enlargement
The heart may however appear normal on physical exammnation dunng most
2nd rarely duning all of the ilness one may be musled thereby In such cases
there may be endocardis of a congemtally bcuspid aoric vahe without
enough actual valvular deformity to produce sigmficant murmurs

Arthythmia due 10 atral fbnll complicating subacute bactenal endo-
Curdilis was formerly thought to be extremely rare 1n secent years it has been
found that their coexsstence oceasionally though still uncommonly takes
place for example McDonald (1946) has reported 36 cases of atnal fibnlla
ton (126 per cent) among 286 patients with subacute bactenal endocarditis
Of these 36 cases 24 were carefuily analyzed 3 showed paroxysmal arthythmia
and 2{ permanent Of the 21 § had the mfection first, 6 had the arthythmia
first and 10 had ‘both when first seen Premature beats are occasionally found
but are of httle mportance The rare occurrence of delayed atnoventricular
conduction (heart block) suggests extensive involverent of the interventncu
lat septum Pericardutts 15 extremely rare 1 subacute bacterial endocardius

Bload pressure logic and d tuc studies show hittle
Ot nothing abnormal except for evidence of underlying valvular disease con-
&emital defect or heart block which may or may not be due to the subacute
bactenal endocardis

Blood studses are of much umportance Secondary anerma 1s common if the
disease lasts s1x weeks or more with red cell count between 3 and 31 mithions
and hemoglobin at about 60 per cent somewhat lower figures of 2 to 3 rullions
oF red cells and 40 to 50 per cent hemoglobm are also found but less fre
Quently In rare cases the red count may drop to one million or less with hemo
oy of about 30 per cent A polymorphonuclear feukocytosis of slight to
moderate degree (12 000 to 16 DDO) 15 common when there are complications
Such as embolism to spleen or elsewhere nfrequently 1t 1s hugher but more
Commonly 1t 15 lawer often being recorded at a nommal figure The blood
SMear shows achromia of red cells but only rarely polychromatophiba or
‘h““SB 1 s1ze or shape of the cells The platelets are normal In a certamn
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smail percentage of cases, perhaps 10 or 15 per cent, there are found m the
blood smear occastonal large endothelial phagocytic cells which are also found
sometimes n other diseases their presence 1s somewhat helpful m corroborat
1ng the diagnosis The sedimentation rate 1s usually accelerated

Blood cultures carefully taken and repeated once or twice if necessary
should be positive for the Streptococcus vindans 1 about 90 per cent of the
cases A smiable culture medium 1s hormone broth with hydrogen 1on con
centration of pH 7 6 It 1s of nterest 10 prepare pour plates 1n order fo gef
some 1dea of the quantity of organssms by the number of colones per plate
which may vary from one to many Blood 1s collected 1n aitrate flasks (¥ &
of 4 per cent sodium citrate 1n a 50 cc Pyrex flask) from which 2 cc and t8o
1 cc samples are pipetted nto tubes of melted nutnent agar which 1s cooled
t0 45 C after the tubes are rolled a few times the muxtuses are poured it
Petn dishes and the colomes are read after two and four days (hmndness of
Dr Lous Dienes) Cultures of venous blood usually suffice but on rare owc2
stons cuitures of bone marrow are positive when blood cultures are negathe
Artenal blood cultures are Jeast saistactory (Salazar Mallen, et al, 1947)

Titration of immune bodies 1n the blood 1n patients with subacute bacterial
endocarditts has shown a hugh degree of such bodies much greater as 2 le
than i the blood of the normal control This test may pe-haps prove helpful
1n establishing the dragnosis

The Wassermann reaction has sometimes been found positrve 1n subacste
bactenial endocarditis m the absence of syphilis this possibility should be 1
membered

The urine 1s not remarkable except for the frequent and important findir2
of numerous red blood corpuscles m the sedtment There usually 1s not enoug
blood to appear macroscopically This finding 1n the sediment has bee?
ascribed to renal infarction by multiple small emboli At postmortem examiid
tion glomerular lestons are frequently found (Baehr 1912) However it
probable that much of the blood n the urmne 1s the result of mnute hemor
rhages comparable to those in the skin (petechiae) Albuminuna s commonlv
present if there 15 much fever or bleeding

Course and prognosis The gradual mnsidious onset of this disease oftett
prevents any exact determination of the time of its beginming  There M3} be
a feeling of increasing fatigue and loss of appetite and sometimes there are
vague jomt and muscle pains the victim may appear pale hstless and 1
down” for a few weeks before fever or other symptoms force him 0 bed "’;
to ask for medical advice Months sometimes elapse with no definite sdea ©
what 1s wrong Usually however 1n the carly wecks of the illness the temper®
ture reaction anemua enlarged spleen or clubbing of the fingers and hear:
signs and blood culture show the presence of this sertous tilness Prior to 194
the svmptoms and signs would steadily mcrease with development of :mw‘:
phenomena and death often the result of comphications commonly cnsutrA
few months to a year or more after the onset of the discase the average !
tion of the Miness bemng about sic months
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Recovery prior to 1939 occurred m less than 1 per cent of all cases of sub
acute bactenial endocarditis rose to § or 6 per cent when the sulfonamides

were duced n 1 and very d ble dosage and five vears later
m 1944 abruptly mncreased to a little over 50 per cent with the advent of
moderate but still madeq of Jin Slowly 1n the five years

that have elapsed since then when pemcillm became avatlable 1 larger and
Rrgec amounts and with increasing realization of the need of massive doses
early i the disease and with the help of alhies such as streptomycim at least
80 per cent of the patients have become curable It 15 Iikely that the uitimate
figure will approach 90 but 1t 15 also probable that there will always be fatalt
tes due to four causes (1) heart farlure resulting from the extent of the heart
disease sself plus the added stramn of the infection and its treatment (2)
embolism to brain or elsewhere and (3) mntercurrent acute rheumatism these
three causes operating even 1 cured patients nd finally (4) resistance
13 few cases to all specific therapy

1t 1s to be remembered that a finding of the Streptococcus vindans in the
blood by culture does not alone establish the diagnous of subacute bactenal
endocarditisy even af chromsc valvular disease (or a congental cardiovascular
defect) or fever 15 also present the presence of all three of these findings 1s
however almost conclusive 12 a given case Positive blood cultures have been
found without fresh endocarditis indicating that there 1s an 1llness of other
vature present and pot mal docardins A prepond group of
siges should be present to establish the d of sut bactenial endo
carditts ‘The climcal course 18 the most important clue For full relance on
blood cultures several (at least 3 or 4) should be found positwe

There has been a very interesting small group of cases of subacute bacteral
endocarditig mostly of hustoric interest now that became bactena free but
nevertheless went on for the maost part to a fatal termination from uremia or
beart fature they were charactenzed by the subsidence of fever negative blood
cultures anemia brownish color of face and particularly suvere glomerulone
phtis (Libman 1913)

Finally ag. d sub bactenal endocarditis may be wholly or i large
part symptomless prior to the occurrence of serious embolism which 1n the
€ase of & woman 31 years old fed rapidly to death from coronary occlusion

(Rest 1931)
Comnl,

The chief of ttus disease are due to nfarction
of vanons organs from embol that anse from the ntracardiac {chiefly valvu
far) theombosis If these embok aze Jarge and affect wital tissue a speedy death
may follow The most important infarctions are those of the heart wself by
Soronary embolism of bran and of hidneys Carduae wnfarction 1s very rare
bemuplegya or paralysis of lesser extent 1s not uncommon after cerebral em
gnhsm and hematuna may result from renal infarction or simply from leaking
lood vessels Hemorrhage of any sernous moment 1s not often seen 1n this
disease rarely 1t may complicate cerebral embolism and result fatally The
enal damage may mfrequently Jead to urema and death 1 a case of subacute
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bactertal endocarditis A large embolus may obstruct an important artery lo
an extremuty like the femoral poplteal tbial brachial or digital artery but
rarely causes gangrene with need of amputation The spleen 1s one of the most
common sites of mfarction this explams the very frequent severe pam m the
region of the spleen in patients with subacute bactenal endocarditis Mesenteric
nfarction may occur and 1t has been suggested that some pulmonary signs
may be due to embolism of bronchial arteries Pulmonary infarction 1s not
commeon 1nasmuch as the endocardial veg are g ily or prepond:
antly on the left side of the heart but with thrombt 1n the nght heart chambers
this too can occur A long course of febrile illness in a patient with congenta!
heart disease affecting the right heart chambers complicated by pulmonary
infarcts strongly suggests subacute bactersal endocarditis 1 such cases blood
cultures may fail to show the Streptococcus vindans until late m the diseast
and clubbing of the fingers and splenomegaly may be wanting (Blumgat
1933)

Heart farlure of congestive type 1s sometimes but not often the caus
death 1t 1s frequently present in shght or moderate degree brought on by the
stram of nfection and anemta m & heart already damaged rarely 1 iber
enough addittonal damage to the heart from this infection to cause fatlure
directly Angina pectons may rarely occur due to blocking of the mouths 0
the coronary artenes by the vegetattons on the aortic valve, or to the added
effects of aortic regurgitation and anema Atrial fibrillatton occurs infrequently
and heart block appears 1n rare cases

Active rheumatism m the form of rheumatic fever or even of pancardts
may compl t b docard; pparently excited by 1t 1
some cases and pre-existing i others 1t was thought 1o be 4 complication m
at least 17 and perhaps 4 more of kelson and White s series of 250 casts
(1945)

The secondary anemta 1tself 1f not well controlled by transfusion may
become a grave D by g 3 fatal In his weakend
condition the patient may fall a victm to a complicating infection hike pnet
monia n

Finally 1t 1s of some inferest to note that pregnancy childbirth and l:
puerpenium may progress without any material difficulty despite subactl®
bactenal endocarditis (Mengert 1933) although there may be Streptococtts
virtdans bacteriemta in the infant (Walser 1928)

Treatment In the first three editions of this book many differen
and other empinc therapeutic measures were discussed but the only lrcatﬂl]?:
that gave any promuse at all was that with the sulfonamides especially 5‘; "
diazine which was the least toxic while effecting rare cures When the sul 03
amides were forced beyond the pomnt of endurable toxic results theré ““’0
shghtly higher percentage of recovenes Doses of 2 gm of a sulfonﬂm‘d; s

Jowed 1n two hours by another 2 gm imitially and then 1 gm every four o
untl the blood level reached close to 10 mg per 100 cc followed by ndl“’m;m
of the dose to mamntain that level 1 the course of a fortnight or two fesY

e of

t medicint®
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m a few cures Such supplementary therapy may still be of value when
pensctllin and streptomycin are alone or 1n combnation neffective Hepann
and Dicumarol were added to this sulfonamide therapy tn the early days with
the thought that they mught prevent the deposition of new thrombi on the
endocardium while those already present were being stenilized but practical
expentence dunng recent years has mdecated that such additton to the treat
ment has not resulted 1n any gatn and tnstead has been traublesome expenswve
and even on occasion harmful

1t 15 of hustoric interest merely to nsert herewith without further comment
except {0 note their farfure the tmposing hist of drugs and othker therapy trned
years ago in the vam effort to cure this dread disease arsenic 1n vartous forms
mercury gentian violet salicylates antiseptics of all kinds vaccmes serums
transfustons including those from immumzed donors production of stenle
abscesses spl y el herap b and hyperthermta A few
of these have had on a hat helpful though not cura
tve effect transfustons have so acted when there has been a severe anemia
and both splenectomy and hyperthermia have had their advocates

Happily today one can be bref and explicit about therapy that 1s effective
 the great majortty of cases as the result of the discovery reported by Flem
ing @ 1929 that Penyailhum notatem a common mold contammed a potent
anttbacternal substance of its purification and applicatton by Florey and hus
colleagues 1n 1940 and of 1ts curative effect i subacute bacterral endocarditis
by Loewe 1n 1944 After the diagnosis has been establisbed as eatly m the
disease as possible or if not proved at least considered probable after careful
hudy p should be ad d at once m adeq dosage and con-
tinued as a rule for six weeks with a range of four to eight, or as much loanger
as may be deemed necessary in any particular case A dose of 500000 to
1000 000 units a day should be gieen parenterally 1if for any reason oral
medication 15 given the daily dose must be 5 to 10 times greater to produce
the same bepeficral effect If after a week or tea days there 1s no obvious
eflict of the 500 D0 to 1 000 000 umit dose on fever chnical course or blood
Culture the dasly amount should be multiphed five times Even as much as
20000 000 usts a day for weeks has been necessary to effect a cure 1n rare
€aes

Common mistakes quite natural in the eatly days of such therapy because
of the himted supply of the pemcitlin were to give oo hitle at the start and
10 mncrease the size of the dose tao slowly and too cautiously It i far wiser to
Bve a larger amount than may be necessary at the begmning rather thao
%0 allow the nfection to contmuc too Jong with the hazard of serious compli-
<atons It 1s however best of all routinely to adopt the procedure of 1 vitro
testing of the y to p lin of the t whether

treptococcys vindans or not siace there has been shown to be a very defintte
tthnonshlp between this sensitivity and the curative dosage (Hunter 1946
Clark et al 1948) The great majonty of the strams of the Streptococcus
Vindans are inhibted by 01 umt of pescilin per cubic centimeter of culture
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medrum and 50 do not need maximal dosage but a few require 0 2 to 0 5 unts
and a very few up to 1 umt or more It has been helpfully advised that for
the first that 15 the more sensttive group a daily dose of 500 000 umits be
given for the second thatis the mtermediate group a dose of 1 to 2 million
units, and for the third the most resistant group a dose of 5 to 20 mullion
umts a day If these maximal doses are stil meffective adjuvant treatment
with caronamide or streptomyctn 1s 1n order (see below)

Various methods of ad ration of the p lin have been
and they all have had their advocates as may be found on consultmg the Bibl
ography of this chapter Intramuscular njections m sterile saline or aqueous
solution every two to four hours (usually three) day and might were 1 use
most frequently and proved to be quite practical and effective Constant mtra
muscular and intravenous drips were also curative earlier and had the
advantage of producing a more constant blood level but the disadvantace of
inconvenence  Pemicillin 1n o1l and beeswax proved helpful n estabhishing
a farrly uniform absorption and blood concentration although without hreh
levels (Hewitt 1947 Hoffman et al 1947) this procedure was especially
convement because 1t reduced the number of injections needed intramuscularly
to two in twenty four hours and was recommended n particular for prophylavs
as m the case of dental extractions Recently there has come mto more of less
routing use a preparation of penictilin with procamne (which has a beneficial
twofold effect of renderng the injection pamless and slow m absorption)
which can be very con tly and eff ly mjected larly 1m the
dosage of 300 000 or 600 000 units every six hours givmg satisfactory total
daily doses of 1 200 000 or 2 400 00G umts respectnvely

Another important means of mamtaming a more or less umform and espé
cally a higher (threcfold or more) co ation of pemicillin 1n the blood
particularly useful sn obstinate cases not responding well to lower concentr?
tions 1s by adding caronamide or benemnd which blocks the ordmartly rapid
excretion of penieillin through the renal tubules (Beyer 1947 Boger ct al
1947 1949 and 1950 Loewe etal 1947 Meads et al 1948 Bumnell and
Kurbv 1951) Four grams of caronamude are gaven orally every three to 10U
hours or }; gm of benenud every six hours for days to weeks i ordef 1©
produce a blood serum concentration of approximately 30 mg per 100 ¢
which 15 necessary 1n order to mamtain a threcfold or more increase of pent
alltn level The drug must be used with some caution however in patents
who have any suspicton of reduced kidney function beforchand and probably
not at all when senous kidney disease 1s present Also towc symptoms such
as nausea and vomiting may be induced 1n some cases However the usé of
caronamide and benemid has resulted 1n cures by penicillin 1n cases not r
sponding well without 1t

Finally m cases fortunately very few n number 1n which pemcillin 15 m
effective 1t may be necessary 1o resor* to streptomycin alone or 1t addwon
or even to add sulfidiazine Thrs applics to organtsms particularly P”':’o

negatise bacilt and certamn gram posttive cocar which are very nsensitne

duced
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penuctiln In such eases after the in witro and brief 1 vivo testing with pem-
cilin and i vitro tesung with steeptomycin the fatter should be mnjected 1ntra
mus ularly 1 the dosage of 0 5 to 1 D gm (preferably the larger dose) every
sx hours for days to weeks depending on the chimcal progress and toxic
symptoms  Thus gives a blood concentration of streptomyemn of some 10 to
20wmts (or micrograms) per 100 cc which 1s as a rule far greater than the
mWo seasiivaty of the orgamsm causing the discase There are two difficul
ties which render streptomycin much less factory to dual with than pent
oilin (1) the tovic effects which aclude especially vertigo which may be
pumanent second i to labyninthstis fever dermatiis and pruntis and (2)
mcreasng resistance of the organism to the drug, Despute these disadvantages
there are well-established cures of b { end ditis by strepto-
mycw Much more rarely and more or less as a last resort sulfadiazine may
be added to penicithin or streptomycin or both in the oral dosage of 4 gm
mstially or 2 gm repeated 1 two hours followed by 1 gm every four hours
witil the bload level reaches 10 mg pet 100 v¢ with continuation at that level
and finally other antibiotics besides penucillin ase worthv of tnal i the case of
unissuil and race agents not fe to p 1l

Mention should be made of course of the importance of the best nursing
€dre in the treatment of this disease of patient but optimustic atttude of both
doctor and victim during the tedious wevks of therapy and of the early recog
mtion and of pl such as heart falure by the
tse of dipttalis Jow sodium ntake and dwretics In very rare cases cure of
infected penipheral blood vessels as 1n instances of mycotic and artenovenous.
aneurysms has been effected by surgical excision

Dify diag; The four cond from which 1t may be difficult
to differentiate subacute bactenal endocarditis are (1) actve rhenmauc heart
disease (2) acute 1 end: d 3) 1nfe of other nature with
Of ithout chrome valvolar disease and (4) blood diseases or severe anemia
secondary to some other nfection hke malana The duration and average
Sevenity of subacute bactenal endocarditis the refative nfrequency and unim-
portance of jount pans ot swelling the clubbing of the fingers when present
the shght but usually not great enlargement of the spleen the moderate grade
of secondary anera the finding of the Streptocaceus vicdans 1 the blood
stream gng p, ly the freq: of ! m an not very
virulent 1 nature distinguish this disease with little difficulty from others Tt
15 however 1mportant to remember that the various conditions cited above
T3 coexust 1 the same case
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CHAPTER 16

CARDIOYASCULAR SYPHILIS

Introduction This 1s another chapter which we may justifiably hope and
expect to become obsolete during the next generation smce already great
p 1n the red of cardio lar syphilis has been actually demon
strated to the author and his contemporanes durng the past generation b}
means of the prevention of syphilts itself 1n the first place 1ts earler recogmtion
and more adequate witial treatment 1 the second place and 1ts better therapy
even 1 its later or tertiary phase in the third place

In every chapter that has preceded the present one a considerable reviston
has been necessary as the result of the rapid strides of medtcal progress it the
past seven years since the last editton of this book Even more dramatually
has progress been made 1 the subject of the present chapter i the %2y o
preventive medicme And yet despite this advance syphilis continues tob
after rheumatism the second most common and important cause of nfectious
cardiovascular disease By the time the diagnosis of cardiovascular syphilis
made 1t 15 1 most cases a very sertous condttion Fortunately however it 53
preventable disease and already mn many parts of the world 1t 15 on the waae
and no lenger common In New England two decades ago 1t »as found 10
make up 4 per cent of a large series of cases of cardiovascular disease (W'
and Jones 1928) being more frequent 1n general hospital practice than M
prvate practice now however it makes up less than a quarter of that figure
(thatis less than 1 per cent) Among the Negroes in the southern part of the
United States on the other hand 1t 1s stsll a common though decreasing €245
of cardiovascular disabiity and death bemng a prime factor 1n about 20 pef
cent of cardiac patients even there 1t 1s less frequent than the factor of hypef
tenston In a senes of 414 Negroes in Texas with cardiovascular discase ovet
twenty years ago syphihis was the chuef factor 1n 32 per cent and hypﬂ“""m:
i 50 per cent (Stone and Vanzant 1927) there too however the Y“‘;’;
public health campaign gives promuse of a reduction 1n cardiovascular syph
such as has occurred elsewhere

