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Foreword

Cook County Hospital has a long and chenished tradition of Climcal
Pathologic Conferences going back to the tume of the unforgettable Richard
Jaffe In the practice of medicine many challenging questions anse and
often a satisfactory answer to them never becomes available It may there
fore be enlightening to read solutions to some of these chinical problems
as they are dernved from pathologic analyses Such a presentation 1s appro-
priate for a large general hospital whose musston as a teachng institution
m 1ts own night 1s reflected 1 such conferences Its teaching function differs
1n princtple from that of a unversity although 1t offers all of ats facilites
for the teaching of undergraduate medical students The mam emphasis 1s
given to the traimng of the house staff and the medical development of sts
attending staff as well as of physicrans takung postgraduate courses at the
Cook County Graduate School of Medicme In such conferences the mntern
will be able to follow a chmcal problem from its beginning to its end The
resident will sharpen his sense of correlation between the chmeal and lab
oratory observations and the underlying abnormality and the postgraduate

the d; the alumnus and the visiing postgrad
ua!e student may enjoy the opportumty to refresh humself n vanous fields
of medicmne to note progress made and last but not least to accept and
offer 1deas and information There 1s also a mutual sttmulation between

the p. of these confs and the basic and chnical 1nvestiga
uons 1 the hospital and the nﬂihated Hek!oen Institute for Medical Re
search This volume 1s theref d to make

this type of
teaching endeavor to a larger audience Thanks and credit should be given

to the entire attending and house staff of Cook County Hospital Therr
clinical observations and devotion to the carc of the patients make these

possible  App should be expressed to the members
of the Department of Pathology for orgamzing and conducting the con
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x PREFACE

1 should like to express gratitude for their terest and encouragement I have
also to thank most cordially, several donors for generous gifts of chemical
matenal, among these donors are Dr Girard of Pars, Dr Laqueur of Amsterdam
Dr Macbeth of Organon Limted, Mr Smart and Dr Miescher of the Ciba
Company To Dr Macbeth I am greatly indebted for extensive references to
relevant literature I should like also to acknowledge valuable advice from
DrF H A Marshall ToDr] N Goldsmith I am especially grateful not only
has he prepared an exceptionally helpful index but he has given great help
with proof reading and advice on varous details Lastly I must mention the
unremutting help which I have received from my wife without whose aid
this book could not have been written

HB

London 1944



PART I GONADOTROPHINS

Chapter I The Nature and T'unctions of Gonadotrophins

Introductory remarks Inactnation excretion sources and distribution of gonadotrophin - Are the
pitutary gonadotrophins sdentical with those produced by the placenta? Are FRH and LH
distinct compounds? The action of gonadotrophins on the ovary and testis The interstitial cell
sumulating hormone  Puberty and the awahenung of sexual actisity

Introductory Remarks
THE gonadotrophins are so called because they govern the development and
biologteal activities of the gonads * Cushing & Goetsch (1915) showed that pitut
tary defictency, whether naturally or artificially produced 1s accompanied by
atrophy of the reproductive and adrenal glands  Noble (19384) has described the
progressive atrophy of these organs and of same of the accessory genutal structures
which follows hypophysectomy 1n male and female rats (Table 1}

TaBLE 1 Progressive atrophy of reproductive organs after hypophysectomy
1 male and female rats (Noble 1938q)
Males

Average wesghts of organs i mg

Intervening
nme Serminal
(weeks) umber ‘Testes Prostate vesicles Adrenals
1 12 1 o4 120 52 12
2 12 854 100 56 12
4 3 300 87 4z 8
6 H 273 . 5% 34 5
Females
Average weights of organs 1n mg
Weeks umber Oharnies Uterus Adrenals
1 4 24 142 28
z 6 22 129 23
4 4 17 117 14
6 3 15 82 8

The changes 1 the gonads and adrenal cortices after removal of the pituitary
include shrinkage of nucle: and cytoplasm with arrest of secretion These results
can be prevented orif already present can be reversed by injecting extracts made
from the antenior lobe of the pitwitary of other animals mto the muscles or
subcutaneous tissues

The chemical nature of the gonadotrophins has not been exactly determined
They are soluble m water give the general reactions of protemns and are precips
tated without denaturation by ethyl alcohol - According to Ashew & Parhes (1933)
the ovulation prod hormone of pre urine 1s mactwvated by heating
to 100 C 1 water but loses none of its activity if hept at that temperature for
1 hour when dry the results are unaffected by the exclusion of oxygen From

* yowfi = gonad Tpogh = noursshment

BSH



2 NATURE AND FUNCTIONS OF GONADOTROPHINS

these and other observattons 1t seems that the gonadotrophins are proteins or are
so closely associated with protems that their activity disappears when the latter
are destroyed The gonadotrophins also contamn carbohydrate 1 the form of
mannose and galactose Among gonadotrophins from different sources Gunin
(1942) has detected differences m the carbohydrate content -

The effects of proteolytic ensymes on gonadotrophin Evans Simpson 8 Austin
(19335) found that the gonadotrophin of pregnant mares serum was but httle
affected by pepsin during 4 hours at 37° C when the pH was between 4 and 5
though at a pH of between 1 8 and 2 1ts activity was destroyed They note that
other samples lost their potency when subjected to this pH 1n the absence of
pepsin Trypsin at a pH of 8 5 mactivated the hormone Bates Riddle & Lahr
(1934) obtained FRH from beef pituitaries and digested 1t with trypsin at 37° C
and pH 8 o for 2 hours The material after this treatment was iyected m four
equal daily doses 1nto rmmature ring doves whose testes were weighed 96 hours
after the first dose, and compared with those of untreated birds of the same age
The results show that the hormone had been destroyed by the tryptic digest
(Table 2) (See also Riddle, Bates Lahr & Moran 1936 )

TaBLE 2 The effect of trypsin on a gonadotrophic extract
rich in FRH (Bates, Riddle & Lahr, 1934)

Average neight of doves testes
96 hours after the first injection

mg
——— A\
Uningected Injected
Matenal injected Dose (mg)  control doves doves

Untreated FRH 4 87 492
4 65 340
FRH after digestion 4 65 68
with trypsin 4 78 107
8 63 66
H 63 88

Van Dyke (1936) says that the gonadotrophin of pregnancy urine 1s rendered
mert by boiling ultra violet Iight hydrogen peroxide or trypsin but not by
pepsin though according to Fevold (1937) 1t 1s destroyed by pepsin  Collip
(1937) states that pitutary gonadotrophun 1s mactivated by prolonged boiling
and 15 sensive to alkal losing its potency at a little beyond pH 8 Thyrotrophic
hormone he says shows approxumately the same reactions Using extracts of
sheep s piturtary McShan & Meyer (1938 1939) found that LH* 1 largely 1f not
entirely destroyed by trypsin when exposed to 1t for 3% hours at 37° C and H
80 and 1s relatively resistant to ptyalin whereas FRH 1s resistant to trypsin and
destroved by ptyalin  Chen & Van Dyke (1939) found that tryptic digestion

bolished most of the I g action of extracts of sheep or horse piturtary
but large doses of such digested extracts still caused some lutemnization 1n the
ovartes of hypophysectomized immature rats, showing that the destruction was
not complete

# For brevity and ease of discusston folltele ripening and lutesnizing hormones will be referred
to as FRH and LH respectreely as though their separate identities had been estabhshed



NATURE AND FUNCTIONS OF GONADOTROPHINS 3

Chow Greep & Van Dyke (1939) wcubated extracts of fresh pig pituitarics at
37° C with various proteolytic enzymes some of thewr results are given in
Table 3 and show that the gonadotrophin used was mactiated by trypsin
chymotrypsin and pepsin but not by papam or carboxy peptidase

Taste3 'The effect of proteolytic enzymes on pituitary
gonadotrophin (Chow Greep & Van Dyke, 1939)
'

Enzyme ?H of digest FRH LH ‘Thyrotrophin
Pepsin 457 + 4+
Papain 357 - - z
Trypsin 869 + - + +
Chvmotrypsin 869 + - + +
Carborypeptidase 860 - - z

NOTE + =inactnated — =not d +- 11 iy ated

Abramowitz & Hisaw (1939) have also investigated the action of proteolytic
enzymes on three different gonadotrophins namely punfied FRH and LH ex-
tracted from the pitustanies of sheep and a chonionic gonadotrophin derned from
the unne of pregnant women Their findings suggest some differences in the
proteolytic reactions of the extracts which were tested (Table 4)

TaBLE 4  Proteolysis of pituttary and chortontc gonadotrophins
(Abramowitz & Hisaw 1939)

Piturtary gonadotrophin

Chonionsc
Enzyme pH of digest FRH LH gonadotrophin
Papain 7t + - - +
Trypsin 71 + + +
Chymotrypsin 76 + - + - +
Crude ptyalin 71 + - +
Nott + =wactivated — =not d +— 11

P

L1 (1940) ground and treated the pituitaries of gonadectomized rats with
trypsm at pH g 6 and incubated the matenal for 2 hours at 38 C  after which 1t
was assayed on 21 day old female rats eight doses bemng given m 4 days and the
findings were compared with those obtained by pitustartes which had not been
treated with trypsin (Table 5) His results show that the extract used which was
rich 1n FRH was to a large extent mactivated by trypsin the high degree of
alkalinity of the digest will be noted

TaBLE 5 The effect of trypsin on the gonadotrophic potency
of the rat s pituitary (L1 1940)

Piwtary  Mean weight of  Mean weight of

Sex of piutary ‘Total dose treated by ovares 1n test uterus in test
donor {ong trypsin ats (mg ) tats {mg )
Female 5 - 6976 8210
Female 10 + 2373 6377
Male 5 - 66 65 8289
Male 1 + 2281 4035

The results of proteolysts which have just been mentioned though they are
not all in complete agreement suggest that the d 1f not th 1

1






Pieface to the Iifth Edition

Although many, many books wnitten on heart disease are continuously
coming off the presses yet i1t seems to our Publishers and to your Editors
that bringing these volumes up to date in loose leaf form 1s a worthwhile
project

The problem of cardiovascular disease has become so large and so com

hcated that it to us ble for one man to write a completely
satisfactory book on this subject We have been unusually fortunate in
the cooperation of the outstanding authonties in cardiovascular disease 1n
this country and whatever value these volumes have 1s almost entirely
due to them

Since there are 1n all fifty mne contnbutors and since the various prob
lems of cardiovascular disease are so closely related there has been neces
sanly <ome overlapping In our opinion this 1s justifiable since 1t 1s
seldom that two authonties have exactly the same 1deas concerming any
cardiovascular problem

Although these volumes cover the entire subject of cardiovascular dis
ease the form 15 not encyclopedic ‘There 1s no chapter on the prognosis
m dufi types of card tar disease since this subject 1s consid
ered 1n the vanous chapters

There has been a radical revision of these volumes in this edition Prac
tically every chapter has been revised and brought up to date with add:
tional references

Wath loose leaf binding 1t will be possible to keep the chapters up to date
and to continuously revise them in the light of newer concepts and ad
vancements 1n the varous aspects of cardiology Rewisions and additions
will be 1ssued as the Editors deem necessary

A cnticism of the past editions has been that they did not cover the
subject completely and hence could not be used as reference volumes This
of course depends upon the index as much as the contents We beheve
this crniticism has been overcome through the new and complete index which
has been prepared by one who 1s well tramed and expenenced in such
matters

Although we hesitate to draw attention to any of the chapters specifically
yet some of the chapters should be mentioned

The section on surgery has been covered m an outstanding manner by
Dr Claude 8 Beck in Surgery of the Heart and Penicardium  and Dr
Robert R Glover and Dr Juho C Dawvila in  Surgery of the Cardiovas
cular System  As in the Fourth Edition attention should be drawn to
the chapter on Electrocardiography by Dr Samuel Bellet and Dr
Thomas M McMillan Any physician can find an almost exact duplicate
for most electrocardiograms among the figures in this chapter and from

xm



X1v I REFACF TO THE FIFTH EDITION

the text make a conservative and accurate interpretation of such electro
cardiograms although, 1n our opinion 1t 15 important for any physiclan
using a galvanometer to tahe a course 1n electrocardiography before at
tempting to interpret electrocardiograms

There has been a determined effort to secure many 1llustrative case his
tories, since this 1s recogmzed as a practical method of presenting the nec
essary procedures for diagnosis and effective treatment

Although 1t 1s 1mpossible to include pictures of all the men who have
contnibuted toward the advancement of the hnowledge of cardiovascular
disease yet some have been chosen by Dr William G Leaman as the most
outstanding

The arrangement of the matenal in the previous editions has been criti
cazed This arrangement was based upon the Nomenclature and Critena
for Dhagnosis of Diseases of the Heart as published by the American Heart
Assoctation namely etwological anatomrcal physiological and treatment
with penipheral vascular disease at the end In this edition as far as possible
treatment follows the various etiological types of cardiovascular diseases

Nothing that we may say can adequately express our gratitude to those
who have contributed to these volumes and we heartily agree with the late
Sir Thomas Lewis mn his remarks concerning therr quahfications as authon
ties upon the subjects which they have discussed

Agamn we wish to thank the F A Davis Company and particularly Fred
ernich C Smuth MD and Mrs Florence W Brehm for their kindness and
helpfulness 1n preparing these volumes

WiLLiam D Srroup, M D
Mozrris W Stroun 111 M D
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FREDRICK A WILLIUS, M D

1

Historical Comments Pertaining

to Cardiology

It 1s 1mpossible to app te and und d fully the remarhable

h ts of modern med without a general knowledge at least,
of the historical events which made possible the exalted position of modern
medicine Furthermore the future of medicine cannot be plotted wisely
if the errors of the past and the present remam unrecogmzed and are
therefore perpetuated