It 15 3 very interesting fact as yet unexplamed that syphilts da
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20rta more than other artertes or the myocardum Cardiovascular syphilis
conststs pnmanly therefore of aartitis with or without secondary effects on
the beart nfrequently st means my dial disease or mvolvement of great
vessels other than the aorta such as the femoral carotid and pulmonary
artenes

In a series of 50 000 autopsies m M over a penod of
thity seven years beginning n 1910 syphihnc heart disease not imcluding
uncomplicated aortites dropped i watdence from a maximum of 2 04 per cent
atthe begianing to 0 23 per cent at the end 1n wdividuals 40 years of age or
old 5 (Clawson 1950) the general madence of syphtlitic cardiac deaths
(083 per cent) 1 thus autopsy matenal 1s now less than that of deaths from
calfic aottic valvular disease (1 3 per cent) Syphiitic aortic msufficiency
fanked first 1 the manner of death 1 Clawson s series of cases of syphutitie.
heant disease (58 5 per cent) Deaths due to rupture of a syphilitic aneurysw
were second with 21 per cent and those due to parrowmng of the coronary
onfices third with 18 9 per cent ‘Thete were relatively few cases of gemma of
the myocardum

Ina senes of 9 807 necropstes m Italy the mudence of heart disease due
tosyphilis was found o be 2 per cent (Venzont 1939) i a Cinemnats hosps
tal with g large proportton of Negro wmmates however the incidence of
Syphil b aortitis 1 autopsies from 1926 to 1937 welusive was reported ta be
much fugher (at Jeast 9 1 per cent) (Gelpenn 1940) while in the Philadel
Phia General Hosputal the percentage dropped from 9 2 in the years 1927 to
;Zil} 0 5 610 1935 to 1937 (there was a majonty of Negro cases) (Weky

9y

Etology Cause The organism responsible for cardiovascutar yphilis the
Treponema pallidum was discovered 1n a diseased norta 1n 1906 (Reuter)
but long before the discavery of the actual causatnve agent m syphihs the
comnection between that discase and aortirs was known and for severat
¢enturies the production of aneurysms by syplulis was suspected {(Pare 1575

ntst 1724, and Morgagm 1701) Gummata long known to be of
syphilitic onigin were early found n the heart itself

Although 1t 1s probable that the sprrochete of syphibs mvades the heart and
20rt1 early 1 the disease at the same time that 1t Invades other organs actual
disease of aorta and of heart due to syphilis 1s as a rule first demonstrable
either by symptoms or by signs only a good many years after the primary
fesiun (chancre) Twenty years elapse on the average between the onset of
the wlection and its evident mvolvement of the cardiovascular apparatus but
there are wide vanations the mntervals ranging from a few weehs to 30 or 40
Years Except 1n tare cases clear evidonce 1s wanting that there s any m
Portant nvolvement of the heart or aorta dunng the primary or secondary
Mape (that s dusing the first few weeks or months) of the syphilitic mfection
MOst reports to the conmtrary are unsatisfactory Years ago because of the
lateness of this evidence of mfection aortitss and aneurysms were classed along
%ith tabes dorsalts and general paresis as fourth stage or parasyphilitic lesions
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that s the end resuit of the infection that had become mactive while gummata
when they were found were considered mamfestations of the tertiary stace
still active Now we know that ail these p are but diff it

of the syphilitic infection appearing late but still actve, a few aneurysms are
relatively 1nactive scarred lesions but such unprogressive aneurysms are
uncommon

There 1s obviously some sort of affiity between the treponema and the
aortic wall just as there 1s between this orgamsm and the central nervous
svstem 1n certain individuals, what 1t 15 we do not yet know Most cases of
acquired syphihs do not hov develop card: lar disease at Jeast
90 per cent never show clinical or pathologic evidence of such involvement.

Congenital syphilis as well as acquired syphilis may cause cardiovasculat
disease but the congemtal syphditic type is not common The stmple presence
of treponemata mn the heart muscle of a syphditic fetus or child (a common
finding at postmortem exammation) does not constitute syphihitic heart
disease there must be appreciable tissue reaction or destruction in addion
Thus s well illustrated by a report of a study of 939 children with congemtal
syphilis (McCulloch 1930) 498 of these chridren were over two years of
age and only 5 showed any signs of cardiovascular disease and 1n them swch
heart disease was clearly of rheumatic nature of the other 441 children who
were under two years of age 32 died but only 3 of these were found to have
syphilitic heart disease while none of the 409 survivors showed any stens
whatsoever of cardiovascular syphilis

Age Because of the possibility of cardiovascular mvolvement by syphul's
m fetal Ife and of the possible acquisition of the ifection relativelv late 12
Ife the age at which cardiovascular syphths may show itself chineally o at
autopsy vanes from birth to old age The usual age of chnical mamfestation
however 1s 1n the late forties the large majonty of cases come to RONCE
between the ages of 40 and 55 years In one scries of 95 cases there was on¢
patient less than 10 years old there were four between the ages of 20 and
30 e'even between 30 and 40 twenty five between 40 and 50 thirty three
between S0 and 60 twenty between 60 and 70 and one over 70 (White and
Jones 1928) Among Negroes the age at which cardiovascular syphilis
becomes evident 1s younger nearer 40 than 50 frequently 1n the thirties and
even rarely 1n the twenties In recent years two more cases with syphilttic
thoracic ancurysms who were under the age of 30 years have been reporte!
(Evans 1941)

Sex The male sex has far more cardiovascular syphilis than has the fumale
In the senes of 95 cases mentioned above 78 were mate and 17 were female
a ratto of almost 5 to 1 (White and Jones 1928) In anothcr scries of
cases the ratio was 6 to 1 (Nichols 1940) In Moore s series the ratio “"’;
about 2 to 1 (Moore et al 1932) and i a more recent series of 13\
cases of syphiitic aortitis found among 9 807 necropsies {Venzom ‘93‘
there were 164 men and 34 women (Sto 1) This s undoubtedly due Jareely
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to the far greater male exposure to syphilis and to the factor of greater physical
activity

Other factors Other known etiol factors 1n card; lar syphilis are
race and social and economuc status These are very important smce the
members of most of the less civilized races are far more subject to syphilis
once 1t 15 introduced among them than are those of civilized races where
soctal customs and measures of prevention and early treatment afford at least
2 certain amount of protection Even i a civilized community the percentage
of cardiovascular syphilis 15 greater among the inhabitants of lower social and
economic order In Moore s series it was about twice as common 1n Negro as in
white patients (Moore et al 1932) A large percentage of the population of
some half civilized peoples 1s found to be infected with syphiis what per-
centage of those develop cardiovascular disease due to this infection we do
not know because of the lack of accurate statistics we mught at first thought
betieve that cardiovascular syphilis would be very common in such peoples
but that 15 not always the case as found out m Arabta by Piul Harnson
(personal 1940) who d only very rare cases of
ortic aneurysm or aortic regurgitation 1n an active medical service over
many years 1n a country nddled with syphilis It seems likely that a relative
Immunty so far as senous effects are concerned can be acquired 1n countries
where syphilis has long been almost universal and but Little treated In Uganda
however cardiovascular syphilis 1s said to be common comprising over half
of all heart disease among Africans (Willams 1938)

The more laborious occupations are also almost certamnly a cause for early
appearance and rapid evolution of aortic changes due to syphilts because of
the greater physical stramn produced thereby

The factor of early and sansfactory treatment of the origmal syphilic
mfection 15 undoubtedly one of much importance as 1t concerns the later
dc\elupmem of cardiovascular disease of syplilitic onigin 1n cvilized com
Munities at least This 1s only now becomung evident since 1t 1s only 1n recent
years that antisyphilitic therapy has been planned and admunistered 1n any
satisfactory degree to the majonity of patients An example of this effect 1s
the decrease 1n the incidence of cardiovascular syphulis both relatively and

b y seen at the M h General Hospital 1 recent years In 1914
Cabot reported 12 per cent of a group of 600 cardiac cases as due prnimanly
to syphilis 1n 1928 White and Jones reported 5 per cent of a series of 880
cardiac cases as prmanly or secondarily of this type m the same cime while
1 1949 we have found only 15 per cent among 1 000 cardiac cases another
Interesting comparison 1 this hospital 1s that of the meidunce of the diagnosis
of aneurysm of the aorta m the ten year penod of 1900 to 1909 inclusive
{113 among 51 875 cases or 02 per cent) with that in the ten year period
of 1925 t0 1934 inclusine (only 61 among 75 184 cases or 008 per cent
despite the P d 1 factlities for d ) In Bal ™
1932 Moore and his associates stated that not one of 117 patients with




412 HEART DISEASE

early syphilis who received three or more courses of arsphenamine and treat
ment with mercury during pertods between the courses presented any ewt
dence of cardiovascular mvolvement during the period of observation (up to
mine ygars after the mfection) while 24 of 285 patients followed durng this
same period of observation who had received less than this amount of treat
ment were observed to acquire syphiitic aortitis aneurysm or aoruc re
gurgitation  Adequate treatment for early syphilis almost certainly protects the
majonty of patients so treated against subsequent cardiovascular syphihs
Various procedures are now . progress m the use of perweiin m the rapd
treatment of early syphilis for example 600 000 units of procame penscrlin
daily for ten days (khossmann personal commumcation 1949)
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FiG 89  Photograph showing syphtlttic aortiis with marked narrowng of the ml;;‘;;’
of the right coronary artery (8) the month of the left coropary artery (4) is shs

narrowed Compate this with Figure 147 (Jorcs Arterien Courtesy of Julius Sprng®t
Berlin )

Pathology Cardrovascular discase due to syphulis 1s of three muf e’

1 The first and commonest type 15 the result of destruction of the medut
of arterres The exact pathogenesis of this lesion 1s not known 1n the ;\oﬂ-:
1t 1s thought to result from obliterative endartertis of the vasa vasorum “;
most evident 1 the ascending portion of the aorta where the mntima b&c‘g)
pale and wrnkled duc to the destruction of the media below 1t {Tigure hes
The aortic wall 1s thus scriously weakened and loses its clasticity sxrclctt
and dilates The tmtima 1s thickened b ather and may uloer?
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thou,h ulceration 15 less common than 1n the case of pnimary atheroma The
spirochete of syphilis may sometumes be found i the diseased aorta

Three important developments of this destructive syphilitic aortic process
may occur 1f no one of these 1s found as sometimes happens the condition
then remarns climically unmmportant These three developments are. (1) a
stretchimg of the aoruc wall to give nise either to a diffuse or spindle shaped
dilatation or aneurysm or locally to a saccular aneurysm (2) an mvolve-
ment of the aortic valve to deform 1t and to cause aortic regurgitation and (3)
anarrowing of the mouths of important branches of the aorta by an extension
of the process itself

(a) Aornic anenrysms like syphilitic aortitis itself most commonly 1mvolve
the ascend.ng portion of the aorta less often the aortic arch and least often
the descending portion 1n thorax or in abdomen They are only an cccasional
accompaniment of aortitis being found 1n 10 per cent or fewer of the cases
but they are senous because of the pressure they often exert on surrounding
structures and because of their tendency to rupture mto pleural cawittes
pencardial sac broncht or trachea esophagus mediastnum or even into
other great vessels (pulmonary artery or supenor vena cava) Aneurysms are
still rarer of other d such as ath 1 senile
ectasia trauma or bactenal endartentis They are discussed further in Chapter
28 of this book

(b) dortc vahe disease with regurgnation 1s a much more common
accompaniment of syphiktic aortitis than 1s aneurysm occurrng i one
quarter to one half of the cases diagnrosed chinucally though rarely early 1
the disease It was found 1n 36 5 per cent of the 126 cases of syphilitic aortitis
eamined post mortem by Clawson and Bell (1927) and m 27 per cent of
the sertes of cases of cardiovascular syphilis of Moore and his associates
(1932) which 1n turn made up 10 per cent of a clinical series of 6 420 patients
with vanous forms of late svphulis It 15 due to a downward extension of the
aortis 1o 1nvolve pnmanly the commussures of the valve The mflammatory
Process widens the and by sep the cusps produces re
gurgitation (Figure 131 shown on page 686) this 1s the reverse of the rheu
matic effect which umites the cusps at the commussures to cause stenosis
rather than g E of the syph process may further
damage the valve cusps themselves and cause their retraction or adhesion to
the sinuses of Valsalva A very interesting finding 15 a rather rare eventration
of one of the aortic valve cusps gving nise 1o a strihing loud high pitched
musical aortic diastohic murmur with thnll (Bellet et al 1939 Nichols
1940) A weakening of the sortic valve ning with stretching often comes with
aortitis and 1s probably more commonly the cause of ncmc xcgurgl!ah(m than
13 valve deformity per se Thus aortic so f
syphulttic aortitss may result either from this stretching alone or from damage
to the valve or from both factors The other heart valves are not affected
by the syphilitic process directly except as the antenor cusp of the mtral
Valve may be somewhat involved or deformed by spread of the mflammatory...
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reactton down over 1t from the aortic valve or by retraction of the damaged
aortic valve

{c) Narrowing of the mouths of the branches of the thoracic aorta by the
mflammatory syphibtic process 1s an mmportant and not infrequent comphica
tion of the aortris It may even advance to the stage of actual occlusion
Coronary s olvement of this nature (Figure 89) 1s particularly serious and
accounts 1n large part for the angma pectons and especially for the sudden
death so often occurring 1n patients with syphihitic aortitts It was found m
25 per cent of the series of 126 autopsied cases of syphilitic aortitts of
Clawson and Bell (1927) and 1 over half (105 out of 199) of the autopsied
cases of Venzom (1939) Although the coronary arteries beyond therr
mouths are usually not mvolved in the process they may rarely be the scat
of a syphilitic mesartenitis with narrowing and obstruction or even aneurysmal
dilatation (Seydel 1935) Other artenies—the mnomunate carotid subclavian
and ntercostal—may also be more or less occluded at therr mouths 1
sypmhtic aorutis especially if there be in additon aneurysmal diatation
which compresses these arteries Such obstruction may lead to decrease and
delay of one or both of the carotid or radial pulses and rarely to their oblitera
tion with development of a collateral circulation to head or arms

Other artertes besides the aorta and coronary arterses may be attacked by
the syphilitic process with thickening of wall thrombosis and occluston of
with stretching of the weakened wall and aneurysmal development There
may be ancurysms anywhere 1 the body In themselves aneurysms exert
ttle or no stran on the heart the stran comes if they perforate imto veins
(arteniovenous aneurysm) or ff i the case of the aorta the corondry
arteries are obstructed of the aortic valve 1s deformed Sclerosts of the pul
monary artery and its branches following svphilitic involvement of the bronchi
and causing night ventncular fatlure and marked cyanosis ( black cardiacs }
was described 1n 1901 (Ayerza as quoted by Arnilaga 1 1912—see biblog
raphy of Chapter 20) but such a syphilitic sequela 1s excesstvely rare the
great majonty of cases of cor pulmonale with night heart faiure and matked
cyanosts are not syphulitic (see Chapter 20)

2 The second type of syphilitic mvolvement after that of the arteries 8
a diffuse inflammarory reaction i the myocarduem vwith the presence ©
sprrochetes (Warthin 1925 Magill 1935) Some cases of sudden death have
shown this syphilitic myocardiis, but 1t 1s an infrequent mamfestation of
cardiovascular syphilis Rupture of a papliary muscle due to syphilitic Mo
carditis has been noted but 1t 1s exceedingly rare

3 The third type of cardiovascular syphihis 1s also rare and vonststs of the
masion of the heart by These | d to the presence
of spirochetes may be situated anywhere tn the heart—atnal walls ventrcular
walls or septum If they occur high in the mterventneular septum they may
volve the specialized conduction system of the heart—the atrioventrculal
bundie of His or its branches—and produce heart bloch of one W€ ‘:
another Gummata m the myocardium were found mn only 3 of the 12
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autopsied cases of Clawson and Bell s series (1927) Myxod formations
the myocard; ¢ of rounded transtuctd nodules have also been
reported as a syphilitic leston (Warthin 1916)

Symptoms Cardiovascular syphilis 1s often symptomless not only 1 its
early stages but sometimes even when 1t has become far advanced It produces
symptoms chuefly (1) by ats involvement of the aortic valve which causes
heart strain and eventual failure or (2) by its narrowmng of the coronary
artery mouths or walls to cause angma pectorts and even very rarely acute
myocardial mfarction (Burch and Winsor 1942) or (3) by the pressure of
aneurysmal dilatation on surrounding tissue to cause pamn or to obstruct
blood fiow 1m other vessels to bloch ) orarp or to
hoarseness by involvement of the recurrent laryngeal nerve with paralysis The
aortitis aself 1s almost always symptomless but sometimes a more or less
constant dull ache high under the sternum has been ascribed to st even though
there be no definite aneurysm

The earltest and P with
syphilis which usually means aortitis are less commonly angma pectons
and more commonly paroxysmal dyspnea with or without cardiac asthma
or frank pulmenary edema Either one or both may be present with no other
symptoms at all or all the symptoms of congestne falure—more or less
constant dyspnea weakness and p y and 1 d Ly
supervene to replace the angina pectons or to appear at the very onset of
evident trouble Sometimes pallor and loss of strength and werght also
appear eatly mn the disease

Sudden death 1s quite common m cardiovascular syphiits with or wathout
Precedmg symptoms 1t was reported as having occurred 39 of the 199
cases (20 per cent) mn the senes of Venzom (1939)

Signs There may be no signs whatsoever of cardiovascular syphilis by
ary method of examtnation and the conditton may be discovered only at
Postniortem exammation Drlatation of the aorta which occurs after the
Process has advanced considerably may also escape attention for some time
even after symptoms have appeared unless careful roentgenologie study 15
made Even when careful roentgenologic examination 1s carried out 1t 1s not
Possible to recognize early or slight syphilitic aortitss thereby for aortic dilata
tion and secondary caleification are after all rather late effects and actual
dilatation of the first few of the aorta (a site of syphil
aortitts) may be present with no evidence by roentgen ray because the aortic
shadow at 1ts root 15 buried 1n that of the heart 1n all roeatgenalogic views and
Posittons as carried out routinely However by the injectton of a contrast
medtum such as Diodrast the root of the aorta can usually be delineated
1a doubtful cases

Later on when the process has become extenstve and has advanced to the
stage of aneurysmal formation of aortic regurgitation or of coronary ob
struction ordinary methods of chmcal examination may reveal it but by that
time the situation may be hopeless Keen observation and careful study must

ular
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always be carried out when there 15 a suspicion of aortitis Since symptoms
and signs often appear onlv when the disease 15 advanced however 1t will
rarely be possible to pick up the early case> 1n spite of routine penodic ex
aminations Routine examunations nevertheless especially of those individuals
with a hstory of syphibtic mnfection, will sometimes reveal trouble that may
be amenable to treatment before any symptoms have forced the patient to
consult medscal advice the value of these exammatrons should be universally
realized

With aortitts alone or with aortic aneurysm without aortic regurgiation
or coronary obstruction the heart remans normal 1n size without murmurs
but when sortic valve disease develops with increasing regurgitation the hestt
enlarges rapidly and may eventually ncrease to enormous size to produce the
typcal cor bovimum With a considerable valve defect a loud aortic diastolic
murmur devclops louder than 1s found as a rule in theumanc aortic vahe
disease and often heard best at the right of the upper sternum a moderate t
loud aortic systolic murmur also 1s usually heard there (due to the aorti
dilatation) the heart sounds are masked a functional mutral diastobic murm.f
(Austin Fhint) 1s common and the peripheral pulse becomes water hammer
mw character along with the appearance of the so called capillary pulse
Stenosis does not complicate the aortic repurgitation of syphaitic aorblis
although aortic stenosis probably of rheumatic ongin has been encountered
along with syphtlitic aortitts (for example three such cases noted by Cabot
1926) A curious loud high prtched musical character may be tmpatted 10
the aortic diastolic murmur with development of a palpable thnll when a3
already noted above there 15 an eventration of one of the valve cusps (Bellet
etal 1939 Nichols 1940) It 1s to be remembered that the aortic Tegurgd
ton of syphilitic aortitis may begin gradually and at first may be but shght
hence 1t 1s possible 1n some cases to find only a shght to moderate aorti¢
drastolic murmur without a Corngan pulse