Medicine and astronomy were the first of the natural sciences and the
long and noble tradition of medicine 15 inseparably hinked with the evolu
tionary ascendancy of avihization and the welfare of mankind The his
tory of medicine like history 1n general, represents great cycles of events
and human actiity The span of these cycles 1s not precise but extends
from one era to another and often bridges several eras One cycle may
not yet be complete when another cycle has its inception History 1s
actually the record of the actmns of man based on thought understand

ng imhative and It 1s profoundly d by cus
toms contemporary events opportumities and adversities religious belefs
and vanous prolubitions and polhitical d: wars famines

and epidemics

Therefore to appreciate fully the history of medicine 1t 15 necessary
to appraise the overall cyclic pattern and to regard the individuals who
for good or for bad have enacted their roles 1n the evolution of the

fi yet o t which we hnow as modern
medicine *
It would be ble to record 33 ly the historical devel
opment of knowledge relating to the heart and arculation within the
hmitations of 2 chapter Theref: ); will be ded the s

torical milestones pertaiming to the evolution of physical diagnosis with
special reference to the heart

Modern medicine finds itself in an era of mechanization Almost count
less new methods of diagnosis have been mntroduced and while each
method 15 of Iimted 1mportance through wise utilization and judicious
mterpretation each becomes a va]uable adjunct to diagnostic procedures
In modern medical philosoph d exists to subordinate the 1m
portance of physical diagnosis Thxs 1s true not only mn practice but also
unfortunately in teaching The time has not come when diagnostic ad

1
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juncts can or should supersede the basic and time tested methods of
physical diagnosis
The utiization of mnspection and palpation 1s clearly described in the
earliest medical records the Egyptian papyn These documents, mscribed
on a paper like matenal denved their name from the fact that the fabnc
was prepared from the fibers of the reed Cyperus papvrus, which grew m
profusion along the banks of the rnver Nile Seven of them deal with
medical and surgical subjects
The Edwin Smith Surgical Papyrus the last to be discovered but the
oldest 1 space of time was discovered 1n Thebes 1n 1862 It was found
by Edwin Smith, the first Amencan Egyptologist This valuable docu
ment came 1nto possession of Smith s daughter after his death and she
turn presented 1t to the New York Historical Soctety in 1906, 1t remained
in obscunty until 1920 The society then mvited J H Breasted of the
Ortental Institute of the University of Chicago, to decipher and franslate
the 1wt B d published hus results in 1930
Breasted dated the Edwin Smuith Surgical Papyrus from the seven
teenth century B C but msisted that the authors ongmal manusernpt
was msenbed at least one thousand years earhier during the Pyramud Age
(3000 2500 B C) He beheved that the author may have been Imhotep
the first known physiaian and architect
These early documents indicated that fractures, superficral tumors,
large deep seated tumors and the enlarging grawid uterus were observed
and palpated The Edwin Smuth Surgical Papyrus also contains a record
of the earliest attempt to palpate and count the peripheral artenial pulse
This was undoubtedly done by means of the water clock which was a
product of ancient Egyptian ingenmty
The preservation of the papyr: was not a matter of chance but clearlv
rested 1n the rehigious beliefs of the Egyptians These people of antiquity
held the behef that the soul of the departed continued 1o hve and that it
passed before therr supreme diety, Osins, 1n judgment of earthly deeds or
misdeeds 'The soul then returned to the body to dwell there throughout
etermty Thus provisions were made to permit the body also to exist
eternally
This religrous belief was the basis for the Egyptians’ ingemous method
of mummufication the success of which was favored by a relatively and
ciimate The mummfied body was placed m a sarcophagus with the
tent of further preservation and the tombs vared from small and un
pretentious structures of stone to the mughty pyramuids Obyects were
placed within the structures for the comfort of the returned soul such as
food and dnink Jewels various papyr, vessels of many types and chanots
m the case of the Pharachs Thus, the valuable documents of antiquity
could not have survived the ravages of time and weather but for the
ingenious actions of man based on relimous behefs
Sumlar data pertamng to mspection and palpation also have been
derived from the ancient evihizations of China and India
Important advances m physical diagnosis did not oceur until the
Golden Age of early Greek civilization which from a medical standpomt,
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had its nception m the Ife of Hippocrates (493429 B C) of Cos
Hippocrates has probably been the most controversial personality 1n all
medical history wirtually every statement regarding hus hife and works has
been quest: d if not contradicted Jones referred to ‘the shadowy
Hippocrates of ancient tradition while Sigerist stated all that we
certainly know of Hippocrates 1s that he lived ”

The famous Hippocratic Works were probably wntten by contem
poranes and successors of Hippocrates as evidenced by the fact that
they contain many contradictions It 1s bable that the Aph
were Hippocrates own products He formulated the doctrine which ap
pears to be the true b of phystcal d wherein he advocated
and practiced the utihzation of mental concentration and analysis to
gether with the application of the five senses 1n the diagnosis of disease

Gee stated that the ancient Greeks used the method of tapping to dif
ferentiate ascites from tympamtes but this was not the true beginmng of
percussion

During the ensuing centurnes hitle progress was made in physical diag
nosis, 1n a large measure owing to the fact that the complex anatomuc
maze of the human body was slowly and often erroreously revealed

Fmally an illustrious personality appeared in the medical world who

1 an er 1dea the structure of the heart and the
vascular system and their functions Either Claudius Galen (138 201 AD )
of Pergamon Asia Mimor and subsequently of Rome was a man of
great persuasive powers or his contemporartes and many generations of us
successors were gullible and without eritical msight for his errors were
accepted and perpetuated for nearly fourteen and a half centurnies As
late as 1649 Jean Riolan (Riolanus) (1577 1657) of Pans a fanatical
admurer of Galens teachings, remarked that if subsequent observations
and dissections differed from those of the great master (Galen), any van
ations were attributable to the fact that nature had changed

Galens anatomic observations wwere mcorrect and he amplified these
errors by concocting speculative physiol to d his ana
tomic mmstakes He d no 1dea what: of the basic physio
logic princsple of the circulation of the blood

In this period of history most dissections were performed on ammals
and occasionally on stllborn infants It was not until the close of the
fifteenth century that dissection of cadavers was offictally authorized when
a bull to thus effect was issued by Pope Slxtus v

In the dmng centurzes prog 1n the medrcal sciences
became evident Notable progress occurred in embryology sigmificant
strides were made 1n pathologic anatomy and histology became an estab
lished science through the efforts and contnbutions of such celebnities as
van L hoek Malpight and Spall;