There are three signs that have sometimes been adduced as evidence of
early syphilitic aortitis before the development of aortic regurgitation or of
well marked aortic dilatation they are (1) an aortic systofic murmur, @

of ora tymp. or metalitc note to the aortic sevond sound

and (3) mereased retrosternal percussion dullness These signs are all very
unreltable the fiest two beng much more common m cases of aortic sclerosts
with past or present hypertension and the third being found only when fhere
1s marhed aortrc dilatation or a widening of or disease 1t the mediastinum

The serum reaction for syphihis (Wassermann kahn Hinton) 18 SCHCN“Y
posttive and strongly so mn card ular syphilts i approvt
mately 15 per cent of the cases 1t1s negattve the Hinton reaction 1s more senst
tne than the Wasscrmann test It must be remembered however that syphibs
with a posttive Wassermann reaction may be present as an incidental mf:dml’;
complicating chronte valvular disease or angina pectorts which s mot 0{
syphilitic ongin this fact gccounts I believe for a gross averesymation ©
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syphilitic aortrtis as a cause of angina pectons i some parts of the world 1
days gone by

The esseatial evidence of syphilitic aortus 15 most commonly presented by
roentgen ray exammmnation the bulging of the thoracic aorta (especually the
ascending portion and the arch) without other adequate reason {for exam
ple bypertension) affords the essential clue (Figure 146 page 7703 The
electrocardiogram remams normal until the heart enlarges as the result of
30MC regurgstation wath the development then of the pattern of left ven
tmeular hypertrophy and dilatation (see Chapter 9) or unni the coronary
arcalation 15 mterfered with when one of the many patterns of coronary
beart disease may appear

Course and Su The onset of card syphilts 1s very slow and
madious When aortitis has becomes established years after the 1mtral Jeston
and has come to Light because of the symptoms or signs if has produced the
course 15 often dufficult and the Prognosts 1s often poor Sometimes however
ireatment helps a good deal m relieving symptoms and m retarding the
Progress of the disease Spontaneous cures or rather cessation of symptoms
without fusther development of signs ase also seen Not mirequently 1n the
course of a few months to several years after the discovery of the trouble
death occurs suddenly with or without preceding angina pectoris or it may
result from congestive heart falare some complicating infection ar cerebyal
lesion o warely rupture of an ancurysm Sometimes death comes quickly even
3 few weeks sometimes 1t 15 postponed for ten to twenty or more years
The average duration of hfe from dagnoss to death used to be about three
years 1t has been wereasiug steadily since more effectrse therapy has been
Cattied out One of the most mportant factors of all i controthng prognosts
i5 the degres of phystcal activity of the patient the more strequous the hfe
18 this respect the shorter 1t will be a relativel quiet d y
prolonging hfe This fact 15 a pnme reason for the YETY SECi0Us prognoss
of cardiovascular syphihis among the Negro laborers OF 124 cases of syphstitic
a01te 1o, followed p ly by Blackford 57 died within one
Year of the discovery of the leston 27 more died during the next two years
17 were known to be alive after three years and 8 were sull ahve after five
Years (Blackford personal commumcation 1936) In all probability the
factor of hard physical vork 1s more important thau that of race 1 this regard
although 1t 1 true that the relative neglect of treatment may enter also

eeflect of energetic specific treatment even of thus late sy phibis of aorta,

32d beart on prognosss has been wn the mamn distinctly favorably as has been
demonstrateq by a number of anthonties {Moore et al 1933 Padget and

foace 1935 Buch 1945 Webster and Reader 1948) A study of 116
Patients (103 men and 63 women) wath late syphilitic cardiovascular lesions
showed the followtng relative survival periods for welt treated moderately
treated  gpg poorly treated cases 71 months 57 months and 16 months
fespectively (Buch 1945) Webster and Reader studied the micrascopic
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sections of the aortas of 45 patients with gross evidence of syphilitic aortitis
at postmortem exammnation with relation to the effect of treatment The
patients were divided into untreated 1nadequately treated and adequately
treated groups the crterron of adequate t bemng a of at
Jeast 20 arsenical and 20 bismuth injections, only three of 19 patients ade
quately treated showed any activity of the process while all 9 untreated cases
showed acttve cellular mfiltration of the aorta

Sudden death 15 occasionally the result of an undiagnosed syphilitic invohe
ment of aorta or heart without previous symptoms or signs The med cal ex
amuner or coroner establishes the cause of death If such cases were added to
those 1n whom the diagnosts has been made before death the staustics of
the total number of cases of cardovascular syphulis 1 the commumty would
be sl htly increased but probably by not more than a very few per cent 2t
most depending of course on the thoroughness of medical examination and
care and of postmortem examinations in that particular commumty

The prognosis may be made worse 1n rare cases by too vigorous theraph
Heart failure and even death have followed directly 1n a few cases from
overzealous efforts to cure

Comphlications The important compl of cardi lar syphilis
have already been referred to under the heading of pathology-—ancurvsms
angma pectonts coronary occlusion (not coronary thrombosts) and congestne
heart faillure Other types of heart disease or of vascular disease may
present 1 particular arteriosclerosts of aorta or of coronary arteries chronic
rheumatic valvular disease hypertension and uncommonly subacute bactenat
endocarditis A confusmg prcture 1s somettmes presented by the aorta whe?
syphilis and atheroma are present together this not mfrequently happens 1t
older pattents Syphiitic aortitis predisposes to sclerosts elongation and
tortuosity of the aorta but apparently not much to dissecting aneurysms
Penicarditis 1s a rare compliation of aortitis and s not a part of the syphiliic
picture Important cardiac irhythmias are also uncommon espectally atrial
fibrillation P beats are lly seen and are frequently follow
by pulsus alternans if the left ventricle 1s weak Heart block erther atri®
ventricular or mtfaventriculsr m type 1s found now and thea but 1t 15 TGS
of hygh grade complete atrioventricular block and bundle branch block ar¢
much more commonly the result of nonsyphilitic coronary disease

Central nervous system syphilis complicates cardiovascular syphilis 1n from
20 to 30 per cent of the cases while cardiovascular syphibis has been report
1n 20 o 25 per cent of cases of general paresis and in from 15 to 50 pef eent
of cases of tabes dorsalis

Treatment With the advent of pemcillin the discusston of the treatment of
cardovascular syphlis needs radecal revision Tt resembles that of subacste
bacterial endocarditts 1 that a really specific and curatve therapy of the
active disease process has been introduced though leaving behind 1t as 1" ::*;
case of subacute bacterial endocarditis too a scarred heart but it dlﬁ; s
marhedly m the past n that there already existed for cardrovascular syF !
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reasonably good therapy Although pentilin may eventually completely re-
place the heavy metals namely arsenic bismuth and mercury i the treat
ment both of syphihs mittally and of its sequel of cardiovascular disease [
shall retain here for use even if only supplementary and for huistore mterest
during transstion much of the detail of the therapy presented m the last
edition of this book

Current experrence has established the value and safety of pemcillin therapy
of cardiovascular syphilis and therefore such treatment 1s more and more
replacmg that with the heavy metals At first 1t was feared that the speedy
resolution of the active disease 1n aorta and heart mught have serions con
sequences mn the way of weakemng the wall and of mducing the Janisch
Henxheimer reaction Hence at first very small doses of pemetln were ad
mustered for example, S00 to 3 000 umits but as time went on 1t was
discovered that much larger amounts could be safely and effecttvely given
25000 to 100 000 units (Tucker and Farmer 1947 Moore et al 1948
Kossmann and Flaum 1948 Porter 1948) But apparently the coexistence
of nevrosyphilis especially general paress does sncrease the threat of the
Herthetmer reaction (Moore et al 1948) Several authonties have recom
mended for the adeq of cardio lar syphilis a total dosage of
from 5000 000 to 15 000 000 units of sodwm penicillin given 1n aqueous
solution by intramuscular mjectton over a penod of about three weeks for
example 40 000 units every three hours for 150 doses (kossmann and Flaum
1948) Procamne pemeillin 1n the dosage of 600 000 units once daily n the
buttocks or 300 000 urts twice daily for ten days to two weeks can be more
convemently admumstered

For particular symp special 1s mdicated as 1n the use of the
nutntes for angma pectons or digitalis and 1f necessary dwretics for con
Bestive farlure and of h yp! and for and aneurysmal

Pressure pains For mtractable angina pectons and pains due to pressure or
£r0si0n by an aneurysm paravertebral h y or alcohol
has proved of much value (see Chapter 21) Total thyroidectomy 1s contra
indicated

It s regarding specific antisyphiitic therapy with the heavy metals that
there was much disagreement 1 the past Some were for forcing 1t vigorously
nthe hope of stopping the progtess of the disease others would grve none for
fear of weakemng the aortic wall or myocardium by too rapid a destruction
ob 1 and I of Y tissue with 1 heart
faure or tncreased stretching of aortic wall The wisest course undoubted]y
tested between these two extremes—namely the careful long-continued ad
m i of a modk amount of antisyphiltic drugs d d m each
ndidual case by the condinon and needs of that case In the presence of
ongestive failure antisyphilitic therapy was withheld untl treatment of the
fature had been successful but today pemcilhin can be given concurrently
under carefyl supervision

e techmc sn the use of the heavy metals which has been successful 1
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many cases of cardiovascular syphilis 1n the past may best be quoted directly
from the several paragraphs concerned 1n the last edition (1944) of this book
The only debatable pomnt concerns the addition of potassium rodide which
although traditional has been omitted by a number of authonties without
detracting from the success of the treatment Incidentally it has not been

y to add p 10dide to p Ihin 1n the new therapy of syphilis
It seems reasonable therefore to place 1 brackets the reference to potassum
iodide 1 the quoted paragraphs

The foll J: for the of spraific therapy m cardio-
vascular syphths although by no means the only methods that may be employed
have proved by extensive expenience to be satisfactory M the diagnosis 1s certat
or reasonably sure and congestive failure or sertous renal and hepatic disease are
not present therapy 1s begun with mercury or preferably bismuth and potassium
sodide It 1s preferable to begin with bismuth 1n the form of an msoluble salt
(the late) by g m the dosage of 01 gram (1%
grans) every four days for four weeks and then 02 gram (3 grains) weekly for
another eight wecks [Simultaneously with the bismuth potasstum 1odide should
be given by mouth 20 to 30 grams (30 to 45 grams) three times dnly} ™
drugs must be decreased 1n dosage or stopped 1f toxic symptoms arise such tox1¢
symptoms consist chiefly of salivation in the case of bismuth [and of urticand,
erythema lachrymation and coryza m the case of potasstum 1odide] Also there
must be a pause s the specific antsyphilitic therapy if conpestive heart faure
supervencs except that either of the two excellent mercury diuretics Salyrpef
(Mersalyl) or Mercupurin (Novurt) may be njected intravenously of mnira
muscularly in the dosage of 2 cc weckly or once every few days until the congest 0
1s cleared up such therapy acts however 1n combatng the heart fatlure rather
than n controlling the cardiovascular syphtlis

At the end of this first course of twelve weehs arsemic should be cautioudy
added to the therapy if the conditton of the patient warrants as 1t wsually do¢s

Mapharsen 1n twelve weckly b with 002 gra®
and g toa dose of G 04 gram 15 desirable of possible
B (bismuth arsph ) may be gven instead of M2

pharsen to the less favorable thatis the sicker patrents by intramuscular mee
tion of 0 1 gram every five days increasing to 02 gram at a dose for a penod o
twelve weeks

At the end of this second course one should return without pause 10 the
therapy used mn the first course injecttons of an insoluble bismuth salt [atony
with potasstum 10dide] These two courses should then be alternated every 'h':
months for a mmimum pertod of two years After that one course of bismut
followed by one course of Mapharsen or Bismarsen should be gwven ann
for the duratton of the patients life "

Such antisyphilitic therapy as has been outlined above may now and then )“n
sinkang results with decrease or disappearance of angina pectonis or of h‘:n
block or with cessation of growth or even decrease i size of aorfa or nnﬂm:m
In many cases 1t merely retards the progress of the disease Rarely 1t does l;‘;m‘
but 1n the selection and of the therapy obviates 2!
alt danger Taking everything 1to consideration prolonged but not rapid spEc

al'y
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therapy of cardiovascular syphilts 1s well worth witle Not only 1s Ife prolonged
by adequate therapy (by several years mn Moore s series of cases of sortic aneurysm
and syphtlitic aortic regurgitation as d with control M et al
1932 and Padget and Moore 1935) but symptoms are decreased and disability
15 Jessened

“The most 1mportant consideratton of all however with respect to cardio
vaseular syphulss 15 that 1t 15 a preventable disease early and thorough treatment
of the mitia} syphil should p lly wipe out syphihtic aortitis and
ats sequele

Diff diagy [« lar syphilts chuefly m the form of aortitts
1310 be differentiated particularly from angina pectons of nonsyphilitic ongm
from chronic valvular disease of nature Ny affc the
aortic valve from a kinked or tortuons aorta due to extensive atherosclerosis
or to a high position of the dtaphragm with horizontally placed heart simulat-
ing a dilated aorta 1n the roentgenologic anteroposterior view but eastly sdent:
fied 1n the oblique views from mediastinal tumors which may simulate aortic
didatation or aneurysm by physical e<amination and roentgen rav and from
hypettensive arteriosclerotic heart disease with aortie dilatation aortic re-
8argitation angd congestive farlure Very rarely there may exist acute gumma
tous myocardits If acute dral (R 1936)
Altsigns and symptoms mcluding the Wassermann and Hinton reactions must
often be considered together before a defitute dragnosts can be arrved at
sometimes even then 1t 1s 1mposstble to differentiate syphilittc aortitis from
these other conditions The only fairly certain sign 1s that of the presence of
@n aneurysm of the thoracic aorta 1n the male ancurysms of the abdominal
orta are generally arteriosclerotic as are also rare thoracic ancurysms in old
%omen The earhest stage of aortiis cannot be diagnosed cliucally the aorta
being at that time of normal size and shape

Aortie syphihis has been and 1 fact 1s still being overdagnosed m the
Presence of the combination of angma pectoris or aortic regurgitation and
of a positrve serologtc reaction or a history of syphilitic infectton In truth
angma pectonss 1s uncommonly due to syphilis even though syphilis 1s present
mnthe case and also i some parts of the world where theumatic heart disease
s common rheumatic aortic regurgitation and syphiis with or without
aortitis may be present in the same pattent
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CHAPTER 17

—_—

THE HEART IN DIPHTHERIA, SCARLET FEVER, AND
TUBERCULOSIS AND IN OTHER BACTERIAL
INFECTIONS, INFESTATIONS, AND
VIRUS DISEASES

_—

Although this chapter 15 steadily shnnking mportance m the overall
picture of cardovascular disease because of current 1mprovement n the con
trol of mfectious diseases both prophylactically and therapeutically through
out the world our knowledge of the cardiovascular effects of many diseases
has widened and deepened dunng the last Seneration as 1n the case of the
virus diseases

an mportant effect on the longevity of persons with heart discase An infer
esting companisen of the standardized death rates per 100 000 among |nsur=§1
persons aged 1 to 74 years in ths country 1 the years 1917 1941 and 194
has recently been made possible (Statistical Builenn Metropolitan Life In
surance Company March 1942 Vol 23 No 3 Dublin personal communt
cation 1949) diphthena in 1917 showed a rate of 21 7 1 1041 only 07
and 0410 1948 syphilis 191 1n 1917 91 1n 1941 and 4 8 1n 1948 [‘;":‘
monta (all forris) 1318 1n 1917 23010 1941 and 152 m 1948 typho
424
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fever 12011 1917 0 810 1941, and 0 1 1n 1948 and teberculosts (all forms)
20220 1917, 40 9 sn 1941 and 25 9 1 1948

Having considered m the last three chapters the more important cardio-
vascular infections, rheumatic acute and subacute bactenal and syphilitic
¥e turn now to other infections which hasve a relatively uncommeon or unim
portant effect on the heart Only occasionally do a few of these mfections cause
senous heart disease

DIPHTHERIA

Diphthenta during and following World War 11 has had a recrudescence
of mp because of its d freq 1n the wake of the hardships
i Europe and Asia and of its protean form among the military forces of the
USA 1t often causes mmportant damage to the heart muscle but happily it
has been robbed of so much of its threat 1n recent years by large scale pre
vention of the disease in the first place and secondly when 1t does owcur by
the use of anutoxn that much less diphthenitic heart disease 1s nowadays drag-
Rosed than was the rule a generatton ago Dunng World War II nonfaucial
diphthenta was on d when it ked other parts of the
body especially the skin and senious cardiac effects were at times noted
before a correct diagnosis was made

Pathology The acute effect of severe diphthenia which 1s not quickly or suffi
ciently combated by antitoxin may be serous There 1s clear evidence that
&2v¢ myocardial damage may occur and that this may lead to death The
dphthena bacillus stself 1s rarely encountered 1 the heart 1t acts evidently
through the towin 1t produces which circulating in the blood stream reaches
the heasgt muscle The necrosts (Figure 90) produced in the myocardium may
be found only at postmortem exammation or it may gne evidence dunng
We by the production of vanous grades of atrioventricular or mtraventricular
block (shown by electrocardiogram) or rarely of heart falure In some cases
there may be multiple small hemorrhages throughout the heart as well as m
other parts of the body (as mn the Lver and intestines) and 1t seems likely
that such hemorrhages 1n the heart muscle may play some role in the sickest
Cases. Undoubtcdly death duning diphthena results from the myocardsal 1
volvement 1n a considerable percentage of the fatal cases such death may
come abruptly without warmng or after giving evidence such as that noted
above Endocarditis and pencarditis are not caused by diphtherta, except 1n
Unque cases (Sutherland and Willis 1936)

€re 15 very infrequently any clinical evidence of a chromic effect on the
heart from diphthena even when 1t has been severe Survnval usually means
£scape from any permapent or serrous heart chsease Shight lestons which may
s d by of the m doubtless occur

I some cases but they arc not ble by chinical There-
fore 3115 reasonable to nfer that any sertous sequelae are absent rather than
Present, Rare cases of chronic atr lar or ntray lar heart block
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Although this chapter 1s steadily shnnking in importance mn the ovesall
peeture of cardiovascular disease because of current improvement in the con
trol of mfectious diseases both prophylactically and therapentrcally through
aut the world our knowledge of the cardiovascular effects of many diseases
has widened and deepened dunng the last geperation as mn the case of the
virus diseases

Two or three generations ago the bulk of all heart disease was blamed on
nfections many cases were rightly so labeled but many more wete ncorrestly
diagnosed particularly those with unrecognized congemtal hypertensive and
coronary heart disease Now infectious cardiovascular defects are knows 1©
compuse but a runority of all cases of cluncal heart disease one reason for
this change 1n viewpornt 15 the actual decrease n certan serious nfections
that can cause pnmary damage to the circulation but the more sigubean!
reason ts the correction of the old time exaggerated powmnt of view 1t s e
however that many diseases which may be fatal show changes m the heart
that are terrmnal n nature though not present n serious degree dunng ufe
and that even the infections which do not directly cause heart disease can be
sertous or fatal complications 1n cardsac cases so that thetr control does have
an important cffect on the longevity of persons with heart disease An mter
esting compatisan of the standardized death rates per 100 000 among 1S 4
persons aged 1 to 74 years in this country n the years 1917 1941, and 19
has recently been made possible (Sratistical Buflenn Metropoltan Life In
surance Company March 1942 Vol 23 No 3 Dubln personal cumm““_;
cation, 1949) diphthera 1n 1917 showed a rate of 21 7, i 1941 oaly 0u
and 04 1 1948 syphdis 1911 1917 91:n 1941 and 481 1948 P;‘ld
moma (all forms) 131 8 m 1917 23 0 1n 1941 and 152 10 1948 LP o
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but weakness and fisth are the symptoms accompanying the
cardiac involvement and these may be due rather to the general effect of
diphthersa on the whole body {nervous system vasemotor contro] and muscu
lature} than to the cardiac mvolvement With the rare comphication of con
gestve heart fadure cough may appear

Signs Signs also are relatively mirequent There may appear pallor cyano~
515 cardiac due to dil hycardia diastolic gallop thythm
fwhich may be due esther to delayed atnoventncular conduction or to cardiac
difatation and fanlure of to both) an apical systohe murmur due to secondary
outral regurgitation or an arrhythms which my melude an ommous ventrie
wlar paroxysmal tachycardia and rarely bradycardia due to heart block
There may be hepatic engorgement and tendermess and pulmonary rales due
toieast farlure 1 2 majonty of these sigas are present the immediate prognosis
15 very serious

Fever 15 not a sign of diphtt dial invol t m fact the most
serious heart trouble exists after the fever of the acute niness 1s over Fluore
scopic examunation if such can be safely undertaken may show dilatation of
the heart Electrocardiographic exammnation 1s of greater value than any
othiet special method by revealing the degree of atnoventncular or mtraven
trs ular {bundle branch) block or more commonly abnormalities of the T
%wave Biood and urine examunations and other such studses are sot of much
help

Course and prognosss When mvolvement of the beart m diphthena reveals
self by signs or symptoms the course of the iliness 15 short and fatal or long
and exhausting with the prognosis in doubt Although about half of such cases
Tecover they are not out of danger for weeks and they may die suddenly at
any tme dunng this penod of convalescence Heart block 1s wsually a fatal
SIg» especially bundle branch block A follow up study of cases of diphthena
al the South Department of the Boston City Hospital has revealed a few
survivors after the development of atnioventriculer or mtraventrseular block
On recovery from the diphthena such cases have Jost all electrocardiographic
eudence of heart block except for very rate mdrviduals who retamed some
degree of atrioventneular block there were none m this particular serses sn
Whons intraventncufar (bundle branch) block persisted (Faulkner and Place
Personal commumication) though one such case was reported by Perry
(1939) T wave changes also tend to clear up aithough rarely snversion of
ths wave 1n Lead § or Lead 2 has perusted for a few months or even o few
years

Complications Heart block and cardiac dilatation bave been mentioned
A grave card; o1 of diphth There are two other sen
@5 eardiovascular complications duficult to aralyze namely vagal and
splanchne paralyses The tachycardia m diphthena has sometimes been
2enbed to vagal paralysis resulting from damage to this nerve by the diph
thentic tomn and also to crculatory failure from vasomotor (splanchnic)
Paralysis the Iatter hee slen heen hiamed for some of tha danthe ¥ conme




428 HEART DISEASE

probable that these are real tactors how responsible they may be as com
pared to actual myocarditis we do not know, 1t 15 probable that all these
factors operate simultancously 11 a senously sich patient

Treatment In the first place adequate antitoun should be given at the onset
of the diphthena, the more severe the illness the more umits of antitoun should
be admumstered even up to 50,000 or 100 000 Thus early therapy 15 the most
mmportant of all measures to protect the heart Rest i bed should be en
forced for at Jeast several days after all signs of infection have gone evenin
the muldest cases and for several weeks in the severe cases especially if there
have been symptoms or signs of cardiac mvolvement For serious cardiovascular
complications absolute rest and ntravenous dextrose (glucose) mjections
(25 to 100 cc of 50 per cent solution daily or oftener) have been found more
helpful than other measures Digitals, epinephane (adrenalne) and other
sumulating drugs with the possible exception of caffeine and theopbthne
ethylene dramine (amnophyllin), have been disappomntngly meflectne 10
the treatment of cardiac failure and vasomotor collapse 1n diphthena early

deqi of the mfi 1tself wll prevent such complications

Drfferential diagnosis The differential diagnosts of diphthenitic heart disease

is usually not difficult Tt must be distingmshed from the unimportant neuro-
y asth (effort syndrome) that may come n diphthena as i ao¥

infectious disease from the tachycardsa due to vagal paralysis and from cort
cident heart disease such as rheumatic valvular disease It must be bomne 18
mind also that diphtheria of the skin or mucous membranes other than of
the fauces can result i senious heart disease

SCARLET FEVER

There 15 stnetly speaking probably no such enuty as the scarlet fever

heart although there may occastonally occur temporary towie cardiac effect
Permanent heart disease certamnly does however follow scarlet fever 1a rathet
rare cases Evidence that has been accumulating 1n the past few years mdicates
that scarlet fever Iike certamn other streptococcus mnfections merely plays (¢
role of an activating agent of the rheumatic nfection 1o the heart 10 mdt
viduals who belong to  rheumatic farmlies (Paul Salinger and Zuger 1934
Faulkner Place and Ohler 1935) Further important evidence that mﬂdﬂ
feser per se does not cause any important myocardial disease has been
vanced by Shookhoff and Taran (1931) who found in the electrocardiograms
of fifty consecutise patients with scarlet fever only mwmor changes i the 4
waves or (¢ T mtervals i 10 per cent and no prolongation of the P R lm;n;:
1 any case 1n contrast to the frequent changes especially prolongation of u
P R interval 1 acute rheumatic heart discase The statistical evidence whid
we possess at present indicates that not over 05 per cent of all casdbsm
scarlet fever are pl d by end ditis or | s or both and ¢ .
a very small fraction of 1 per cent of cases of heart disease origmate d:“;
scarlet feser The chrome valvular disease that resulls ts of rheumatic &
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butit does not ordinanly develop to the stage of marked valve deformity The
mitral1s the valve ordinantly attacked the aortic rarely In a senes of 602 cases
of scarlet fever observed during one year (August 1943 to August 1944)
36 (6 per cent) showed cardiac complications durmng the acute ilness 32
with myocarditis of whom one died with atnal fibrillation and two others
showed parttal 3 v black aad 4 with endocacditss (Neubauer 1945)

1t 1s especially 1n pauents m whom acute polyarthntis complicates scarlet
fever that acute cardrac infection tends to occur valvular disease has how
eser also been reported tn scarlet fever wath no arthnts It 1s important always
to wait until the completion of convalescence before ascnbing to valvular
damage an apical systoltc murmur which may be merely a temporary accom
Pamument of the scardet fever itself More than half of the cases of acute endo~
carditis or pencarditis occnrring tn scarlet fever show an arthntrs at the onset
of the heart disease

The pathologic changes ate sumilar to those of rheumatic heart disease
both in the acute and m the chronic stages

There are no symptoms of the heart mvolvement stself except for a slight

prolongation of the fever and lly pam from p
The only signs are the development of shght cardiac enlargement and of
eart rarely the of a p dial friction rub dunng or

a;’;hc end of the scarlet fever and minor electrocardiographic changes noted
above

The treatment of scarlet fever and th favoring the p tton of the
imfrequent heart disease that results has been improved since the introduc
tion of pemertlin which should be admmistered at the very onset of the hemo-
Tyte streptocaccus sore throat which ushers in the scarlet fever and continued
until convalescence begns 1n order to prevent especally the formerly senious
and common complication of mastoiditis

The it 1 d 15 2 m that the acute heart disease
with or without pencarditis occurnag during scarlet fever and the chronic
valvular disease that may follow are ndis ingwishable from rheumatic heart
disease acute and chrontc

STREPTOCOCCUS HEMOLYTICUS INFECTION WITH
HEMORRHAGIC NEPHRITIS

Among others Whitehll Loncope and Williams (1939) have called atten
Hon to thus serous disease 1n childhood which 1s not infrequently attended by
3 pl of cardiac dil: and even heart failure early 1n the 1liness
(71 per cent of the series of 138 cases of Whitehi! et al) but fortunately
Nowadays pemciilin given as near the onset of the disease as possible can
result in much improvement and may help to prevent the more sentous cardiac
eflects provided the streptococcus tnfectton atself 1s still active the penrcillin

¢S not cure the nephnts ttself The death rate used to be farrly high (203
Per cent of the 59 severe cases m the seres Just mentioned) recovery was

-~
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slow but the heart did often return to normal (see also Chapter 23) Happlly
the picture has changed and this disease should be on the way out

PNEUMONIA

Preumonia esther lobar or bronchial 1n type may prove a great strain for
an already weakened or diseased heart but 1t does not ifself cause serious
heart disease except in rare mstances when acute bactersal (generally pneu
mococcus) endocarditis or a septic pejcarditts occurs 1n exther case almost
always a fatal complication m the days before chemotherapy with the sul
fonamude drugs and the introduction of the anttbiotics especially peniillin
but this complcation 1s now largely preventable and most cases that do occur
are curable by the use of these drugs (formerly sulfadiazine sulfathiazole or
sulfapyridine 1 to 2 gm 15 to 30 gr 3 or 4 times a day for a few days under
careful observation and with blood utration and now preferably procane
penedlin by intramuscular anjection 300 000 units daily for a few days to 2
week or terramycin chloromycetin, or aureomycin by mouth abont 500 mg
every 6 hours for a week) The various antibrotics should be apprased as to
their efficacy by direct testing on the growth of the responsible organisms
themselves

Electrocardiograms 1n the coursc of and immediately following severe
preumonta may show various arrhythmias and sometimes ymportant changes
such as mnverston of the T waves and prolongation of the P R mterval the
more severe the disease the more marked the changes but these abnormalities
subside during convalescence Undoubtedly they are to be ascribed to a direct
toxic effect on the myocardium (Cohn and Jamieson 1917 Master ¢t al
1931) At postmortem exammation the heart muscle cells may show clondy
swelling but such a finding does not constitute real heart disease

As will be observed concermng typhod tever and exanthematic typhus the
weakness and collapse due to pneumonia are not the result of cardiac faiture
but of the infection It 15 thercfore not to be expected that routine digitals
therapy in pneumoma shouid help except when there 1s obvious congLstve
fatlure or a rare complication such as atrial fibnullation or atrial flutter

TYPHOID FEVER

The rare mnvasion of the endocardium by the typhoid bacillus producing
acute or subacute bactenial endocarditis has already been mentioned (Chap
ter 15) Much more common but of litle or no cimncal importance 1S the
finding at postmortem cxammation of shght to moderate scattered 107
changes of muscle fibers and mterstitial tissue conststing of cloudy sweling
and infiltration with small round cells m the majonty of cases dysng O
typhord fever Also pertartertits and endarterttis have been found m the bl o
vessels of such patients esven to the extent of causing ulceration and ancury!
of the aorta Pericarditis 15 a rare comphication

Generally the heart 1s not affected to any important or appreciable degree
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n typhoud fever Not infrequently, however 7' wave changes (flattentng or
mversion) and rarely delayed atnoventricular conduction can be found by
electrocardiogram during the acute mfection but no high degree of block
(Brow 1929 Porter and Bloom 1935 Mainzer 1947) and if cardiovascular
Symptoms occur they are 1 the nature of the effort syndrome usually found 1n
miectious discase O course organic heart disease of other nature may
Pappen to comphcate and be overburdened by the mnfection but it 1s wrong
(o treat the heart with digitalis or other such drug 1n order to combat the
P of effort synd: or of latory falure due to vasomotor pare
sts 1t 1s apparently not heart farure that kills 1n typhoid feser but the toxic
effect with weakness and vascular collapse resulting from the mfiction Also
4 with the during a prol d illness with
typhoid fever may play a rolc electrocardiographucally and otherwise (Rach
milewttz and Braun 1948)

TUBERCULOS!IS

Tuberculosis docs not cause heart disease itself except mn rare cases in
Wwhich there 15 durect tuberculous 1nvasion of the myocardium or endocardium
P g

i! 1s however Ally d as esther (1) an
ssolated Iesion (2) a part of a pol or (3) an from med:
astm] tuberculosis

Tuberculosis of the my ts mfreq y found at p examu

nation as a part of a miliary tuberculous process or in the form of a solttary
tubercle or abscess It 1s an autopsy finding rarely even suspected duning hfe
The mthiary tubercles i the heart muscle almost never produce any symptoms
ST signs the iliness being that usually observed n miltary tuberculosis If m
Yasion or pressure directly mvohes the atioventncular conduction s)stem
heart block may occur with arrhythmia and slow pulse or myocardial tuber
culosis may even cause congestive heart fatlure (Walbur 1938 also personal
obsenation 1947) Sull more rare than discase of the heart muscle in methary
tuberculoss 15 a myocirdinl mnvaston by a solitary tubercle or tuberculous
(cold) abscess such invasion 1s usually symptomless and without signs but
1t1s epable of caustng 2n aneurysm of the heart wall which may even lead to
tupture and to death In a senes of 7 683 cases of tuberculosis myocardial
tuberculosis was found 49 times (0 63 per cent) (Ravart 1906)

Tuberculous endocardus 1s also rare infrequent cases usually of mthary
tuberculosis tevealing at autopsy tubercles mn the endocardium of the heart
“alls and of the valves or tub b ) of the end. Tuber
tle bacull have been found m such endocardial lestons There 15 no evidence
that chromic valvular disease can ongnate either directly from tuberculous
mflammation or mnderectly from the toxic effect of tuberculosis elsewhere 1n
the body

Tuberculous perarditis 15 not rare It 15 an 1mportant type of acute and
alse of ¢chrome pentcardual disease asolated or more commonly associated
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with a simlar mvolvement of pleura or with a tuberculous nvolvement of
the mediastinum ansing from lymphatie glands, spinal cares, or other cause
It 1s not usually accompansed by myocardial or endocardial tuberculosts but
1n rare cases for example 1 milary tuberculosis 1t may be thus comphcated
Isolated tuberculosis of the pemcardim unsuspected during Iife has been
discovered to be an occasional cause of death 1n elderly individuals { Thomp-
son 1933)

Pencardial effusion 1s a common accompamtment of pencardial tuber
culosis and may be very slow and 1n<idious 1n its onset causing few ot no
symptoms at first but finally incapacitating the pattent by ts pressure effect,
which prevents adequate filing of the heart (cardiac tamponade—see Chapter
27) or by assocrated fever and weahness The effuston often 1n fact usually
hemorrhagic 1n character may develop to enormous size (even up to 2 or 3
Iters) and because of 1ts very gradual growth may be astomshingly well sup-
ported for a long time even for many weeks 1t 1 much better endured by the
patient than 1s the more acute rheumati¢ perscardial effusion of the same
amount of flid The tuberculous cffusion may be spontaneously absorbed
or with the develop of sertous P and signs require paracentesis
The symptoms—dyspnea cough and oppresston—come from pressure effects
and but rarely include sharp pains such as are frequent m rheumatic pent
carditis The signs are those of a small moderate or large accumulation of
flud mn the percardium with shght moderate or enormous increase of the
area of percussion dullness over the heart and of the roentgen ray shadow
With a large effusion the artenal blood pressure 1s low especially the pulse
pressure, there 1s often a well marked paradoxscal pulse and the systemic
venous p 15 elevated with ltimg pro; of the jugular veins and
pulse and enlargement of the Iiver these are signs of acute or subacute con
strictive penicarditis (the so called cardiac tamponade) A pencardal frictron
rub may be heatd over the precordium even 1n the presence of a large effusion

After the subsidence of the acute process a serious chronic pericarditis may
develop frequently with snvo of the med: If extensne (s
chromic medtastinopencarditis may so cramp the heart chambers and great
veuns that the entrance of blood 1nto the heart 1s obstructed Generally the 0b-
struction 1> most mantfest 1 the hepatic vens with resulting hepatic engoree
ment and ascites thus condstion has therefore been called chrome mediasting-
pencarditic pseudocirrhosis of the liver or Pick s disease (Chevers 1542
Pickh 1896) but a better designation 1s chrome constrictive pencarditis (see
Chapter 27) Sometimes the process may be shght wathout handicap from
the nonconstrictng or only shightly constncting pencardial adhestons

Tuberculosss of the blood vessels may occur in rare snstances causing €0
darteritis grantlomata and even aneurysmal dilatations The invasion may
be either from the blood stream or from nfected tissue (lymph nodes for
examplc) contiguous to aorta or other blood vessel

The ntroduction of streptomyvein has given promuse of md 10 2 few “]‘
stances of tuberculous pencarditis this drug in the dosage of 2 to 4 gm daily
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has been apparently helpful but s toxic effects are a distinet drawback (see
Page 403 an Chapter 15)

The relationship of heart disease fo fubcerelosis of the Jungs It has fong
been sud that pulmanary tuberculoss is rare 1f there 15 consyderable mutral
steosis This appears 1o be true the reason 1s not clear but 1t may be that
the chronse pul Y f from mutral stenoss makes 1t
dificult for the tubercle bacillus to gun a foothold In one sertes of 300 cases
of mural stenosss there was found but one case of pulmonary tubercelosis
{03 per cent) and 1n a senes of 20 000 cases of pulmonary tuberculosis there
was reported to be but one case of mitral stenosis (0005 per cent) (Monte
negro 1919) Valvular heart disease of other sort {not marked mmtral steno
sis) 15 however occassonally and sncidentally seen in pulmonary tuberculosis
the combination was reported 111 29 out of 1097 cases of pulmonary tuber
culosis valvular heart disease or both ewamtned post mortem (Calthrop
1920) im 31 out of a series of 13000 cases of pulmonary tuberculoss
(keliner 1921) and m 09 per cent of 7115 necropsies on taberculous
Patients (Brown quoted by Hawes 1932) An analysis of 522 adults with
pulmonary tuberculos:s revealed 3 cases of theumatic heart disease and 2 of
congental heart disease {Buckingham and Hoflman 1935}

In contrast to the ranty of pulmonary tuberculosis in cases of pronounced
mitral stenosss 1t 1s smd to be rather a usual development 1 congenital stenoss
of the pulmonary onifice (Austrian 1933) In this regard 1t 15 of 1nterest that
1ust the opposite cond: evist 1 the put Y on with these two
lesions wn muteat stenosts the pulmonary circulation 1s engorged and pul
monary stenosis 1t 1s depleted

Much more umportant than the possible protective action of mutral stenosis
i the case of phthists 15 m rare cases the deleterious effect of extensive pul
menary tuberculosss on the heart This 1s not the production of the fambiar
so-called drop or vertical (or atrophted ) heart which is someumes seen 1n
the more stender victims of tuberculosts with low daphragm and general atome
ste such a drop  heart s of Iittle or no importance v wtself Rather 55 1t
the stran og the nght ventnicle from 4 pressure produced
n the pu} y 1 ¥ caused by ext
of pulmonary tissue fibrosss and plevzal adhesions Thus steam may eventually
m 2 few cases produce some nght ventricular enlargernent tarely 1o a con
siderable degree and not marked enough 10 cause definite wcrease beyond the
notmal in the percussion or roentgen ray size of the neart 3o that the <hange
may easily escape notice In a very few cases actual failure of the nght ven
tricle may occur but this is much rarer than in the case of chromic pul
monary fibrosis and emphysema of other cavse which wiil be discussed 1n
Chapter 20 Dunng hfe there may be 2 great vanety of size and shape of
the heart shadow m the presence of active pulmonary tubercylosis {Porter
20d Gordon 1937)

Fmany 1 1s to be recogrized that 1n patients with active tubereulosts
the lungs or elsewhere there 15 commonly as 1n the case of other mnfections
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a certam degree of neurocirenlatory asthenta with dyspnea palpitation and
heartache which may on hasty analysis be wrongly ascribed to heart disease
or to a toxic effect of tuberculosss of the heart

The course prognosis and treatment of tuberculosis of the heart and pent
cardium resolve themselves primanly nto those of the underlying tuberculosis
be 1t mibary pulmonarv or of the nature of polyserositis The prognosts 1
always grave though some cases recover this number has increased som.
what stnce the mtroduction of streptomycin A perrcardial effusion may need
to be tapped and cases of chrome constrictive perrcarditis may require susgicz!

relief by percardial Active tul losts of pericard and heart
must be treated by rest and good nursing care and a trial of streptomycin Just
as in the case of active pull y tut 1 but the p 15 always
serious

EPIDEMIC CEREBROSPINAL MENINGITIS

Mentngococcus mnfection may 1n rare cases mvolve the heart and cause an
acute bacternal endocardiis or penicarditis as noted in Chapter 15 but such
cardiac mvolvement 1s now largely preventable or amenable to recovery by
the use of chemotherapy Meningococcic myocarditis has also been reported
{Saphir 1936)

GONORRHEAL INFECTION

Acute or chronic gonorrhea may n rare cases infect the heart espectally
following gonorrheal arthmtis or a virulent illness of other nature due to the
same organism The involvement occurs in the form either of acute of of

b bacterral endocarditis and 1s no longer as 1t once was fatal the
newer chemotherapy being a specific remedy 1n most cases