Only two outstanding medical events occurred durmng the Medieval Era
(1096 1453) 'The first was the correct description of the pulmonary ar
culation by the great Arabian physician Ibn an Nafis (circa 1210 1288)
of Carro  Credit for the first description of the pulmonary arculation has
usually been accorded the martyr Michael Servetus (1509 1553) of Villa
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nueva de Sigena, Spain who mdependently and without Lknowledge of hus
predecessors contnibution recorded his own findings 1n 1553 The work of
Ibn an Nafis was not generally known until the investigations of Meyerhof
and of Haddad and Kharrallah were published 1n 1935 and 1936 Ibn an
Nafis’ description of the pulmonary eirculation was found i his Commen
tary on Avicenna’s Anatomy
The second great medical event in this era which influenced the field of
cardiac diagnosis at least indirectly was the founding of the famous school
of Salerno, duning the reign of Fredenick II (1215 1250) This great school
was based on the modern concept of orgamzation, as an attempt was
made to secure teachers who were the most talented and whose viewpoints
varied Teachers were sought from afar and the faculty was created with
out national or racial prejudice It compmsed Greehs Italians Persians,
Jews and the monks of Western Europe
The Renmissance {1453 1600) or the era which witnessed the analen
ng of culture science and the arts brought forth distingwished contnbu
tors to the medical sciences This was particularly true mn the field of
anatomy where such celebrated men as da Carpr (1470 1550), Vesahus
(1514 1564) Canano (1515 1579) Guide Gwidi (Vidus) (? 1569), and
many others contributed generously to the understanding of many of the
structural complexitics of the human bedy While no new mnovations
concerned with the diagnosis of diseases occurred the increased under
standing of anatomy was clearly a preface which made subsequent contn
buttons possible
Probably the most gfted and diversely talented contributor of the
Renaissance was the fabulous Leonardo da Vina (1452 1519) Commonly
known as an artist of rare ability he was hihewise an anatomust of distinc
tion His drawings revealed the general character of the heart the man
coronary vessels and their large tnbutaries and in at least one of the
drawings he attempted to schematize the inwvisible pores’ of Galen 10
the nterventricular septum Leonardo discovered and described the
moderator band of the nght ventncle In addition to the aforementioned
accomphishments he was the pioneer of exquisite medical 1llustration an
mventor architect engineer expert ballstician, geologst, geographer
and astronomer
Nearly a century and a quarter elapsed after the Renassance before the
forthcomung of a significant contnbution to physical diagnosis A resource
ful Italian physician Francesco Ippolito Albertin: (1662 1738) of Bologna
mtroduced a method for determiming enlargement of the heart He was a
pupil of the famous Malpigh: and a friend and contemporary of Valsalva
Albertim was particularly interested 1n the correlation of signs of disease
and postmortem findings He carefully studied the apex beat of the heart
by means of mspection and palpation and utiized the character of the
apex beat and 1ts outward displacement as signs of enlargement of the
organ Albertint’s observations appeared 1n 1726 1n his work ¢ De affec
tionibus cordis’
The next important component 1n physteal diagnosis was brought forth
35 years later when Joseph Leopold Auenbrugger (1722 1809) ntroduced
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percussion He was born in Graz Styna in Austna and was the son of an
inkeeper The fact that Auenbrugger was the son of an innkeeper has
singular sigmficance 1n the story of his discovery

During his youth he was obliged to help hus father 1n the duties of the
mn  In those days the process of tapping was used to determine whether
walls were solid or contained hollow hiding places, and innkeepers utilized
the method to determine the level of the flrds 1n kegs Young Aucn
brugger undoubtedly became expert in this p d Another fi
fact relating to his discovery was his musxcal talent and early traming
mn music

Auenbrugger studied medicine at Vienna under van Swieten founder of
the old Viennese school of medicine and ongmator of its famous lhibrary
Van Swieten in turn had been a student of the famous Boerhaave From
1751 to 1762 Auenbrugger was associated with the Spamsh Hospital in
Vienna first as assistant and later as physictan It was duning this tenure
that he made his classic observations after seven years of diligent and
painstaking work

After describing the sounds produced by tapping various regions of the
healthy thorax and the techme of percussion Auenbrugger described the
changes produced by disease as revealed by postmortem examnation His
work was published 1 1761 under the title Inventum novum ex per
cussione thoracts humant ut signo abstrusos intermt pectoris morbos
detegend:

Auenbrugger came near to discovenng auscultation as revealed by the
Eleventh Observation 1n his ‘ Inventum novum A brief excerpt from
the translation follows “If at this time while the patient 15 coughing and
spitting the palm of the hand be placed over the site of the vomica that
15 over the place where 1ts euistence had been detected by percussion the
noise of the fluud within the chest will be suffictently mamfest *

Auenbruggers discovery was generally ignored and even his teacher
van Swieten did not accept the new method of diagnosis Only two Euro
pean physiians Stoll of Vienna and Charles G Ludwig of Lepzg
acclaimed and practiced the method The Inventum novum was trans
lated into French by Rozerre 1n 1770 and twice mto Enghsh but con
tinued to be quite umversally ignored for nearly fifty years when the
great French climctan Jean Nicolas Corvisart (1755 1821) of Pans
acclaimed and practiced percussion Corwisart who was Laennec's teacher
and 1 physician to N te had worked with per
cusston for many years after studymg Auenbruggers book Corvisart
made his own translation of this work giving Auenbrugger full credit for
the discovery and added his own expenence with percussion 1n the diag
nosis or disease Corvisart s book was published n 1808 and from then on
percussion became umversally accepted as the third component of physt
cal diagnosis

Before the age of sixty Auenbrugger had wntten a hbretto for the cele
brated Itahan composer Antomio Salienn The opera Der Rauchfang
kehrer (The C}umney Sweep) was presented m Vienna m 1781 and
attracted from P Mana Theresa who urged
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Auenbrugger to confinue with his musical works However, he demurred
stating that hus first responsibility was to further the science of medicine
In 1784 Emperor Joseph enobled Auenbrugger not for s great medical
discovery, but for his untinng services to the poor Aucnbrugger became
wealthy but continued unselfishly to give of his time to the many indigent
persons who sought his services
Auenbrugger and his wife celebrated their golden wedding annwersary
1n 1804 and soon thereafter hus wife died He never recovered from his
gnief which, combmed with the failing health of age eventuated in the
development of an acute respiratory infection that caused his death five
years later at the age of eighty seven years
In 1828, Pierre Adolphe Prorry (1794 1879) of Poitiers mnvented the
pleximeter and hoped to improve on Auenbrugger s method of percussion
His work appeared in Pans under the caption  De la percussion méduate”
Piorry s method was never umversally adopted although the pleximeter
was used by some chmeaans even n the carly part of the present century
The completion of the tetralogy of physical diagnosis occurred 1n 1819
when René Theophile Hyacinthe Laennec (1781 1826) discovered auscul
tation and published his classic work on the subject He was born 1n
Quimper 1n lower Brittany the first chuld of a tuberculous mother There
were a younger brother Michel and two younger sisters The mother
died soon after the birth of the second daughter The father an unsuc
cessful lawyer was unable to care for the children so arrangements were
made for a paternal uncle to brmg up the two boys
The uncle Guillaume Frangois Laennec, was a famous physician He
was a student of the celebrated John Hunter and became Professor of
Medicine at Nantes It 1s probable that the uncle s influence played an
important part in Rene s determination to study medicine
René was a frail and mmpressionable child and, unfortunately, witnessed
many of the horrors of the French Revolution A guillotine was withun
sight of the boy s home The revolution had a profound effect on French
medicine as evidenced by the fact that from 1786 to 1789 not one medical
student was graduated by the Pans Faculty
Toward the close of this tragic period of France’s huistory young Laen
nec began the study of medicine 1n 1795 He first studied medicine at
L’Hotel Dreu m Nantes and five years later entered L’Ecole de Medecine
m Pans Laennec studied medicine under the great Corvisart physiology
under the gudance of Bichat, and surgery under the famous Dupuytren
Laennec’s first published work while still a medical student was con
cerned with mitral stenosts found at necropsy Shortly before tus gradua
tion 1 1804 he proved that phthiss and pulmonary tuberculosis were
one and the same disease
For five years after his graduation Laennec lectured on pathologic anat
omy and engaged m private practice In 1812 he was appomnted physician
to Beaujon Hospital and four years later was named to the staff of Necher
Hospital where he made hts famous discovery In 1819 Laennecs classic
work, “Traite de 1 auscultation médiate’ was published It 15 of nterest
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te note the ensuing portion of the mtroduction to his bool as it appears
m the first American edition published 1n 1823