OTHER BACTERIAL DISEASES INCLUDING SEPTIC INFECTIONS

Erysipelas septic infections and pyerma due to streptococcus or staphylo-
coccus used to be occasional causes of zcute bactertal endocarditis sepic
(purulent) pencarditis and myocardial abscesses Gencrally these were but
terminal mamifestations and were not responstble for death but sometimes
they constituted the chief or most important part of the disease Treatment
used to be of little avail when the heart rtself was diseased but both preyen
tion and recovery of cardiac and penrcardial complications now may follow
the usc of the antibrotics (especially pemicillin) and of the sulfonamde drups
arded by pencardiotomy and dramnage in the case of purulent pericarditis

RICKRETTSIAL DISCASES

Typhus fever Myocardial lesions and vascular discase (endarterstis) mﬂ)s'
result from exanthemate typhus fortunately now rare mn civtlized counlﬂ;
at peace they are as a sule of Little or no sigificance Transient T wave 2
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1 "

n the 2! are dunng the acute mfection
{Norvut 1947) Complete arterial obstruction and gangrene mav however
complicate a few cases The touaty and vasomotor parafysis resulting from
this mfection may Jall but mvolvement of the heart 1s probably not respon
sible for death Endocarditis and pericarditis do not occur except from a
secondary wnfection

Another smportant rickettstal disease which has been found even more
constantly to be assoctated with myocardial involvement namely fsutsuga~
muscht fever or scrub yphus was studied durmg World War 11 A Jarge

of el drog) of cases of scrub typhus has shown ab

normalities chiefly 1n the T 1 aves with gecovery 10 most cases

Rochy Mountain spotted fever also falls mto the group of rickettstal dis
eases and may affect the myocardium during the acute illoess

0

VIRUS DISEASES

An mteresting and mportant advance s our knowledge of the effect of
mfections on the heart has taken place during reeent years i the field of the
virus diseases In most wstances the victtms of such infections escape any
Serious cardiag mjury but mn a cestam number of instances rare as a rule the
myocardium may be seriously affected Virus pertcarditis has also of late been
dentified

Influen.a had Jong been suspected and by some so scnminated but only
in the Jast few years has actua) proof been presented (Finland et al 1945)
Ttss quite possible that lesser lesions of the feart muscle have often resulted
from 1nfluenza but senous or fatal myocarditis 1s rare Most of the symptoms

h

which years ago were attrrbuted to such a cond were 1stically
those of a fatigued state or neurocirculatory asthenta which so often com
plicates the 1 e from any inf (se Chapter 22)

Mumps has been shown to produce temporary atnioventricular block n
fare cases clearing with convalescence (Rosenberg 1945)

German measles (rubella) has been shown to have m many 1astances a
Senious effect on the eyes and heart of a fetus if 1t attacks the mother during the
first three months of pregnancy {Gregg 1941 Swan 1943)

" P

Yellow fever may give nise to nonsp m i and de
EBeneration in fatal cases (Cannell 1928)
Poliomy elitis Recently m; dial changes ch: 1zed by

mfiltration of Iymphocytes and neutrophiles have been reported 1n 6 out of 7
€ases with pohiomyelttts wha dred suddenly duning the acute ar convalescent
Stages (Saphir and Wile 1942) and several other observers have confirmed
these findings since (Gefter etal 1947 Ludden and Edwards 1948)

Infectious hepatitts and infecnous mononucleosis hase also beer found to
C.‘u;;c 1 some cases myocardial mvolement as mdicated electrocardiograph
1cally

Stlt other viruses necd further appratsal m thrs respect
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TRICHINIASIS

It was long known that trichiniasis may mvolve the myocardium as well as
other muscles m the body but the possible frequency with which he tnchiae
imade the heart 1 well nfested cases was not pointed out until 1935 {Spink
1935) A senous effect directly from ths heart mvolvement itself has not been
found but ch 1 the electrocard (1. or myersion of the
waves low voltage of RS waves and mtrasentnicuiar block ) m some cases (6
of 18 patients with myocardeal trichtmasis 1n Spink s series) may justifiably
be attributed 1o the presence of the parasites 1 the heart muscle In another
series of 44 cases of trichimasts of mild type however only 2 showed possible
chimieal evidence of myocardral mivolvement (Beecher and Amudon 1938)
There 1s no specific therapy

TRYPANOSOMIASIS

A cause of heart disease 1n South America (especiallv in Branl) rare o
noneustent elsewhere namely cardiac trypanosomunsis has been frequenth
reported 1 recent years following its discovery 1 human bemgs by Chasas
in 1909 This consists of the invaston of the myocardium 1n childhood b
trypanosomes (Figure 91 ilustration below) with foct of inflammaien
reaction which later lead to cardiac weakness and failure and arrhythmuas i

e S T ToRE
S A

disease)

ric 91 showing dial 0T (Chagas 3

Note Tevpanocoma eruzt near the center of the field (hindness of Drs ¢ Chagas 27
R Menczes Brazil and Frank Wilson Ann Arbor Mihigan)
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mddle ife Sudden death may result The pencardum endocardium  and
vabves aze not 1avolved but the myecardium 1s said to be more often myvolved
than in any other disease In the chromc cases multiple areas of fibrosts may
be found scattered through the heart muscle Thousands of cases of this
remarkable type of heart disease have been seen i Brazil but it has not yet
been caconntered m the United States or Europe

ECHINOCOCCUS DISEASE

Infection with the echmococcus may mvolve the heart and a number of
cases of hydatid cysts @ or attached to the walls of atoa and of ventricles or
nferventrcular septum have been reported It 15 vsually bat a part of
general echmacoceus disease 1 have encountered such cases m Greeee (1948}

ACTINOMYCOSIS

Actinomycosts of heart and perscarcium s a very are infection Thirty years
g0 the case of a man 34 years old was reported with mutal leston 1n the
esophagus and secondary mvasion of the heart pericardium Jung and pleura
i was noted that tnenty two other cases had been described previously
(Letulle and Hufnagel 1919)

INTESTINAL PARASITES

Most of the parasites that mvade the intestinal tract of man do not affect
the Beart these wiclude the roundworm (ascarss) the piworm (oxyuss)
2nd the ordmary tapeworms (taenia saginata and tacma solmm) but the hook
worm (ankylostoma) and less commonly the fish tapeworm (dibothso
cephalus latus) may by therr productien of severe anemia cause an mmportant
degree of cardiac dilatation and lond wwemurs (see Chapter 23)

OTHER INFECTIONS AND INFESTATIONS

A fow other diseases may savolve the heart for example Brucella mels
fensis (Malta fever) & f of the m; dium filanasts
(with 012 found m the heart) cardiac heterophydiasis (10
festation wap flukes from raw fish) and cysucercosis of the myocardum (and
brain) Iy the sixteenth century there were frequent reports of worms m the
chambers of the human heart before the days when 1t was recognized that
these 3upposed worms were actually clongated blood clots both amie mortem
and post morten st1s however true that the dog s heart WAy contamn worms
(Dirofilara imminis see Query JAM A 1924 CHY 1728) which miro-
duced by msect bite go through a cycle of development ang then mugrate in
2dult bfe along the veums ita the right heast chambers where by their accumy
latiog gny masse the mdividual thread like filana attaiming the length of one o0
1R feet, may actually block the 1 and cause pulmonary emba

Rheumatond arthnns po nodosa and cond ke Tupus erythe-
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matosus allied to these are quite frequently attended by heart disease but it 1s
sull difficult or impossible 1n view of our ignorance 1s to their etiology to
label them as mfections or even reactions to infections or toxc states (see
Chapter 23)

FOCAL INFECTIONS

Focal mfections may have a deleterious effect on the heart either durectly
or indirectly Actual cardiac disease of the nature of bacterial endocardutis 1s
known to follow an acute focal infection like that of tonsil of muddie ear or
of shin But this happens only rarely except 1n the case of dental nfections
and extractions which almost certainly are a very important source of entry
of the Streptococcus virdans into the body to inaugurate the grave infection
of subacute bacterial endocarditis 1 cases of rheumatic or congental heart
disease {see Chapter 15) 1t behooves us m such cases to use the greatest
vigilance 1n avording strain from too much operative work at any one tme
and 1 combating the sertous results of dental and other focal infections by
the use of the antibiotics (in particular | Iin) and of the d
drugs and otherwise

How frequently shght myocardial damage or @ mild endocardral feston with
recovery may occur with such focal mnfections we do not Anow but there
exists no proof that this 1s even an occastonal happening We do know that
heart disease already existing 1> sometimes aggravated by the presence of focal
mfections with the appearance of arrhythmia or of symptoms of congesthe
farlure or angma pectonss or with their increase 1f already present Whether
or not there 1s actual heart disease cardiac arrhythmia may be set off or a2
vated by focal infections such arrhythmua s as a rule entirely ummportznt 11
aself g of p beats (extrasystoles) or paroxysms of fachy
cardia but sometimes 1t may compnse atrial fibnllation or flutter or prolong&d
paroxysmal tachycardia Among the focal infections which may precipitate
or aggravate cardiac arrhythmia congestive fmlure or angina pectorss 37
chronic cholecystitis prostattis pyelitts coliis nfectron of gums aprcal tooth
abscesses frontal sinusitis lung abscesses and other similar troubles

Correction of these focal infections by surgery or by other measures (f the
circulatory conditton permuts) may relicve the pattent of his temporary St
of 11l health or at Ieast cause improvement the nisk of such corrective Pro”
cedures 1s usually Justificd provided too much 1s not attempted at one 1me
(the removal of more than one of two infected teeth at one sitting for examphy
may result i vasomotor shock or may itself precipitate heart falure 20
death) The wisest course then 1s to view focal mfections so far 25 the heart
15 concerncd netther with overmuch fear nor with excessive disregard to CO"h
sider them as possible important factors producing a state of 1l health W};‘Ct
may cause stramn on the heart and to cradicate them if possible and feast .
However 1t 1s a mustake to perform an operation of choice and not of nccc;'ﬂ );I
for example to remove a symptomless gallstone (or to correct surgrealy
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simple mgumnal hermia) m the face of severe angina pectoris or of congestive
farture

INFECTIONS NOT CAUSING HEART DISEASE

Many nfections never cause heart disease although they may precipitate
such trouble as failure or atrial fibrillation m hearts already diseased or they
may be ded by P which do cause heart disease
This 1s particularly true of most of the contagious diseases of childhood
whooping cough (pertussss) chickenpox (varcella) and measles (rubeola}
The acute respiratory tract infections—thimtis sinusitis pharyngitis laryn-
giss Y and hitis—do not of themselves cause heart disease, but
like tonsiltitis they may Iy precip the rt which
does almost always damage the heart The same statement is true of otitis
media but infections of the gastromtestinal and gemstoursmary tracts very rarely
precipitate any heart trouble
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CHAPTER I8

THE HEART IN THYROID DISEASE AND
IN DISEASES OF OTHER GLANDS
OF INTERNAL SECRETION

Although this chapter requires Jess revision since the last edition than most
of the rest of the book 1t 1s like several other chapters decreasing 1 smpor
fance and quite Ikely can be elmmnated altogether eventually or at Jeast
demoted 1o a small section 1a the chapter on muscellaneous etiologie relation
ships This »s of vourse due to the constantly earker recogmuion and more
adequate treatment of endocrine diseases before the heart and blood vessels
are importantly affected

Endocninopathy has very hitle sertons effect on the heart Even that dis
order which has much more nfluence than any other namely thyrotoucosis
Tow accounts for but a small fraction of 1 per cent of cascs of heast disease
n any enfightened community However there are many interesting and
important cardiovascular and crculatory relationships and effects of the
endocnne hormones normally and abnormaily For example the glands of
tternal secretton especially the adrenal the postenor pitwitary and the
thyroid have an important nfluence on the distnbution of water throughout
the body partly by a direct effect on the kidney and cell permeability 1n general
and partly by an effect on electrolyies and metabolssm of carbohydrates pro-
e and fat The adrenal and posstbly the posterior prtuttary play an important
ok 11 the renal control of sodizm and upon its internal distribution Transfers
of sodwim and pot across cell b are i} d by the hor
mones And now the hormones are being studied as to thetr strking tnfluence
on the course of certarn drseases such as rheumatoid arthrites and rheumatic
fever A grea deal of study remains to be done on these relationships but
they are Opemng up an 1mportant field which may as a matter of fact result
eventually 1n a considerable revision of a book such as this Further dicussions
of hormonal nfluences will be found elsewhere in the book for example fater
' the present chapter m the discusston of adrenat diseases and in the chapters
on rheumatic fever and congestrve failure
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DISEASES OF THE THYROID GLAND

Diseases of the thyroid gland which materially affect the heart are only
that which produces an excessive or toxic secretion (exophthalmic goiter or
Graves disease) resulting 1 thyrotoxicosis, and that which 15 attended by
a markedly d d secretion (myxed: and cretimsm)

Simple enlargement of the thyroid gland (collord or stmple or endemic
goiter) causes no trouble with the heart or circulation unless the gland becomes
50 large that pressure on vems and arteries results tn embarrassment to the
entrance of blood mto and 1ts exit from the heart or compression of trachea
and bronchi interferes with respiration (Rose 1878 hocher 1902) Adenom
atous gouter (struma nodosa) 1s much more Iikely to cause these disturbances
than 1s simple colloid gotter In some parts of the world for example m the
north central ( middie west ) and northwestern regions of the United States
bordering on the Great Lakes and westward to the Pacific Ocean and
Switzerland colloid or simple goiter with its occasional slight secondary
cireulatory embarrassment 1s common 1n other parts of the world for ex
ample 1n New England and i other lands bordering the sea where 1odine 15
plenuful such goiter 1s rare

Excessive secretion 1s not produced by a colloid goiter but if later 1n Ife
the simple colloid goster b ad thyri may be super
1mposed

THE HEART IN THYROTOXICOSIS

Thyrotoxicosis also called hy perthyrordism may result from gencral hypet
plasia or from adenomatous goiter The term thyrotoxicosts will be used
throughout the book 1 the place of hyperthyrotdism smee 1t mdicates 2 104°
degree of hyperthyrordism and includes abnormal thyrord secretion if such
exists as well as excesstve secretion

Persistent overactivity of the thyroid gland commonly gives fisc to an i@
portant but preventable type of heart trouble which has become fambiatly
known as the thyroid heart  but which mught better be called the thyrotoxt®
heart  or the heart in thyrotoxicosss  For the most part the heart 15 well
as the cireulation 1n general 1n thy; 15 simply p lly over
active pathologic changes that 1s real heart disease it thyrotoxicosis 18
relatively rare The true thyrocardiac may be said to be the ndrtdual wh;
as a result of thyrotouicosis has atral fibrillation and eventually if “,
properly treated cardiac enfargement and congestive heart fallure as 3 ule
the evolution of a thyrocardrac 1s 1n just that order v

Frequency Thyrotoxic heart disease vanes 10 frequency both absolu;;:
and relatnvely an different parts of the world not only according 10 1he "
quency of thyrotoxicosis 1 such parts but also according to the mpld% o
dragriosis and proper treatment of the thyrotoxicosis In New England o
25 years ago thyrotoxicosts was found to be a causative factor in 3 per ¢©!
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2314 cases of orgame heart disease (White and Jones 1928) 1 Virguua 1t
was reported 1n 3% per cent of 300 cardiac patients (Wood Jones and kam
brou,h 1926) while 1n Oregon 1t was found 1n 11 per cent of 1 344 cardac
cases (Coffen 1928) 1n Orejon there is much more endemsc (collowd) gorter
than 1n New England and Vizgmia out of all proportion to the amount of
th that 15 the end gouter ts relatnely much morw frequent
than the thyrotoxicosss That thyrotoxic heart disease 15 preventable and 1s
already decreasing in communities where early diagnosis and adequate treat
ment of the thyrotoxicosss itself are carrsed out 1s sndicated by the fact that
among the first 2 500 patients whom I examined m consulung practice from
1920 to 1927 because of cardiac symptoms or signs there were 24 cases of
heart disease due to thyrotoxicosts while amtong the next 2 500 pattents seen
from 1927 to 1933 there were only 10 such cases mn tne third lot of 2 500
poivate patients seen from 1933 to 1940 there were 4 cases and m the fourth
such series examined from 1940 to 1946 there vere but 3 thyrotoxicosts
not responstble for heart disease was occastonally found throughout the entite
penod
Etiology Cause The fundamental cause of this type of heart ducase 1s an
abnormal activity of the thyroid gland with excessive {or disturbed) secretton
The mech by which produces heart disease 15 probably
dependent on three factors which may be summarized briefly as follows Furst
the moreased general body metabolsm which results from abnormal thyrord
actvity wcreases the demand on the heart and arculation It has been esh
mat d that the blood flow at rest 1s at least 50 per cent above the normal 1 a
<ase of thyrotowcosts of average ntensity and that with exercise this dispro-
portion 1s still greater The sncreased blood flow 15 due not only to the -
¢reased pulse rate but also to an 1ncrease ot volume ontput per beat from the
heart ajthough this increase of volume output per beat 1s Jess than in a normal
heart responding to exercise with the same degree of tachycardia as that found
m thyrotoxicosss The systolic blood pressure 1S somewhat elevated and the
diastohc pressure often lowered so that the pulse pressuse 1s frequently much
mereased This 1 d blood flow 1s d by a constant
y of the {: Such persistent tends to increase
some vhat the stze of the heart both 1n muscle (thas producing a simple work
hypertrophy) and m capacity (dilatation) but cardiac enlargement is very
nconstant and not the rule 10 the majonty of cases Eventually 1 some very
Severe prolonged cases and 1nt those complicated by valvatar heart drsease
bypertenston or coronary disease the persistent overactivity can cause exces
$ive stramn arrhythma and falure A possible parallelism has been seen m
&xpenimental ansmals which show derable cardue after
excessive exercrse mamntained dunng muvh of the tme for weeks or months
A second and more mmportant constderanion howesver s that practically
alt thyrotoxtc heart disease starts with a persistent ateial fibritlation the tachy
cardia and arrhythmea of atnal fibnliation 2dd to the stram of the thyrotoxs-
<osis and tend after some years to produce cardiac enlargement which mught
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not have occurred from atnial fibrillation m the case of a normal heart to stat
with without thyrotoxicosis particularly if the ventricular rate were adequately
controlled by digitalis (an impossibility 1n the p of derable thyro-
toxicosts) A third factor that helps to explain the heart disease 1n thyrotout
cosis 15 that the heart atself 15 the seat of specific thyrord stmulatton with Jocal
mcreased mefaboltsm as 1n the case of other tissues in the body this mcreased
wear and tear of the cells of the myocardium favonng 1n 1ts turn enlargement
and fatjure A fousth possible factor 14 that of a hind of arteriovenous shunt of
aneurysm with blood rushing through the widely dilated vessels of the thyrod
gland affording an appreciable extra burden for the heart and favoring enlarge
ment as mn the case of a traumatie arteriovenous aneurysm arywhere (Boas
1923)

An actual myocardial leston consssting of degenerative changes at one tmeé
suggested as an important finding, has been 1n more recent years drscounted
and shown to be but an tnconstant 1nctdental occurrence (McEachern and
Rake 1931 Weller and associates 1932)

A distinction so far as the heart 1s concerned between general glandufar
hyperplasia and the so called adenomatous goiter with hyperfunction (f0U¢
adenomata) cannot be made as a rule the latter 1s found n older patients 11
whom other causes of heart strain (such as hypertension and coronary discase)
are also more hkely

The frequency of defintte cardiac abnormahty (not stmply tachycardia and
cardiac symptoms) 1n patients with thyrotoxicoss has been reported varously
from a high estimate of enlargement of the heart i 50 to 60 per cent of fata!
cases (McEachern and Rake 1931 Kepler and Barnes 1932} to a low est
mate of only a few per cent in unselected groups atrial fibrillation 1 apout
15 per cent and cardiac insufliciency 10 5 to 10 per cent These abnormalities
of the heart are much more common when there are complicating factors ke
hypertension