In 1816 I was consulted by a young woman labonng under general
symptoms of diseased heart and mn whose case percussion and the applica
tion of the hand were of little avail on account of the great degree of
fatness The other method just mentioned being rendered inadmissible
by the age and sex of the patient I happened to recollect a simple and
well known fact 1n acoustics and fancied at the same time that 1t might
be turned to some use on the present occasion The fact I allude to 1s the
augmented 1mpression of sound when conveyed through certain sohd
bodies as when we hear the scratch of a pin at one end of a piece of wood
applying our ear to the other Immediately on this suggestion I rolled
a quire of paper into a sort of cylinder and apphed one end of 1t to the
region of the heart and the other to my ear and was not a hittle surprised
and pleased to find that I could thereby percerve the action of the heart
1n a manner much more clear and distinct than I had ever been able to
do by the immediate application of the ear From ttis moment I imagined
that the circumstances might furnish means of enabling us to ascertamn
the character not only of the action of the heart but of every species of
sound produced by motion of all the thoracic viscera’

Laennecs book warrants study even today Its comprehensiveness in
some respects 15 similar to a modern text Laennec described and dis
cussed pulsations of the heart heart sounds rhythm irregularities and
the symptoms of heart disease He bel: d the anginal synd tobea
nervous affection The volume includes discusstons of cardrac hypertrophy
and dxlntatmn ﬁbrosxs atrophy fatty degeneration ca]cxﬁcahon cardms

per les cardiac throml
displacements aneurysm and congestion of the viscera in heart failure

Laennec recogmzed the fact that the first heart sound 1s associated with
systole of the ventricle but erronecusly believed that the second sound
was due to systole of the auricle He also described thrlls and venous
hums and commented on their ongmn and significance

Laennec s work was not accepted at first 1 huis native country but was
eagerly acclaimed by physicians of ht countries by
those of the British Isles who attended s chunc in large numbers With
the acceptance of auscultation by the physicians of England Scotland
and Ireland these schools of medicine forged rapidly ahead and produced
such outstanding celebnties as Stohes Graves Adams Cheyne Corngan
Parry and Jenner

Laennec was always a frail person and suffered for many years from a
chrome asthmatic bronchitis In 1828 he became seriously 1ll from an
acute respiratory illness and died at the premature age of 45 years Few
physicians at that age have contnbuted so greatly to medicine and re
cewved such broad recogmtion as did Rene Théophile Hyacinthe Laennec

The physiczan who advanced physical diagnosis to its acme of science
and art was Josef Skoda (1805 1881) of Vienna He was born in Pilsen,
Bohemta the son of a locksmith If 1s interesting to note that hus fathers
modest httle shop finally developed into the large Skoda works which to
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a large extent furmished arms and mumtions to Germany during World
War I

Young Skoda was graduated from the Umversity of Vienna in 1831
and taught physics and mathematics to md 1n us own support while secur
ng his education He was an apt and dibigent student, was pamstakingly
thorongh, and possessed the mft of concentration on mportant details
Skoda secured a subordimmate position at the Allgemeines Krankenhaus in
Vienna after lus graduation and worked under the gmdance of Rokitan
shy, Draut, and Wirer

Skoda early mn his medical career became greatly interested in per
cusston and auscultation and spent many hours at the bedside interrogat
ing and exammng patients He was meticulously thorough in his exami
nations and was possessed of almost mexhaustible patience However, hus
progress was slow because he was echipsed by numerous internationally
known satellites

Skoda s great moment of opportumity came while he was still a young
man The French minister to Austna, the Duc de Blacas became serrously
11l and such celebrities as Malfatti Turckheim and Wirer had adentsfied
the 1llness as due to disease of the liver For some reason young Shodz
was requested to examne the Duc After a dehberate and thorough ex
amination Skoda refuted the previous diagnosis and submutted his own
diagnosts of aneurysm of the abdominal aorta Shortly thereafter the
Duc died and postmortem examnation confirmed Skoda s diagnosis

Thus feat on the part of an earnest young but obscure physictan 1m
pressed the great Turchhemm who 1mmediately took a great interest m
Skoda and created teaching opportunities for im For many years Shoda
was professor of d at the All Krankenhaus m Vienna
where climcal matenal was abundant and postmortem examnations were
plenttful In this environment of medical opportumty Skoda elevated
phystecal diagnosis to 1ts greatest heights His classic work, Abhandlung
uber Perkussion und Aushulfation appeared sn 1839

Shod’s ehinic was one of the most popular of the day and attracted
students from all over the world One of the last American students to
attend Skoda s clime was the late Charles H Hoover who lost his hfe m
the Cleveland Chnie tragedy of 1927

Many others of course have participated i the development of physt
cal diagnosis—they are too mumerous to mention here In the hight of
the accomphshments of all these ilustrious predecessors 1t 15 discouragmng
to find the science and the art of physical diagnosis threatened mto sub
servience by an almost mexhaustible array of mechamstic diagnostic ad
juncts
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Introduction to Discases of the
Cardiovascular System™

Introduction  One of the most useful contributtons to progress in the
study of disease 1s a proper defimtion of terms and a classtfication of diag
noses based upon a complete analysis of the various syndromes In cardio
vascular disease this has proved most practical by desenibing the diagnosis
of each case from the standp of the etiol 1 factor ble for the
disease the changes in the structure of the tissues or organs involved the
disturbances of their function and the interference by the disease with
bodily actiity By including 1n this way a fourfold explanation of the
status of the heart or blood vessels we avoid vague categones of the past
which have described only one aspect of the disease such as mtral regurg
tation’ “auncular fibnllation  dropsy or intermittency of the pul<e
Therefore for satisfactory diagnosis of the condition of a patient suffering
from heart disease at least one subheading from each of the four mamn
dmsxons of the followmg classification must usually be included This

hat those previously published but corre
sponds 1n the main to the latest outline prepared for the Amencan Heart
Association **

ETIOLOGICAL

Congenital Cardiovascular Defect This 1s an unesplamned aberration of
development thought to be due generally to faulty germ plasm and rarely
to imntrautenne infection

Recent studies have shown an apparent relationship between the com
bmation of 1 cat: and certamn tal heart lesions and
infection of the mother by German measles duning the first two or three
months of pregnancy It 1s possible that other virus infections of the

The classification presented has been found useful for cardiovascular diagnosis
1t 13 based prunanly on the ongtnal paper of White P D and Myers M M
JAI\(A 77 1414 (Oct 29) 1921
* This ehiologic grouping covers the c!uel' factors responsible for heart disease
but 1t must be granted that no can cover all
conditions in which the heart may be involved acutely or temporanly or through the
mfluence of some generalized disease such as scleroderma For example diseases
Tesulting 1n profound changes 1n blood viscosity or hemoclastic ¢rises may affect the
ntrinsic cardiac cnculatmn as they may the cerebral circulation Thus 1t seems
better to speak for instance of the heart :n malana rather than malanal heart
disease or the heart in polycythemua rather than polycythemia heart disease

97
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mother dunng early germinal layer formation of the fetus may be of 1m
portance 1n the genesis of congemtal anomalies of all types

Rheumatic Involvement of Heart or Blood Vessels Widespread damage
of the heart often accompames the rheumatic infection, the cause of which
1s unknown A filter passing virus has been suggested as the agent

Some relationship allergic or otherwise, evidently exists between rheu
matic fever and infection with the hemolytic streptococcus  In its epidemic
form 1t often follows scarlet fever and other streptococeal infections 1n
large groups of susceptible individuals such as occurred mn traning areas
m World War II

a Rheumatic fever (polyarthntis) ¢ Inflammatory rheumatism

b Sydenham’s chorea, ¢ St Vitus’ dance ”

¢ Indefinite systemic type ( growing pamns,” tonsilhtis or pharyngitis
gastrointestinal disorders epistaxis pulmonary mflammation and cutane
ous or subcutaneous festations such as nodules erythema multiforme
and purpura)

Bactenial Infection (specify bacterum if possible)

a Acute (Streptococcus hemolyticus staphyl P occus,
g Baaill fl cus some fungus orgamisms
viruses nickettsiae etc) Such acute infections may involve any or all
parts of the heart or may be primarily valvular myocardial, or pericardial

b Subacute (usually hemolytic—Strep viridans—type of
endocarditis but including other mfections such as tuberculosis of the
pericardium)

Although the difference between the acute and subacute types of bacte
ral endocarditss 1s largelv a matter of the duration of the disease the types
differ also in the fact that the acute type 1s usually 1 comphcation of an
acute septicerma and often affects previously umnyured hearts whereas the
subacute type 1s much more likely to attack heart valves damaged by
rheumatism and to have an unexpected and insidious onset

Syphilis Ths affects most commonly the first portion of the aorta, less
often the heart muscle and the arteries of both greater and lesser crcu
lations

Virus Infection  Virus diseases are 1n rare cases the cause of a true
myocarditis Influenza and mumps, for example may produce myocardial
inflammation and German measles 1n the fetus may result in permanent
defects 1n development of the heart The virus of influenza has been con
sidered responsible for at least some cases of Fiedler's (1solated) myo
carditis

Infestation by Animal Parasites This includ my dal 1nvol t
n trich and tryp and by fluhes and echinococcus
cysts It 1s very rare n the United States

Thyroid Diseose @ Thyrotoxicosis Long continued overactivity of the
thyroid gland may result 1n fatigue of the heart from tachycardia and the
onset of aunicular fibnllation The hypothesis of a true tovc effect from
the abnormal secretion of the gland s unproved

b Hypothyroidism Myxedema has been held responsible 1 some cases
for marked cardiac dilatation and weakness and commonly for low voltage
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curves by electrocardiograph Cases treated satisfactonly by thyroid med:
cation have shown sometimes strihing decrease 1n heart size by x rays and
always improvement 1n the electrocardiographic complexes

Hypertension a Systemic Prolonged hypertension results charactens
tically m cardiac hypertrophy chiefly of the left ventricle and finally
failure from fatigue of the muscle with or without the complication of
coronary artenosclerosis

b Pulmonary Factors mcreasmg the tenslon 1n the pulmonary areut
such as mutral st y fibrosis and primary
disease of the pulmonary vesse[s (Ayerzas disease), may cause hyper
trophy and failure of the night ventricle (chronic cor pulmonale ) Acute
cor pulmonale 1s caused by massive or multiple pulmonary embohsm

Atheroma and Sclerosis a Coronary Disease Degeneratne changes of
the coronary vessels appear responsible for the ymp of angina
pectons and their further extension for coronary thrombosis Slower oc
clusion with the development of compensatory circulation may result mn
cardiac weakness or may cause no symptoms

b Valvular Sclerosis the sequel to atheroma or calcareous disease of the
valves (chiefly mitral or aortic) results in murmus of regurgitation or ob
struction dependent upon the degree of the process It 1s not known how
often such changes are preceded by infection of the valves

¢ Penpheral Artenal Atheroma and Sclerosis are causes of vascular but
not of cardiac disease

Toxins ¢ Mineral toxin

b Bactenal toxm (diphthena focal infection pneumoma or other acute
disease)

¢ Other organic toxins (tobacco caffeme digitalls mushroom toxin
azotemia, etc)

Neoplasm (Primary or Secondary)

Trauma Valve rupture gunshot or stab wounds contusions etc

Irritabiity @ Neurocirculatory asthema  Soldiers heart’  Effort
syndrome This 15 a common disorder of cardiovascular action 1n which
symptoms of fatigue appear without adequate cause No orgamic disease
can be discovered 1n the heart If not identical with 1t 1s closely associated
1n most instances with an anxiety state

b Arrhythmias of unknown (? nervous) ongin

Cardiac Neurosis This 1s 2 mental attitude toward cardiac disease with
or wmithout orgame or functional heart disorder charactenzed by appre
hension and related to anxiety states but rarely to hystera or other
psyct The lants are not tent with the cardiac findings
or are exaggerated beyond the normal by fear

Miscellaneous and Indefimte Causes ¢ Anemia With marked lower
g of hemoglobin from primary or secondary anerma there are symptoms
of breathlessness and tachycardia with cardiac dilatation and often mur
murs of funct\onal type Changes 1n heart muscle { tigenng ) also occur
In sickle cell anemua there 1s the added factor of small vascular occlustons
of the coronary arcuit

b Obesity and Fatty Infiltration ‘Fatty Heart The symptoms of
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cardiac type in obese mdividuals are largely due to fatigue and “effort
syndrome ” but i certain cases large fat depostts 1n or about the myo
cardium especially of the right ventricle, may embarrass 1ts action