Age The age at which thyrotoxicosis 1s found vares widely, from 3 yea
up to 76 but the commonest age of onset 1s from 20 to 40 years In 2 series
of 500 cases of thyrotoxicosis analyzed by Means and Richardson (1929} the
age adence of onset by decades was as follows first decade 3 cases secont
60 third 165 fourth 147 fifth 93 sixth 29 and seventh 3 The average 37°
was 37 years in another series of 500 cases of thyrotoxicosis (Hurxthz!
1928) The age incidence of thyrotosic heart symptoms parallels this more
or Jess closely in a series of 68 cases 56 per cent were between 30 and §
years old (Whtte and Jones 1928) In a senes of 108 cases of thyru!mlcm\s
with atnial fibrillation the average age was 51 5 years (Barher Bohmng an
Wilson 1932) these represent the more advanced cases on the way to senous
thyrotoxic heart disease

Sex In thyrotoxicosts stself the female sex predomunat
1atio 15 about 5 to 1 In Means and Rivhardson s senies
of thyrotosicosis there were 417 females and 83 males But

more severely affucted and so show a relatively higher percentage of

es over the mate
(1929) of 500 ¢ast
the males 25
cacdia®
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mvolvement (by about 2 to 1) 1n a series of 34 cases of my own of thyrotoxic
heart disease there were 24 women and 10 men

Other etrologic jactors Race has Iittle to do with thyrotox. heart disease
but mn days gone by socal and economic status did play a role 1n that made
quate financral resources did at tmes prevent early diagnosis and surgical
correction of the thyrotoxicosts and so favored the establishment of heart
disease In thyrotoxicosts itself heredity plays a part how important we do
notknow

In the mcrdence of stmple nontoxic goiter and perhaps secondanly 1a that
of toxic goiter there 15 a role played by geographic factors involving rodine
content of foods and water Heart trouble due to thyrotoxicosts 1S more com
won in regions where there 1s much sumple gotter but this is not due to the
goster atself The change of the stmple gorter later n Lfe to adenomata which
can become toxic may account for ths finding

Finally the education and wtelligence of both the lay and medical popula
tiog determme the rapidity with which the thyrotoxicosis 1s detected and
corrected~~a factor of very great importance m the prevention of heart disease

Palbologg There are no constant cardiovascular lestons m thyrotoxicosts
Erlargement of the heart wath hypertrophy of the fibers 1s present 1 many
cases espewally m those with long-established atrial fibnllation but 1t 15 some
tmes difficult to exclude the factors of hypertenstve and coronacy heart disease
1 these cases In a few cases necrosis of the myocardium has been found bat
his finding has not been confirmed as a thyroid effect The heart weight 1s
Senerally somewhat increased to 400 or 500 gm 1n sertous cases the average
ve cht of the hearts of 13 fatal cases was 438 gm the two heaviest hearts
Weigung 530 gm each (Barker Bohmng and Wilson 1932) With the onset
of fatlure dilatation of the cavities and atrioventnicular valve rings accurs but
endocarditis and pertcardiuis are not found as a prumary result of thyrod
ot wty

Symp'oms There are no charactenistic symptoms of thyrotouc heart dis
€ase The early card a p of th nself are due to the
tachyeardia and effort syndrome they are «Inefly palpitation and dyspnea and
’-'ncommonly heartache If atnal fibnlfation or farlure supervenes these symp-
toms increase Palpitation 1s of two types (1) the forceful beating with normal
heart thythim which may be extremely unpleasant and (2} that due to parox
3smal chanees i rhythm Periods of rapid palpitation are common n thyro-
tovicosis whether or not the heart 1s diseased they last a few munutes to a few
hours apd are duc to paroxysms of sinoatrial or ectopic atnal tachycardia or
of atriat fibrllation or flutter Angina pectons rarely accompames thyrotoxi-
Cosis and thent only m older persons m whom the stage 1s already set by the
Presence of coronary disease which 1s not sufficient 1n stself to give nise to the
Paroxysmal pan The angwna pectonts like the arrhvthmia and congestive
farlure may be reheved by thyroid when the bolic rate 1s reduced
lhmb)

Signs Increased heart action both in rate and for ¢ 1s the most common
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cardiovascular sign in thyrotoxicosis and this activity 1s manifest on inspectzon
palpation and 1 over the p d; on msp and palpation
of the arterial pulse in neck and arms and on fluoroscopic examination En
largement of the heart congesttve fmilure and arrhythmra when they occur
show themselves mn the usual way In the early stage of the disease the heart
may at first appear to be enlarged on hasty mspectton and pafpation because
of the forceful beating agaimst the chest wall when really 1t 1s of normal size
Cardrac hypertrophy has however been found at autopsy m the majorty of
fatal cases (Friedberg and Sohval 1937) A harsh unusually superfical
systolic murmur 1s sometimes heard 1 thyrotoxicosis in the second and third
intercostal spaces just to the left of the sternum its ongim 1s not clear but it
1s probably a physiclogic pulmonary murmur dependent on the increased
pulmonary cireulation with dilatation of the pulmonary artery retnforeed by
the forceful heart action and thin chest wall This pulmonarv systoltc murmet
has mn rare cases been attended by a shght thnll Also at tmes a to and {10
friction rub has been noted in the region of the pulmonary conus (Goodal
1920 Lerman and Means 1932) and m very rare cases a functional aorti¢
regurgitant murmur has also been described (Parade 1935)

Exophthalmos and thyroid gland eplargement the most common sigas of
thyrotoxicosis may be but hittle evident i some cases and the heart action
may first suggest the correct diagnosis A staring or worried look 1s sometimes
present 1n the absence of frank exophthalmos hd lag may be present also
with Dttle exophthalmos Bulging of the eyes umlateral or bilateral ma)
actually be precipitated or aggravated by thyrodectomy

In almost 80 per cent of cases of thyrotoxicosts the heart thythm 1s normal
and the pulse rate 1s fast averaging 100 to 120 per minute at rest Rare ¢aseS
have a normal or only slightly elevated pulse rate In the remammg 20 pef
cent the heart rhythm is disturbed  the disturbance consisting almost mvanably
of atrial fibrillatton (noted m 207 of Emstenc s 1 000 cases 1938) of permd
nent nature 1n two thirds of the cases and of paroxysmal type m on¢ third
In addttion there are relatvely infrequent cases with atnal flugter and atnal
paroxysmal tachycardia

Atnal fibriMatton 1s commonest 1n the cases with congestive farture 00Cuf
Ting in the majonity of these 1n one serses of 111 cases of thyrotoxicosis with
congestive heart fatlure atnial fibrillation was present 1 83 per cent (Hurxtha!
personal communication 1930) Of 232 cases of atral fibnllation due to
thyrotoxicosts Hurxthal found that 38 per cent had also congestive failure
Thus atnal fibn!lation may be considered to be but a stepping stone to conges
tive failure an argument against such an actual ennty as thyroid m)““’d”l
discase since atnal fibllaton often occurs without evidence of diseas ";
the heart muscle In Ernstenes senies of 1 000 cases of hypcrthyro:dnsm 4
(4 4 per cent) had congestive heart faslure the two most important {udr;’f;

ble for this pt were organic heart disease and uncontroll®

P
atnal fibnillation .
The systolic blood pressure 1s usually somewhat clevated 1 thyrotoucos!
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averagmg 140 to 150 mm TMEICUTy 1 One quarter to one third of the cases 1t
ex ceds 150 The diastohe Pressure ss usually at a shghtly decreased level
aeraging 60 to 70 mm Thus the pulse pressure 1s generally mcreased and
the actenal pulse 15 full

The roentgen ray study of the heart thyrotoxicosis shows often consider
ble of the pul Y artery (probably secondary 1o the marked

creased cardiac action 1n a young person especially but the considerable
cardac entargement and the aortic diastohe murmur make the differentiation
¢asy the water hammer pulse 55 not so good a differentiating sign for i
oceasional cases of thyrc with much ph there
5 2 well marked Corugan pulse If cardiac enlargement 1s present 1t 15 best
made out by roentgenologic study Azrhythmias may be seen fluotascopically
but are not 5o well d d as by el Phy Unusual clearness
of the Tung fields has been noted as accurrng m thyrotoxcosts Pprobably largely
because of the thin chest walls of most of the patients

The electrocardiogram shows o speafic effect of thyrotaxicoss The tachy-
Cardia and arthythmia that may be present are readily seen but the mdrvidual
Complexes are otherwise normat It was thought years ago that the 7 wave
Tught be found unusually high because tn hy pothyroidism the 7 wave 15 alwnays
Tow but thys hag proved not to be the case i fact i Tiany cases the T waves
are low and 1 rare cases may actually be mverted 1n Lead 2 {Graybiel and
Whie 1935) doubtless a sympathetic mervous effect 1t has been shown that
S¥mpathetic sumutation contrary to early tdeas lowers or mverts the T waves
;‘gllc vagus sumulation raises them (Hartwell Burrett Graybiel and Whate

42)

The basat metabolic rate during the active stage of thyrototicosss 15 alnays
high though 1t vanes considerably with the indvidual case bemg stndied A
Tate of 50 to 75 per cent above normal 15 not infrequent 25 to 30 per cent
above normal s dered 1o be on the bord, and d ds close scrutiny
for spng of thyrotoxicosss It must be remembered that carefy} technic and
dvoudance of eIcUement are essentinf before Judgment can be passed con-
Bidentiv op 5 borderline case or even on one that shows z distinctly high rae

150 1t 15 1mportant that rep basal boke rate det 1005 should
allshoy hygh readings in confirmation of the diagnosts of thyrotovicosss one
o1 twg readings 1 doubtful cases are wnadequate Congestive heart fasfure
alone may definely raise the basal metabolic rate to about .30 per cent
32pacently as the resuls of mncreased work accastoned by the Jabored breathing

inerease 35 enusial The pulse rate pulse pressure and blood flow are gff
Usually increased Pproportionally to the rise of the basaf metabolic rate Al
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though operative relief or spontaneous remsston of active thyrotoxcosis may
occastonally leave behind some cardrac mvolvement especially atnal fibn!
lation symptoms and signs usually subside along with the metabolc rate
It should be added that very rare cases of thyrotoxicosts may have basil
metabolic rates withun the normal range (0 to +10 per cent for exampk)
such patents probably represent the small group of indwiduals who normally
show low rates (—20 to —30 per cent) without myxedema Thus all evidence
1s niceessary bestdes the basal metabolic rate n difficult diagnostic cases

Two more spectfic tests for thyrotoxicosts than the basal metabolc rite
have been introduced in the past few years they consist of (1) the measure
ment of the protein bound todine 1n the blood which should normally not
exceed 75 to 80 gamma per cent and (2) the calculation of radwactve
1odine (I 131) uptake by the thyroid gland which should normally not exceed
50 per cent but which 1n thyrotoxicosts 1s much increased This latter fest s
much more accurate than either the former or the basal metabolic rat¢
determination

One of the most important of all dragnostic clues 1s the rapid and favorable
response of true thyrotoxicoss to 10dine therapy

Course nd prognosts The course and prognos:s of thyrotovc heart disease
are extremely vanable and depend on the seventy and duration of the thyro
towicosis The abnormal condition of the heart may be scarcely noticeable and
with the cleaning up of the cause of trouble occasion no further symptoms
and few or no signs With very severe thyrotoucosts that has lasted for a long
tme heart disease may be evident by the presence of enlargement atral
fibrillation and congestive failure but there are infrequent excepttons when
the heart may appear to be perfectly normal even after a good many years
The usual case of average toxicity shows m the course of years heart changes
that are more than functional 1f there 15 no operative relef ot sponfancous
remussion death from heart failure may ensue 1 such cascs after 2 few more
years Of a senes of 178 fatal cases of thyrotoxicosts 27 showed severe €oB
gestrve failure m 9 of which no other factor could be found than the thyro
toxicosis alone (hepler and Bames 1932) Other complications such as picv
mona may intervene to end the story Now and agam i wasted and prgmente
aged mndividuals chromic heart disease can be traced back to a former th)ff‘
toxuc state but 1s very Iikely to be wrongly interpreted as .lrlcno<clcroucﬁ
1f the thyrotoxicosts 1s still active 1n these cases operation or other sP"“’
therapy should be carned out and may be expected to afford considerable
reltef
It 15 to be noted that thyrotoxicosis tends to recur after subtotal th)“""d’:c
tomy 1n about 10 per cent of the cases (Greene and Hurxthal 1941) 7'5“6
the return of atnal fibrillation or other signs or symptoms dunog the &4
following operation should make one think of this possibility

1 5015
The ¢ cardiac Is of thyrotoxicost
bance alon

atrral fibnllation which may occur at first as a functional distur]
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with Iittle or no actual heart disease In the late stages of thyrotoxic heast
disease congestive farlure may supervene It 1s of much interest that in thyro
10%I0081S as 1n benbers the cardiac output may continue to be mereased well
above the normat despite the presence of considerable congestive heart fadure
with elevated systermc venaus pressure

Chsome rheumatie valvalar disease 1s 2n occastonal <omplication of thyro
foxe0s1s and atrag fibrllation may lead to a diagnosis of one or the other
conditon when both are present Coronary heart dssease may be another com
pheation in the older cases and the combisation may produce angina pectorts
Hypertension of Igh grade may also oceur (in about 10 per cent of the cases)
the systohe blood pressure m thyrotoxicosis tself rasely exceeds 160 mm
mercury

Treatment The treatment of the heart d ltmg from 1
€518 35 fourfold (1) therapy of the thyrotoxscosis (2) therapy of heart fail
Btz (3) therapy of atrra fibnilatton and (4) observation for recurrence of
2bnormaf thyroid actrvty

The first of these therapentsc procedures namely the treatment of the thyro-
10%coss comey foremost 1q the consideration of almost eVery case because
70 only does thys therapy control the cause of trouble but st actually may
releve without further therapy exther or both of the Serious compheations
ongestive farture and absolute arrhythmia

After carefy tnat of other methods of treatment of active thyrotoxicoss
(either ordmary hth goster or ad: gouer) a good many
authories (e g Means et at personal commumcation 1951) sqll beheve
that the besy therapy in the present state of our knowledge 15 subtoral thyroid
celomy Rest m bed and Tocatgen mradiatson though they have been apparently
eflectine in some mild cases ase far less dependable 1 the long run and any
d8lay of proper treatment may do harm

A useful measure in the preparation of patients for operation has been the
admzmstranon of 1odine for one 10 two weeks for exampie potassium rodide
Sgros &m) once datly m saturated solution the § THNMS OF grams contan
10 330 mg of 1odine or Lugol s solution 10 mmas (0 60 cc) contatmng
60 mg of todine three 1mes a day for ten days Jodine promotes the storage
O thyrogiobutin 3y the follicles and places o barier i the way of escape of

Ommone frony the gland (Lerman and Salter 1936) bence the high basal
Metabalic rate the fast pulse rate and all the symptorms of thyrotoxicosts are

Mueh sbated and the Patient 1s a better nisk for operation Todine therapy alone
8 Dot sufficieny ta control the thyrotosicosis constantly except in 3 fow muld
€283 It hag also been shown that thiouracil will controt the basal metabole
% prior 1o Opuration i the dosage of 300 mg of propy} thiouracyt daily and
dwided 10 three doses £rven eight hours apart ths 1s continucd unul there
has boen much mmprovement m the patient s condstson at which time 1t 5
RISE 10 pvg § 10 10 drops of saturated solution of potassitm sodude darly for
#en days along wup the thiouracit endwig with the surgical operation The

th
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ouracil and related preparations have 1 some cases been used successfully
m controlling thyrotoxicosis without operation, however tovuc effects espe-
caally on the blood limut 1ts use

Shortly after operation when the occasional stormy reaction has subsided
1t 1 usually discovered that the heart condttion 1s much improved 1f not and
the thyrotoxicosis continues further treatment may be necessarv With carefdl
preparation and the expert anesthesta and surgery that are essentral for the
best results remarkable benefits have been frequently secured even in cases
which were apparently hopeless because of heart failure and which have beee
constdered generally as poor operative risks The relef of the thyrotoucosis
n such cases has proved far more important 1n the relief of the heart trouble
than have remedues Ithe dipitabis and rest in bed directed to aid the heatt
condition alone It 1s to be noted further that 1odmne has far more effect than
digitalis 1n reducing the pulse rate m the tachycardia of thyrotoxicosis per ¢
in fact digitalis 1s almost mvanably mneffective 1n this respect while todine 15
nearly always at first effechive

An mgemous therapeutic technic recently introduced for thyrotovicosis
consists of the use of irradiated odine (I-131) orally adequate control of the
disease has been effected without surgery a destrable achievement 1 cases
where the cardiac status is precarious Incidentally as will be noted 10 the
chapters on  Coronary Heart Disease  (Chapter 21) and on Congestive
Heart Failure (Chapter 30) 1rradiated 10dine (I 131) has been used effec
tvely by Blumgart et al (1948) to control both coronary and myocar&m]

b

y through the prod of 2 medical thyrodectomy
The therapy of the heart farlure due to thyrotoxicosis consists pnmarﬂ)
as noted above n the control of the thyr 1tself by the uon

of 1odine and operation rest digitalis and duretics are additional therapest’®
measures not very effective however, until the high metabolic rate has beent
reduced The tolerance of thyrotouic patients for digitalis 1< usually quie
marhed and the therapeutic dose of this drug must be proportronately 17
creased sometimes as much as 50 to 100 per cent above the ordinary dosate
1n order to obtamn any appreciable effect whether beneficial or o but only
under carcful observation

The third therapeutic conststs of of the atnal fibnllatid
that may complicate thyrotoxicosts There 1s Lttle Ithehhood of control of th
arrhythmia while thyrotoxicosis persists but there 1s a fair chance almost a2
even chance that rehef of the thyrotoxicosis alone will relieve abo the e ¢
fibnllation If 3t does not do so quinidine will restore normal rhythm o abe
half of the remaining postoperative cases 1 whom this arrhythmta pe
while digttalis can be used permanently to control the ventricular rate n .
rest of the cases with persistent atnal ibnilatton The method of admimsten®
digitalis and qmmdine will be discussed 1n Chapters 30 and 33 of this t::‘ns
For paroxysms of atnal fibnllation esther before or after thyroidectomy r:;ﬂ\)
of qumdine sulfate (3 to 6 gr 018 to 036 gm threc or four times
may be tned they arc more hikely to be successful after operation

rststh
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as a cause of cardhac enlargement
fufure and atnal fibntlation must be differentiated particularly from then~
matic heart dhsease and 1 hyp Mo when patsents pre
senting obvious signs of rhesmatic or hypertensive heart disease with con
gestve fulure do not obtam rehef from the usual therapeutic methods
th should be suspected as a possible comp

The early stage of thyrotovicosss before definte cardiac signs bave de-
veloped 15 especially to be d hed from y asthema Fts
differentiation 15 not alw ays a simple matter 1t 35 sometimes tmpossible when
the basal metabohic rate 1s at the normal bordethine and there 18 5o defimte
exophthalmos or thyrosd gland enlargement—most of such cases prove later
not to have any defintte th e diff 1 d Tequires
especial care if one has to deal wath a patent who has both neurocwrcniatory
asthensa and 2 collowd gorter

Rate atypucal cases with overactive thyroid glands are found wathout ex
ophthalmos or geter a shght starmg anxous expression une tplamed loss of
wesght diarrhea pigmentation of the skin and tachycardia may afford clues
When 1n doubt the basal metabohe rate should always be deterruned and
2epeated as often as necessary and especrally the protemn bound wdine 1a the
biood should be determmned {normat =4 0 to 80 gamma per cent) or the
Rdioactive 1odine uptake {normal = 20 to 5O per cent at the end of 48
;‘g”rs) Finally a therapeutic test with rodime may be carned out (Means

37)

Dt 1

HYPOTHYROIDISM MYXEDEMA HEART

The state of underactivity of the thyroid gland consisting typrealiv of
myxedema m adults and of cretiousm 1 children 18 an wfrequent condition
Uself and & stilf rarer cause of appreciable heart disease However 1n almost
“ery case some abnormahty of cardiac function 15 evident 1n the slugmsh
heart action and especially 1n the umform flattemng or winverston of alf the 7
waves of the electrocardiogram (Figure 92A page 454) these abnormahties
8¢ comrected by thyrod therapy (Figare 92B) Enlargement of the x By
heart shadow sometimes at Jeast due to pencardial effusion 15 alse 2 usual
ﬁndmg m severe myxedema 1 some cases 1t is very stnking while mn others
due 10 the wide range of the normal heart size 1t may become evident enly i
the process of taking senal roentgenograms It generally subsides under thyrod
{reatment with astonsshung speed and degree (Figure 93 page 455} Arnteno-
sclerosis hkewsse 15 frequent i myxedema