¢ “Athlete s Heart” Itis doubtful if a normal heart can be injured by
physical activity, but in certam cases prolonged exertion as mn long dis
tance runmng or skt racing, results in cardiac hypertrophy Much of what
1s attributed to “athlete’s heart’ 1s, however due to nervous reactions
from competitive effort

d Deficiency Diseases In dietary deficiency diseases, such as nckets
and benber:, myocardial changes have been demonstrated Excess of such
food factors as cod liver o1l and wrradiated ergosterol has, on the other
hand been shown expenimentally to injure the heart

e Scleroderma may become so generahzed as to involve heart muscle

§ Hemachromatosts can produce myocardial changes by foreign body
reaction to blood prgment deposiion m the heart muscle

£ Semle In the absence of obvious coronary disease advanced age may
be associated with changes (dehydration pyknosis etc ) of cardiac muscle
which attend the general weakemng of the body and make 1t less able to
withstand such strains as mfection and surgery

Unknown Certain obscure cardiovascular conditions still exist which
it 1s only possible to call of “unknown’ cause They should be classified
m this way to stmulate further imnvestigation The most frequently ob
served 1s the heart showing unexplained enlargement often preponderant
night ventricular dilatation

Possible Heart Disease  Cases 1n which signs or symptoms exist which
are not explicable by present methods should until capable of classifica
tion, be called ‘possible’ heart disease

Potential Heart Disease This term 1s limuted almost entirely to pa
tients who have had rheumatic infections but who, up to the time of
examination have shown no cardiovascular disease The term may be
apphed also to untreated chronic cases of thvrotoxicos:s and ta syphilitic
patients who have recerved hittle or no treatment

STRUCTURAL
Dispiucement of Heart
a Congemtal (dextrocardia or ectopra cordis)
b Acquired mechanically
Change in Size of Heart as a Whole or of Individual Chambers
a Atrophy of heart
b Hypertrophy
{a) Eccentric
(b) Concentric
¢ Dilatation of heart
(2} Eccentnic
(b) Concentric
Myocardral Disease (Acute or Chronic)
e Congenital defects
b Inflammation (diffuse or lacalized)
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c
d
e
f

g

Fibrosis

Fatty change (infiltration or degeneration)
Infarction (1schemic necrosis)

Calafication

Neoplasm

Cardiac Aneurysm

Cardiac Rupture

Congenital Anomalies of Cardiac Chambers or Septa

Endocardial Disease (Acute or Chmmc, nvolving valves, mural endo
1

papillary les or

a
b
c
d

a
b
c

Congenital defects

Inflammation

Sclerosis

Valvular deformty

(1) Mitral—nsuffictency or stenosis
2) onhc—msuﬂic:ency or stenosis

(3) Tr d or st
(4) Pul Y 'y or st
Pericarchal Disease {Acute or Chronic)

Congemtal defects

Inflammation

Effusion (state type of flnd) with or without constriction of the
heart itself

Adhestons with or without constriction of the heart 1tself
Calafication

Pneumopencardum

Neoplasm

e R,

Vascular Disease

a

Coronary vessels

(1) Congemtal anomaly

(2) Inflammation

(3) Atheroma

(4) Sclerosis

(5) Aneurysm

(6) Embolism

(7) Thrombosis

{8) Periartenitrs nodosa

Aorta

(1) Congemtal anomaly especially coarctation and nght sided
or double arch

(2) Inflammation

(3) Atheroma

(4) Sclerosis

(5) Dulatation or aneurysm

(6) Embolism

(7) Thrombosts
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(8) Medial necrosis an important finding 1n cases of dissecting
aneurysms of the aorta

(9) Senile ectasia
¢ Pulmonary artery
(1) Congemtal anomaly
(2) Inflammation
(3) Atheroma
(4) Sclerosts
(5) Dilatation or aneurysm
(6) Embolism
{7) Thrombosis
Peripheral arteries
(1) Congenttal anomaly
(2) Inflammation
(3) Atheroma
(4) Sclerosis
(5) Dilatation or aneurysm
{6) Embolism
(7) Thrombosis (thrombeangutis obliterans)
(8) Penartentis nodosa
e Disease of veins, capillaries and lymphatics

Undi d Card Tar D

au

FUNCTIONAL

Normal Mechanism of the Heartbeat and Its Disturbances 'This sec
tion includes changes in the activitv of the heart which 1n many instances
can be accurately analyzed only by the electrocardiograph

@ Normal rhythm and changes of vagosympathetic ongin  Under this

heading are the disturbances which occur from an exaggeration of
the activity of the nerves responsible for accelerating or slowing the
pace malking function of the sinoauncular node
Normal rate—usually seventy to eighty per minute
Sinoauricular Tachycardia This 1s the response to such factors
as exertion, emotion, fever hemorrhage asphyxia thyrotox
cosis cardiac failure vagal paralysis or sympathetic stimula
tion which results in a rapid heart rate under control of the
normal pacemaker The rateis between 110 and 175 per mmute
Smnoaunicular Bradycardia This 1s also a normal response of the
heart by slowing to such factors as rest convalescence jaun
dice nausea, or vagal simulation The rate 1s under fifty per
mnute
Sinus Arrhythmia During respiration there 1s a normal reflex
change in vagosympathetic tone which results 1n an inspiratory
quickering and expiratory slowing of the heart called sinus

arthythmia Rarely this sinus arthythmia 1s not related to
respiration
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Sinoauricular Standstill With marhed vagal hypertonia the smo
aunicular node may be so depressed that at intervals 1t does not
imtiate an mmpulse Thus the node 1s said to be blocked or to
be at a standshll

Wandering Pacemaher In certain cases the pomnt of impulse
formation 1n the auncle may be shown by electrocardiograph
to change 1ts position phasically or irregularly This appears
as an alteration of the auricular (P) wave

Ventncular Escape {Aurnculoventnicular Nodal Escape) When
the mmpulses arnving from the sinoauncular node are much
slowed or when the auniculoventricular node 1s irritable 1t may
‘escape and cause the ventricles to beat at the same time as
as the aurncles or to precede them

Aunculoventncular Nodal Rhythm If the aunculoventricular
node becomes irntable or the smoauricular node much de