The term  myxedema heart has been apphied to a condition round m about
three quarters of the cases of myxedema (Zondek 1918 1919 Fahr 1928
1927 1932 Fournter 1942) and this will be desenbed below In many cases
of myxederma however especially the milder ones 1t 1s difficult or 1mpassible
o make out any important abnormalty of the heart caused directly by thus
glandular deficiency The cretin too has no very definite heart disease but

s



454 HEART DISEASE

shows as 1 myxedema, abnormal electrocardiographic T° waves and slugash
cardiac actnon

Etwology Cause It 1s evidently the lack of sufficient thyroid secretion i
myxedema which occasionally causes defimite heart trouble in the form of
enlargentont or weakness or pencardial effusion for the adminstration of
rations of thyroid gland corrects ths trouble In what way the hypothy rordism
causes thts cardrac abnormalty, and what other factors mav favor this effect
we do not know

Myxedema tself 1s usually of unknown ongin but infrequently 1t follows
thyrowdectomy which 1s carmed out to cure thyrotoxicosis Mytedema %as
sntenttonally produced about 18 years ago in a new treatment of intractable
angima pectons and myocardial msufficiency by the surgical operation of total
thyroidectomy (sec Chapters 21 and 30) but this form of treaument wis
Lead
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59 (A) before and (2) after thyroid therapy Basal metabolic rate at time o
—46 per cent and at time of (B) = ~—17 per cent

male 38
f (A) =

found impracticable and given up However there has been recently 3 reﬂ\av‘
of the principle of therapy mvolved 1n the form of a medical lh\rDld‘ﬂm‘m
v irradiated 1odine with prevention of any high degree of h}pothymldn
by the admmstration of small doses of thyrowd v 11

Age The myxedema heart Iike myxedema atself has been found uss? "
muddle age or later but 1t may occur in vouth It s hkely that a comrliwi
such as coronary heart disease coming independently or favored bl) on
myxedema may help to account for the greater frequency of cardic dilata
and weahness among the older vichms of myxedema
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FIG 93 Roentgenograms showing great change m cardrac area (6 cm i the trans
¢ se diameter of the heart shadow) as the result of the successful treatment of myxe
dema by thyroid admunstration Woman 66 years old

(4) Dec 5 1934 basal metabolic rate =—-46];;=; cent

Cardioth,

ratio 1n =350
(B) May 21 1935 basal metabolic rate = ~—1315 per cent
In this record the diaphragm 1s somewhat lower than in the former which exag
Berates shightly the difference in size of the heart shadaw
Cardiothoracie mllo%

(Nindness of Dr J C Gant Madison College Tennessee )
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Sex Sex has no particular relationship to the myxedema heart so far as we
Rnow

Other factors The most important factors controling the merdence of the
myxedema heart 1n any commumity are undoubtedly first the frequency of
my atself 1 that y, and second the ability of the medical
profession to recognize and properly to treat 1t It undoubtedly 1s a preventable
type of heart disease

Pathology An occasional finding 1n myxedema 1s constderable globular en
largement of the x ray beart shadow giving nise to the so-called mysedema
heart The exact cause of such enlargement 1s not always clear and has been
a subject of some controversy probably 1t 1s the result partly of dilatauon
partly perhaps of the ncreased bulk due to the myxedematous state affectin
the heart uissues and certamly sometimes to an excess of flud i the pen
cardium  all three factors may play a role 1n increasing the area of percussion
dullness or the roentgen ray heart shadow Functional regurgitation throuch
the atnioventricular valves may occur with the dilatation but there 1s no endo-
carditis Pericarditis 1s not found despite the occasional discovery of large pent
cardnal effusions the heart itself may show no actual enlargement 1n the mudst
of a large pencardial effuston Prescrule arteriosclerosts espectally mvolving
the coronaries 1s reputed to be a general accompaniment of my xedemna but
convincing evidence of this 1s still lacking

Symptoms There are few symptoms of the beart involvement n myxedem3
the low level of activity in this condttion probably preventing the cardiac dls
taton and weakness from making themselves more evident Dyspnea has beed
noted 1 rare cases of faslure 1 myxed and m a few patents
with myxedema angma pectornis has occurred These symptoms owcurnng at
the height of the endocrinopathy tself are sometimes cleared by thyrod
therapy but nduced or aggi d by the specific treatmet whieh
rases the metabolism and blood flow too raprdly coronary disease 0T other
factors preventing the heart wtself from keeping pace with the demands thus
newly thrown upon 1t

Signs The only cardiovascular signs 1n the case of the myvedema heart 2
the occastonal enlargement evident both on physical exammation and bY
roentgen ray study (Figure 94) the sluggish heart action commonly obsett
1n the same way and the constant finding of absence or imersion of the
wave 1n ail leads of the electrocardiogram (Figure 93) This clectrocarhio
graphic sign 1s almost pathognomonic of myxedema and can be used alon®
with the determnatton of the basal metabohe rate i following the prosfes®
of thyroid therapy There 1s frequently also a d m amplitud ﬂ;\;
voltage) of the other complexes of the electrocardiogram the P and £
waves which resume along with the T waves a morc normal extent of exctr
sion on treatment od

The usual signs and symptoms of myxedema are generally oby1ous—Siow
mental state dryness and thickenung of hair and shin puffiness of subC“‘“d“f’
ous tissue (myxedema) all over the body ncluding the face weakness and k;"‘
Iike of cold The basal metabolic rate 18 generally reduced to 30 pet cent b




THE HEART IN ENDOCRINE DISEASES 457

the average normal or lower borderline cases with measurements of basal
metabole rate of minus 10 to munus 25 per cent are less hkely to have heart
trouble and usually these individuals have not true myxedema to start with

Also 1n myxedema a decrease has been found 1n the cardiac output circula-
tory velocity, peripheral flow, and totat volume of blood

Conrse and prognosts The finding of evidence of sigwficant cardiac
volvement 1n myxedema 1s an tmportant sign for it means that the grade of
myxedema 1s 2 serious one or that other heart trouble such as coronary or
hypertensive 1s present The discovery of cardiac enlargement 15 usually an
medental one 1n the course of routine examynation but 1t should always be
Iooked for and the cardiac response to the treatment of myxedema should be
carefully followned Sudden death with or without angma pectoris may occur a
few months or years after the finding of the myxedema heart Death postponed
by careful thyroud therapy may come eventually from other compheations
without cardiac responsibility 1m fact a full Jength of hfe 15 possible under
careful treatment Congestive falure as a cause of death 1n myxedema per se
Is very rare I myself have never seen a case

Comphications Angma pectonss due o coronary disease 1s the most smpor
fant compl, of the dema heart especially aiter of the
mytedema has begun the elevation of metabohism by thyroid therapy may
induce symptoms of coronary wsuffictency Acute mnfections ltke pneumora
™3y appear as complications with serous p General ar 3!
s cammon but not essentral

Treatment. Digitals has no definute benefical mfluence on the cardrac
enfarpement or electrocardiographic abnormahties of myvedema Thyrod
gland on the other hand has a sterking effect cleanng up these condrtions
™ore or less completely if given m sufficient dosage An amazing decrease m
heart or pencardial size may sometimes be effected mn four cases of Lerman
Clark and Means series (1933) for example the transverse diameter of the
heart shadow by teleroentgenogram decreased m the first case from 19 3 to
124 em 11 s1x months 10 the second from 214 to 157 cn m =% weeks m
the third from 16 S to 11 4 em 1 eight and one half months and in the fourth
f1om 19 4 10 15 5 em 11 five months

Thyrod gland should be fven very cauttously tn the treatment of myx
edema pathicularly when there 15 a history of angma pectorss for aithough
marked general smprovement may ensue and the heart resume practically
nomal size angna pectonts mav be precipitated or increased by the raised
Tevel of metabolic rate and increased blood flow and sudden death may occur
55t when the myxedema wself 1s under control It may be necessary to give
doses of thyroid so small that although the basal metabolic rate 15 not restored
Sompletely to normal angina pectors 1s kept anay or under partial control
some myxedematous signs and symptoms may remamn but lfe s prolonged
Adose of ¥ 1o ¢ gr (0015 to 003 gm) of thyrod (USP ) daily may ac-
omplish thus instead of the usual Iacger doses (1 t0 2 ge} Rarely the thyrod
therapy banishes angma pectons Drgitahs should be grven of there are
addition to the ddatation of the heast sipes and symptoms of congestive falure
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which do not yreld to thyroid therapy alone but morphne 1s contramdicated

Drit deag The myxed heart must be differentiated from
cardtac enlargement and weakness of other cauase, from coronary heart disease
and from nfectious pencardial effuston This 1s usvally readily done by the
absence of cardiac symptoms of chromie valvular disease, and of hypertension
by the typical electrocardiographic findings by th= general signs of myxedema
and by the response to thyroid therapy

DISEASES OF OTHER GLANDS

Parathyrord discase Luttle 1s to be said of the effect of parathyroid diseast

on the heart The decreased calcium content of the blood 1n tetany s as

d with of the d of cardac systole, hy perparathyrosdism

and the admimstration of excessive amounts of parathormone cause by the

ncrease of calcium content of blood an increase of calcwum 1 the tissues

hkewise ncluding the heart muscle We have no proof that these results ate
of any chnical sigmficance

Pituitary disease The only assocration of abnormaitty of the heart with
pitwttary disease 1s the finding of cardwc enlargement (hypertrophy) e
pecially of the left ventncle i acromegaly such enlargement may be great
and out of proportion to the general splanchnomegaly found mn this condimon
Whether 1t 1s the result of the somewhat d basal bohe rate 1
this disease or due to other factors 15 not known In one sertes of 24 paterts
marked heart failure was noted m 18 (75 per cent) six of this group died
from that cause (Mason, 1936 1938) In ggantism the heart 1s fot affected
but bears a normal relattonship to body size (Zondek 1920)

Basophilta of the postenior lobe of the piturtary gland has been noted m
certain cases of prturtary adenoma with hypertenston and mn some paterts
with hyperpiesia and eclampsia (Cushing 1934) this finding has not beent
confirmed however as a cf 1Ste ¢ m I hypestension

Adrenal disease Adrenal disease has a direct effect on the heart as well a8
on the circulation Destruction of adrenal tissue (cortex) as in Addisons
disease causes coltapse marked hypotension and general musculat weak
ness mcluding myocardial weakness but not structural heart disease Tht
heart 15 smaller than normal both n volume and weight 1 part the result
of the decreased amount of circulating blood and in part due 10 myocardst
atrophy and the T waves of the elect d dep d

Relicf of the symptoms and signs of Addison s disease has been effected b‘l
adrenal plus sodium chloride therapy but the new specific therapy of adren N
nsufficiency (Addison s disease} with desoxycorticosterone and cortison¢ mus
be followed with great care since senous cardiac enjargemant and weakness
may appear with touc doses 1n fact measurement of heart size has been S:;
gested as an objective che-k on large dosage of the hormone (MCG«’“‘L .
1942) 1t has been found that the dose of desoxycorticosterone acetate ne e
sary to produce a given degree of cardiac enlargement vartes saverscly 28
amount of sodium available n the ussucs




THE HEART IN ENDOCRINE DISEASES 459

Not only may dilatatron of the heart result from excessive desoxycorticos
terone therapy of Addison s disease but even Iugh degrees of congestive farlure
along with changes 1n the electrocardiogram which recede or disappear when
the drug 15 omntted The tendency to low voltage of the QRS and T waves
found with Addison s disease 1s much exaggerated by excess of desoxycorti-
costerone (Currens and White 1944) These changes 1 the heart are prob-
ably due to or at least associated with a loss of body potassum Tiustrations
of the changes 1n the electrocardiogram and roentgen picture of the heart due
toexcessive desoxycorticosterone therapy are shown i Figure 94 on page 460

The stimulation that results from an adrenal medullary tumor (pheochro-
mocytoma) can cause hypertension of paroxysmal nature which may be
cured by removal of the tumor If the hypertension 1s sustained however
removal of the tumor may have no effect on 1t splanchmic resection then
bewng required The tumor may be Iocated 1n tissue outside the adrenal glands
themselves and then may be found with difficulty

Cortical adenomas of the adrenal may also play a role 1 hypertension
they are more numerous than pheochromocytomas but thewr removal may not
bave any important effect on the hypertension present 1n such a case (Smuth-
wick personal commumeation 1942)

Pancreaic disease Diabetes mellitus does not cause heart disease durectly
but 1t does favor artenosclerosis and coronary artery disease (Root Bland
Gordon and Whte 1939) At least S0 per cent of all drabetics die as a result
of cardiovascular complications and the relative meidence of this cause of
death 15 steadily increasmg as other fatal complications are elinunated
Marked atherosclerosis of the aorta with dl. 15
Hypertension plays an mmportant role in this group and frequently precedes
the onset of the diabetes sometimes by several years Congestive failure due
to hypertension or to coronary disease 1s not unusual but death comes most
frequently from coronary occlusion (West 1935)

Lxcess of msulin does not apparently affect the heart seniously unless there
18 already heart disease the possible harmful effect from msulin shock (hyper
insulinemia) however makes 1t advisable to use imsubin cautiously 1n the
Presence of acute coronary thrombosis very severe angma pectons and
congestive failure Arrhythmas and electrocardiographic abnormalities fol
Iowng the use of mnsulin occur

Thyoue disense Hypert-ophy or persistence of the thymus gland 15 not
altended by heart disease but 15 accompanued by general artenal hypoplasia
The cause of the sudden death in the so-called status lymphaticus and its
Teputed relationship to the thymus gland are still unsolved mysteries The
enlarged gland 1n child or adult 15 to be diff d on phystcal
and by roentgen ray from abnormahties of the great vessels

Gemtal glands Heart disease dots not result from disease of ovanes or

testes but f; 1 d with of
latory asthenic type are commonly found espectally at the time of the meno-
Pause 1 women or foll double h Hy, of the

essential type 15 also a frequent finding often but temporary at the time of



FIG 94 R and el 1 the case of a young woman with
Addison s disease showing the touc effect of excessne desotycorticosterone acetate 1
treatment {4) Roentgenogram of the thorax Aug 13 194" showmg normal heart
siz¢ and some prominence of the shadow of the rulmonary artery (B) Rocntgenogram
of the thorax Scpt 9 1942 showing marked enlargement of the Lears durng the heisht

d C) Tl

of the effects from the more or lew
normal of this patient on Oct 24 194 after the effects of the desoxycorticosteront
had worn off (D} Electrocardiogram on Aug 30 1947 af the herght of the touc effect
of the desovycorticosterone

480
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the menopause and this may affect the heart secondanly to cause hypertrophy
Hamilton {1940) has not found however that the chmactenc everts any
ety severe stram on the heart of women alreadv affected by heart disease A
socalled fibroid  heart has been sad to result from utenne fibroud disease
(fibroma) but there ts no proof that swh a condition ewsts, functional dis
turbances as noted above and ¢ beats undoubted] for
this conditron  There has as yet been demonstrated no real myoma heart™
{von Jaschke 1933) A change m the electrocardiogram consisting of a
digrtalts bke depression of the §7 segments and T waves, v as noted by Schorf
(1940) 1n some females with ovanan dysfuncuion and was cleared bv estro
geme hormone therapy such changes are howeser rarely more than shght
m degree and st 13 probable that some factor such as hypersentdation (see
Chapter 8) secondary to the chmactenic rather than the ovanan dysfunction
stself 15 respousible
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CHAPTER 19

HYPERTENSIVE HEART DISEASE
ESSENTIAL HYPERTENSION
HYPOTENSION

HYPERTENSIVE HEART DISEASE

Infroduction Since the last revision of this book seven years ago ther
have been ble studses and published reports concerning hypertension
and hypertensive cardiovascular disease many of them of considerable m
terest and value, as may be observed on perusal of the additions of referen ¢
to representative publications 1n the Bibliography at the end of the chapter
Nevertheless the mechanism of the so-called essential type of hypertension
stiil eludes us another few years may very well reveal to us the answer, 0 the
answers since so many able workers are engaged on the problem Meanwhite
to date disttnet advances 1n therapy, though emprrical have been scored

The most common and impartant of all types of heart disease by and farge
the world over 1s that due to systemuc hypertension with elevation of the
drastolic blood pressure It 1s often serious and frequently followed by cop
gestive failure and death 1t has been esttmated that nearly 100 000 people
dic annually m the Umited States (population of about 130 000 000) as the
result of heart fmlure due to hypertenston and that 7 000 more dic from
other consequences of hugh blood pressure In a series of 30265 antopsics
with 4 678 cardiovascular deaths (15 45 per cent) 2 597 were hypertensiie
cases (555 per cent of the cardiovascular deaths and 8 6 per cent of the
total autopstes) the chief factor responsible for the hypertensive deaths was
cardiac (2 059 cases or 79 per cent dnided into the group with myocardsal

Fiit y—congestive heart fail th 1 124 cases or 43 per cent and
that with coronary fataliies with 935 cases or 36 per cent) while cerebral
hemorrhage caused death in 362 patients (14 per cent) and renal nsufficiency
1n 176 cases (7 per cent) (Clawson 1941) In New England systemic 10)
pertenston s a prumary or a secondary factor n at least 30 per cent of m‘c;
of heart discase Unul the last decade or two the conditton had 2 yanety ©f
other names or was mussed entirely unless blood pressure studies reseated L"s
fypertenston It has made up 2 considerable percentage of cases of so-Cﬂm(

cardiorenal disease sof socalled myocarditis  and of cardiac enlargem!
or failure withoug valvular discase and of unknown cause
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Heart disease due to pulmonary hypertension 15 much less common than
that due to systemmc hypertension but it 1s of considerable mterest and
miportance and will be discussed mn the next chapter Hypertension in
the portal crrculation wall be taken up n connecton with diseases of the
blood vessels i Chapter 28 Venous hypertesston 38 discussed 19 Chap
ter 6 under Venous Blood Pressure and 1 Chapter 30 on Congestve Heart
Faiture

Etilogy Cause The cause of the heart disease 15 known—high blood
pressure ofien abetted by some other factor especnally coronary disease
The fundamental cause of the high blood pressure in the majomnty of cases has
been however obscure and not associated with any constant chimeat findings
hence 1t has been called essential or prumary  The teym  hyperpesia
(vmep over and mefav to press) has also been apphed to st and another
synonym ss vascular or arteral hypertension nchcating that the blood
vessels are responsible

Innumerable theonies as to the cause of hypertension have been advanced
stace its drscavery aner a generation ago and some of these theones have now
become facts w other words there are at least several different causes
although that of the bulk af the cases (those with essential hypertension) 1s
stifl (1951} to be eluadated The association of heart disease with kidmey
disease was demonstrated by Brght more than a century ago (1836) but
the mechamsm of such association was of course unknown Gull and Sutton
{1872) pomted out the arteniolar fibrosis found m Boghts disease and m

our own generation the vascular factor 1n hyp has had the tint
Duniny, the last decades however atiention has been duected agam to the
kidneys by the proneer work of Goldblatt (1934) who der d that

hypertenssion can be produced 1 amumals by obstructing by a clamp the blood
flow through = renal artery and by the finding of pressor substances catled

and hyp produced by the kidney with their neutrabization
by other (antip ) (T dt and B 1898 Houssay
Fastiofe and Tagumt 1938 Page and hus associates 1940 £941 Hamson
Groliman and Wilkiams 1940) Suffice 1t to say that the most acceptable and
widely held theory mn the Light of our present knowledge 1s that the arterioles
n1ore or fess unnversally throughout the body have through some direct toxie
of nervous nfluence become wntable and pass 1nto a state of vasoconstriction
thuereby iz the to the 1 of blood to which the
heart sesponds with a resulting nise of artersaf blood pressure It 1s possible
that the renal antenoles may play the majoc role 1a thus process At first this

type of hyp ss shight and and mmay largely escape notice
Its later course 1s very vanable the arreriolor spasm may subside with a
P ture of the hyp it may increase antd become fixed as m
the osdmary well recogmzed case or it may progress 10 an extreme and fapic
degeee pving nise to the fled mal h A ding to ths:
theory there are at first no (as yet) b holope changes )

sclerosts  artenal sclerosis  fenal damage (artentosclerotic nephntis)  anc
cardiac enlargement are secondary effects of long sustamed hypermesia 1
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tme the artertolar sclerosis itself may be responsible for at Jeast some of the
hypertension and prevent its reduction
Hypertension 1s 10 some cases (a distinct mmonty) secondary to an easily
discoverable cause such as gross nephnitis polycystic kidneys adrenal tumor
d it 1p or 1 of the aorta or 1
temporanly induced by uninary obstruction congestive heart farlure coronary
msufficiency, pam exertion or excitement or concussion of the bra, fre
quently shght systolic hypertension attends thyrotoxicosts complete heart
block and aortic regurgitation or marked sclerosts Under such crrcumstances
the hypertension 1s not called essential or hyperpresta In the case of hyper
tenston of renal ongin there may be an added toxic effect from renal msuff
ctency with or without definite uremia The surgical kidney as such 1s not
however commonly a cause of hypertension
A number of practical classifications of hypertension have been proposed
m the past a good example of which presented by Gilchnst (1941) was
published 1n the thud edition of this book A recent system, bringng this
subject up to date has been presented by Page (1949) This 15 reproduced
below It 1s to be observed that diastolic hypertenston 1s far more important
than systolic hypertension systolic hypertension with normal or only very

shghtly el duastohc blood p 1s much less tmportant chnically
and 1s apparently in the main the result of arteriosclerosts
Table 8
CLASSIFICATION OF HYPERTENSION (PAGE)
Chmcal Experymental

I Nervous Participation

Cerebral 1schemia

Cushing s expeniment

Resection of smnus and aortic depressor

Poliomyelitis of bratn stem
Porphynia
Increased intracramal pressure
Sclerosts of carotid sinus nerves
Resection of glossopharvngeal nerve Hypertension from audiogeme stum
Emotion ulus
Tabes dorsalis
1T Cardiovascular Parficipation

Coarctation of aorta Clamping of aorta above renal vesseld
Heart falure
Artenovenous fistula
Artertosclerosts

T Endocrine Participation

Hypophy sts—ba ophil adenoma
Adrenals—pheochromocytoma
Cortical carcinoma
Cortrcal hyperplasta
Thymus—carcimoma  with Cushing s
syndrome
Placenta—associated with toxermia of
pregnaacy

Anterior lobectomy diminishing blood
pressure

Adrenaline hypertension

Desoxycorticosterone  acetate hypet
tension

Bulateral adrenalectomy aboishes hy
pertenston

Cerebrum (1951}
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IV Renal Participation

Glomerulonephnitis Antikidney serum nephritis
Obstruction to renal vessels Mechanical constriction of renal ar
Pyelonephntis teries or veins

Prostatic obstruction Mechanical compression of ureters
Polycystic kidneys Cellophane or silk perinephritis

Crush syndrome

Penarteritis nodosa

Pennephnc constriction of the paren
chyma

Hyperpresia ( 1 hypertension) for fully 95 per cent of the
cases of hypertensive heart disease and obvious renal disease for most of the
rest About two thirds of the cases of established diastolic hypertension show
cardiac enlargement on examunation Still others have lesser grades of enlarge
ment too shght to discover chmcally hypertension whether or mot of the
essential type may be too shght or recent in onset to cause any cardiac
hypertrophy at all

Age Hypertensive heart disease like hypertension itself (especially hyper
Plesia) 1s commonest 1n middle age and after signs of it appear on the
average ten years after the onset of sustamed hypertension of an important
degree except when there are complications (valvular disease or coronary
disease) to make 1ts effect more quickly evident Of a senes of 708 cases of
hypertensive heart disease 62 per cent were in the sixth and seventh decades
(29 per cent 1n the sixth and 33 per cent m the seventh) 17 per cent were
over seventy years of age 16 per cent were mn the fifth decade 4 per cent
m the fourth 1 per cent in the thuird and 05 per cent were below twenty
Years old thus only 21 per cent of the cases were less than fifty years of age
(White and Jones 1928) In a more recent series of 1249 cases 68 per cent
Wwete between fifty and seventy (White 1936) The youngest case of essential
Bypertension with autopsy on record that I know about has been reported by
Taussig and Remsen (1935) a colored boy two years old

Ser There 15 not much difference between the sexes n the mncidence of
hypertensive heart disease In White and Jones series of 708 cases 55 per
cent were female and 45 per cent male In the more recent series of 1249
cases from my own practice 51 per cemt were male and 49 per cent female
Hypertension 1tself on the other hand 1s far more common 1n females than
i males by a ratio of about 2 to 1 Yet 1t 15 true that 1t 1s much more sertous
1n the male Blackford and Wilkinson (1932) found the mortality rate after
ten years twice greater 1 men and among 50 consecutive cases of my own
with senious cardiovascular sequelae of hypertension selected for sympathec-
tomy 38 were male and 12 were female (White et al  1950)

Heredity Of all known etiol factors in the prod of hypertension
and 50 of hypertensive heart disease heredity ranks as of the greatest 1m
Portance  Frequently many members of one family in the course of a few
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generations have erther shown essential hypertenston or have had troubles
coming from such a condition The way 1n which heredity acts 1s obscure
but we do know of its great sigmificance

Race and clmate are factors of some mmportance Hypertension is Jess
marked 1n tropical and semutropical climates and 1t 1s sard to be uncommon
m certam nationalities hike the Chunese when mn their own country whether
this 1s because of race or of other factors like tempo of Iife or dret we do not
know It 1s especrally common among the Negroes mn the United States
apparently twice as common as in the white population for reasons unhnown
1t 1s sard that 1n Africa on the other hand hypertension 1s rare amon, the
Negroes who tend however to succumb to other ills especially tropical
discases at relatively early ages before the years when esseatial hyper
tension 15 at its peak m Amenica We need much international research on
this problem

Diet and obesiy Overcating and obesity frequently are associated with
hypertension and hypertenstve heart disease but the relationship 15 a very 1
constant one on both sides A high protein diet was once blamed for the
production of hypertension but this has been refuted, on the other hand 2
diet overrich 1n food value 1n general may be of importance During the war
n Holland over a perod of starvation from September 1944 to May 1945
there was a frequent lowering of blood pressure associated with weight loss
espectally 1n hypertensive patients (Lups and Francke 1947) There ar
problems here 1n need of solution

Nervous and physical stramn Tt 1s believed by many observers that a hie of
high nervous tension favors the production of hyperpiesia or at Jeast 1ts
aggravation the Jatter 1s the. more ikely Phystcal strain and constant Jaborious
work although sometimes blamed as aggravating factors have been largely
exonerated m late years ndeed 1t seems possible that physical exercis ]
moderation at least may protect against hyperpesia

Endocrine disturbances are frequently attended by hypertension
by marked hypertension these disturbances are especially assoctated wxlh
the ovaman funcuon (for example, menopause and ocophorectomy), ““d
thyrotouicosis and with adrenal or prtwtary tumors In the case of myr";
or adrenal or pituitary oversecretion surgical removal of a large part of ¢ ;
thvroid gland or of an adrenal or prtuitary tumor may result i a retum o

but rarely

blood pressure to normal The discovery that an excess of basophilic cells ::
present wm the posterioc lobe of the prtutary gland (hypophysis) '("Ci:}l::z

cases of pitwitary adenoma with hypertension and of eclampsia s
1932) suggested that hyperptesta might have 1ts basis theremn but ths s S‘Sa
ton has not been confirmed only a small minonty of cases are 10 be
explamned ot
Infections and porsons hase not been shown to have any close canﬂ]ccmtd
wth the pathogenesis of hyperpesta this statement ctudes fead long bl

for hypertension
Pathology The pathology of hypertensive heart discasc 1s as 3 rule setf
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simple Both cardiac and vascular 1 chronic hyp are
pnmanly but natural responses of muscle to increased work Hypertrophy of
the indwidual muscle fibers of the left ventncle 1s always present sometimes
to such a degree that the heart 1s greatly enlarged (Figure 95) A heart weight
of about 500 gm (normal = 200 to 350 gm} ts common and in rare cases this
may be increased to 750 or even to 1 000 gm With the development of failure

FIo 95  Drawings showing cross sections (actual size) of (4) an enlarged hyper
tensive heart and of (B) a normal heatt at a level two thirds of the distance from base
10 apex of the ventricles LV = left venthicle RV = nght ventewcle

—
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dilatation appears changing the appearance of left ventricular hypertrophy
from concentnic to eccentric  Such left ventricular dilatation 1s followed
by dilatation of the mutral valve nng functronal mitral regurgitation difatation
of the left atrum and enlargement of the night ventricle and atrium too if
the left ventnicular failure lasts long enough 1t has been suggested that the

primary  hypertrophy of the heart muscle begins only after it has been strained
or traumatized and somewhat dilated by the carly efforts to overcome the
effect of the arteniolar constriction Since with systemic hypertenston the pul
monary arterial blood pressure usually remams normal (unti} the lkft ven
tricle fails) the nght ventricle 1s unaffected early 1n the disease Eventually
after the left ventricle has begun to farl the pulmonary blood pressure sises and
the nght ventricle 1n its turn 1s subjected to considerable strain and begims to
enlarge as a matter of fact the commonest cause of right ventncular enlarg
ment 1s farlure of the left ventricle secondary to systemic hypertension

There ts no actual myocardiis or myocardial degeneration in most cases of
uncomplicated hypertensive heart disease even in massive hearts with marked
congestive fatlure, some myocardial scarnng (fibrosts usually m small areas)
is however not uncommon even 1n the absence of coronary disease {Levine
V' 1934) Endocarditis and pericarditis do not occur pnmanfy 1n this type
of heart disease although endocardial sclerosis most marked i the left atrum
which first bears the brunt of left ventricular failure was found in all of a series
of 27 hypertensive hearts (Levine V. 1934)

The acrta normal at first becomes dilated m older and chromc cases but
never to the degree observed 1n advanced syphilitic aortstis Some of the dilita
tion seen by roentgen ray examsnation 1s not found post mortem smce it 15
temporary depending on the intra aortic hydrodynamue state The vascular
drlatatton may extend a little 1nto the aortic branches especrally nto the 10
nomnate and carotid arteries Rarely the aortic media may split 1o cause 3
dissecting aneurysm when hy Is pl d by an ly wea
spot mn the aortic wall

Thickemng of the arteries and arterioles throughout the body 1s 2 common
finding 1n chronic hypertenston and m all probability 1s a vascular 1esponse
to the hypertension Arterolar scl and may comphicate the
picture Hype, without arterioscl and arteriosch without
hypertension are frequent findings but the two combined are as frequent 33
etther condition alone Renal artenolar scleross 1s preponderant and 15 unt
versally found mn the higher grades of hypertenston although not as 3 sule at
the onset of the discase d

Svioptoms There are no symptoms of hypertensive heart disease unt
complications anse the condttion 1s often discovered snuidentally 1n the COU’T
of routine examnation Usually the person feels perfectly well and 15 s:mr{
annoved by the discovery of the high blood pressure or of the cnhl’s‘md::l
of the heart Occasionally however, there are headaches and 2 coinct o
neurocsrculatory asthea wath its vanous symptoms Including pﬂlr’“’“‘ o
§ he and dyspnea These symp are frequently er ly attnbe
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by patient and doctor alike exther to the high blood pressure or to heart dis
ease although 1t 1s true that a person subject to neurocirculatory asthenia will
have more symptoms 1f the blood pressure 1s high and the heart 1s enlarged
than when the blood pressure and heart are normal and m some cases head
ache 15 part of a disturbance of the cerebral circulation meident to the
hypertension ( hypertensive encephalopathy ) A neurosts 15 common with
hypertension and hypertensive heart disease usually the result of fear of the
high blood pressure When true symptoms of hypertensive heart disease do
arise they are most commonly those of cardiac wmsufficiency which may 1n
crease to well marked congestive farlure resulting from the myocardial stramn
and fatigue which mvolve primarily the Jeft ventricle

Dyspnea on exertion 1s usually the first authentic symptom tending to m
crease 1 degree unless cheched by the mstitution of proper treatment With
marked fatlure dyspnea may become constant and prevent a recumbent post
tion (orthopnea) Or there may be sudden attacks of acute failure of the left
ventricle occurring duning sleep at mght or less often in the daytime after
exertion or excitement with engorgement of the pulmonary circulation pul
monary edema and sometimes the setting off of asthmatic respiration Such
an attack of wheezing 1s called cardiac asthma and 1s not an infrequent syn
drome 1n the case of the faiing hypertensive heart 1t varies considerably m
duration but lasts usually about an hour

Pain 1s less common 1n hypertensive heart disease than 1s dyspnea It takes
two forms sometimes a precordial ache due to an associated neurocirculatory
asthenta (or effort syndrome) aggravated by the cardiac enlargement and
sometimes angina pectoris from an associated coronary disease or syphihitic
aortitis Angina pectoris however though common i hypertension because of
the age ds 15 not so ct 1stic as 1s dyspnea for the hypertensive
strain results in an inability of the left ventricle to maintain the general cir
culation more often than m the mability of the coronary circulation to supply
the heart muscle with blood unless we accept the possible theory that some
hypertension especially 1f 1t involves the diastolic pressure may result from
the need of greater force to an adeq coronary 1 The
prolonged pain of coronary occl i hypertensive
heart disease

Palptation 1s common 1n hypertension with or without heart disease espe
aally 1n sensitive persons due erther to the consciousness of the forceful
heart action with normal rhythm particularly on exertion or excitement or
to the occurrence of uumportant beats p: of
or atnial fibrillatton These various disturbances of rhythm are common
hypertensive heart disease but they are not charactenistic Of the group of 708
cases of hypertensive heart disease of White and Jones (1928) 92 (or 13 per
cent) had atrial fibriilation (14 of these were paroxysmal in type) paroxysmal
tachycardia was noted 1n 11 patients (1 5 per cent) atral flutter 1n 2 03
per cent) and atnoventricular block m 13 (1 8 per cent)—the last named
being due to an associated coronary disease and not to the hypertension
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Other symptoms frequently found 1n essental or in nephrtic hypertension
with or without heart disease are famuhar tinnitus weakness nosebleeds or
other hemorrhages I of cerebral dent (aphasia and paralyss)
whether transtent (hypertenstve cerebral vascular cnises or minute lestons) or
more or less Jasting (cerebral hemorrhage or thrombosis), and symptoms of
renal insufficiency (drowsiness coma and vomiting from urema) The term
hypertensive encephalopathy 1s used to cover all the vanous cerebral vascular
disturbances due to hypertension from shght dizzimess to extensive apopleys,
m freq y 4s a sertous pl on 1t ranks below the cardrac effects but
above the renal

Signs The only constant sign of hypertensive heart disease 15 cardiac en
largement due manly to left ventricular hypertrophy The hypertension ttsell
responsible for this enlargement may have subsided at the time of exarmnatton
though some trace of 1t usually exists If there 15 no mcrease in heart size even
though hypertension 1s present we cannot label the condition hypertenstie
heart disease aithough as after rheumatic fever we may speak of potentral
heart discase In the early stages of hyperpiesia and even 1 more chronic
cases when the blood pressure 1s but slightly elevated the heart may be able
to stand the strain without mncrease 1 size but a normal heart size Is f
1f 1t exists at all, with markedly high blood pressure of long duratron Finally
1t 15 to be observed that the cardrac enlargement of hypertenstve heart discase
may be present i shght degree to be discovered only at postmortem exam!
nation not being sufficient to grve evidence during hfe An additon to the
heart weight of 25 50 or perhaps even 100 gm 1n the absence of dilatation
can probably not be detected chmrcally even by careful roentgen ray examind
tion unless there are frequent serial records Hence the climcal statistical report
that about two thirds of the cases with hypertension eventually show cardiav
enlargement undoubtedly falls somewhat short of the actual figure as mndt
cated by the statistical study of Murphy and his associates (1932) who found
that 1 2 senes of 375 cases of essential (prmary) hypertension exammned post
mortem the heart weights were 400 gm or above 1n 81 87 per cent (normat
upper imt of heart weight = 350 gm n the male and 300 gm 11 the fumalk)

In systermc hypertension with or without heart discase the aortic second
heart sound 15 usually accentuated sometimes to a striking degree When
the left ventnicle begins to fail the pulmonary second heart sound ncreases
1n infensity m its turn as the pulmonary blood pressure mses and finally ‘h;
pulmonary second sound equals or quite commonly exceeds the aortic secon!
sound i ntensity even though the latter continues to be louder than normat
The ch 1 hips of the of these two sounds 15 of gre3t
sterest and importance affording a valuable but much neglected clue @ the

degree of sufficiency of the Jeft ventncle

With mcreasing size of heart and the development of dilatation of feft “'“

tricle and aorta under the stratn of the hypertension apical and aortic systoliv
murmurs ppear and ar. common m the more advanced cases the fm’ﬂ:;r
due to functional mutral msufficrency and the latter cheefly to the aorttc difa
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tion In stll more ad d cases especially when artertosch phcate
the picture the aortic valve ning tself may stretch esther temporanly under the
head of pressure or more or fess permanently to give rise to an aore diastoli
murmur (aortic usually fi ) In a series of 500 case:

mur i 24 per cent 1n another seres of 200 consecutive autopssed cases of
hypestensive heart disease with normal zortic valves reported by Garvin
(1940) a diastobie murmur had been heard at the basc of the heart apparently
20rtic 12 ongin 18 14 cases resulting 1 a frank error i etiologie diagnosis 1n
four instances

The aortic dilatation due to hypertension may not be marked enough to be
found on physicat examsmation but it 1s generally easdy seen fuoroscopically
Mteonsists of 2 general enlargement of the whole thoracie aorta The ascending
20M13 5 ot as a nwle so diated as m syphiline aorntis and these are no
aneurysmal pouches A point of especial interest cancerning the aortic dilata
tion m hypertensson and wmeideatally also 1n cases of aortic regurgitation 1s that
the difat 1s at fiest [ ! ord at that stage farhing to appear
at autopsy even though very evident by Toenigen ray examunation dunng hife

comuman sigs resulting from two factors the vascular diatation and the
pushing up of the great vessels by the cardiac enlarpement and the high dia
Phragm sa often found n obese persons espectally women wath hyperten
o1 15 a prommence with pulsation of the maominate artery and the orygn
ot the carotd artery at the base of the right side of the neck Just above the
maer end of the clavicle this 1s 50 marked sometimes that st resembles o small
aneurysm

When congestive heart falure acrhythmias or other complcations anise
the wsual signs of such troubles appear and the heart tends n the case of
falure 1o become very large with il The app of
gallop thythm of the protodiastolic type 15 a frequent and senous sign of
Cardiae difatation ang farlure m hypertensive heart disease The relatne fre
Quency of arthythrauas hypertensive heart disezse has been noted above
therr incidence 15 less m hypertension 2s & whole One of the most important
disorders of heart acton—pulsus alternans (sec Chapter §)wy relatively
comaon m the case of the fmhing hypertensive heart and 15 much more com
mon than Senezally thought 1t 1s most readily detected duning the course of
blood Pressure measurement and 1t usually means that death 15 gt best but g
few years off (see Chapter 30)

One of the most helpful and constam signs of chrome hypertension and
therefore wswally assocrated with hypertensive heart discase s sclerosis of
the artenies 1n the eye grounds (fundi oculorum) tins s far more constant
than an the case of general or coronary artenescleross or of nephriis In

funds from nome atallto sther wire appearance of the artersoles with myeh
"8 of the veins where the artenes cross them but m advanced or Serious cases
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It 1s both pertinent and interesting to note that, although the most
serous phases of toxic gouter and its surgical treatment have been dealt
with very successfully nevertheless the bastc causative factors in affec
tions of the thyroid remamn undetermined It has not yet been estab-
lished that the underlymng pathology of exophthalmtc goiter and toxic
adenoma 1s one and the same as many investigators believe Indeed
the charactensstically different response to jodine medication (pre
operatively) 1n the two conditions 1s strong evidence agamst this
hypothests  Another great problem s that of the vamation among
mdviduals 1 their response to thyrotoxicosis These are fascinating
theoretical considerations but they are fundamentally practical also  As
soon as the basic researches now under way increase our understand
ing of thyroid pathology and physiology practical applicatrons will
be devised Such confidence s fully justified as the history of medical
science has demonstrated a mymnad fold 1n its progress through the
ages
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