pressed the former may become the pacemaker for the whole
heart and the ventricle may beat constantly before or syn
chronously with the aurncle
b Disturbances of the pacemaking function
Premature Beats Irntable foci in various parts of the heart may
mtiate single or multiple beats at rates faster than the sino
auncular node or prolongation of the refractory period with
delayed response of certain areas of the heart muscle may resulé
n single or multiple circus movements 1n one or more direc
tions The onigin of these beats may be
(«) Auncular
(8) Ventrcular
(1) Junctional
(2) Unknown
Paroxysmal Tachvcardia If the irntable focus or area of bloch
produces impulses 1n a connected series a paroxysm of rapid
beats may occur These may also be
{a) Aurcular
(B) Ventricular
(Y) Junctional
(3) Unknown
Auricular Flutter This disturbance 1s probably due to a ar
cus movement or wave of excifation crculating about the
great vemns at the base of the heart and sending off impulses
regularly to the rest of the heart at a speed between 200 and
400 per minute A regular grade of block usually exists between
the aurtcles and ventnicles The condition may be
(@) Paroxysmal
(8) Permanent
Aurncular Fibnillation  This rhythm 1s a more advanced stage of
the circus movement than auricular flutter and more rapid
(average rate n the auricle 300 to 600 per minute) and irregu
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lar An 1rregular degree of block exists between auricles and
ventricles
(o) Paroxysmal
(8) Permanent
Ectopic Auncular Rhythms of Other Nature Than Paroxysmal
Tachycardia, Auricular Flutter, or Auncular Fabrillation Such
thythms are of obscure mechamsm, best explained as under
b (1) above and are relatively rare
Ventncular Fibnllation This rhythm 1s not compatible with hfe
for more than a very short time and has been rarely proved by
electrocardiograph, although 1t may be a common terminal
state of the heart muscle Its mechamsm may be sumlar fo
that 1n the auncle in aurncular fibnllation *
¢ Disturbances of Conduction
Shortened aunculoventricular conduction time (short P R inter
val) may be found 1n rare cases 1n association with abnormally
wide QRS waves, resembling those of bundle branch black, m
apparently normal individuals subject to attacks of paroxysmal
tachycardia or aunicular fibnillation
Aunculoventnicular Block
(a) Partial
[1] Prolonged conduction time (over 02 sec) between
auricle and ventricle
[2] Occastonal dropped beats (failure of the ventncle to re
spond to every aurtcular impulse)
[3) High grade block (suchas2 1,32 31 ¢ 1,etc)
(8) Complete Idioventrnicular Rhythm The aunicle and
ventnicle are entirely dissomated, the ventricle beating
at a rate usually between 20 and 40
Intra aurcular Block (produced 1n experimental animals but not
clearly demonstrated yet 1n man)
Intraventricular Block
(2) Incomplete bundle branch block
(8) Bundle branch block (nght or left) (The present pre
ponderant opmion 1s that i left bundle branch block
the R wave in Lead I 1s upnght and in Lead III inverted
The reverse apples to right bundle branch bloch)
Abnormal Electrical Axis Deviation (Right or Left) Dewiation
of the electrical axis to the nght (snverted R 1n Lead I and up
right 1n Lead IIT) 1s found 1n the vertlcal type of heart asn
tall thin mdividuals wath low d: and 1n persons hav
mg night ventrcular enlargement {due to mutral stenosis con
gemtal pulmonary stenosis ‘ cor pulmonale’ etc) Dewviation
to the left (upnight R i Lead I and deeply inverted in Lead
IIT) 15 found 1n those with the horizontal type of heart or with

* An almost regular rhythm mtermedwte between veniricular tachycardia and ver
tricular ‘which flutter may be found in parot
3sms ot prior to the termmal 1 xhyihm of
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left ventricular enlargement (due to hypertension sortic re
gurgitation or stenosis etc )

Faulty Cardiac Efficiency
e Congestive failure
b Pulsus alternans
¢ Neurocirculatory asthema
d Valvular incompetency
(1) Mitral
(2) Aortic
(3) Trcusprd
{4) Pulmonary
e Angina pectons a reaction of the heart to coronary msufficiency
f Adams Stoles syndrome

Faulty Vascular Efficiency
a Hypertension
b Hypotension
¢ Vascular spasm (cerebral crises Raynaud s disease)
d Vascular dilatation (vasomotor shock)

CARDIOVASCULAR ABILITY

1 Patients with organic heart disease able to carry on ordinary physical
activity without discomfort
2 Patients with organic heart disease unable to carry on ordinary
physical activity without discomfort
{a) Actiity shghtly hmted
(b) Activity greatly imuted
3 Patients with organic heart disease and with symptoms or signs of
heart fatlure when at rest unable to carry on any physical actiity with
out discomfort
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The Noimal Heait

Introduction The heart may be considered normal (L normalis from
norma rule or pattern) provided 1t conforms both 1n function and struc
ture with the pattern determned from the exarmination of the hearts of
healthy individuals The limits of the norm or standard are established
through tnspection }f percusston l and by special
methods such as roentgenography electrocardiography determination of
arteral and venous pressures, Qi 1on of the cireul time
cardiac output per minute ntracardiac pressures and tension of the
blood gases

Inspection Inspection of the normal individual usually indicates the
absence of such signs of arculatory or cardiac disorder as cyanosis
dyspnea orthopnea and edema of the dependent parts Peripheral
pulsation the degree of which can be delimited for the normal subject
only by examination of many healthy individuals may usually be seen
over the carotid arteries under the outer ends of the clavicles (sub
clavians) 1n the episternal notch (innomnate) and frequently over the
brachial arteries especially 1n elderly subjects Rarely the radial pulse
15 visthle  While the venous pulse 1n the neck consists of three naves—
2 ¢ and v—only two are distinguishable customarily with the naked eye
viz a and ¢ deviation from the normal appearance of the jugular waves
may throw important hght upon the condition of the heart Certan
normal individuals especially under conditions favorng pempheral vas
cular relaxation show capillary pulsation

The precordium 1s relatively promment upon the chest wall in about
one of each four normal mdividuals allowance should be made for this
normal dewviation from the average chest conformity in estimating the
prominence due to such conditions as cardiac hypertrophy pericardial
effusion aneurysm or pleural effuston The pont of maxumum intensity
of cardiac impulse (PMT1) may be found in most individuals 1n the
fourth iterspace when recumbent 1n the fifth when erect Unless there
be an unusual body configuration the P M1 1n health 1s not over 9 cm
(3% inches) to the left of the mudsternal line 1t 1s usually less
according to the size of the subject The impulse n this region 1s usually
caused by mght ventricular thrust though the left ventricle forms the
anatomical apex of the heart When the subject assumes the left lateral

Py
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decubitus, the heart fallc toward the left and the PM T may shift later
ally approximately one half as far as 1t had been distant from the median
line when the subject was supine

With the patient i the right decubitus, the PM T moves tovard the
midiine, and 1ts distance therefrom 1s usually about one half as great
as when the patient 1s supine Pathological displacement of the PM 1
may be caused by one or more of various conditions of the heart medias
tinum pleural or abdominal cavities Normally, the impulse may be
masked by a thickened chest wall (obesity) or by overlying lung
(emphysema) It may be exaggerated in a patient with a thin chest
wall, or mn the presence of rapid forceful heartbeat caused by exercise,
fever or the use of tobacco or coffee While the PMT consists of a
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FIGURE 1 Spectral phonocardiograph Normal heart sounds Thirty two year
old man Apex (From Johns Hophins Hospital Bulletin 95 90 [Aug] 1954
Wath permission of Dr Victor A MeKusich )

propulsive thrust it should be remembered that retraction may occur
normally inside the PM 1 and in the interspace abore 1t The impulse
atself consists normally of a single systolic fornard thrust, there being
no visible cardiac movement 1n drastole

Palpation The imtial palpatory procedure should consist of laymng
the hand flat agunst the precordium so as to mnclude the PM I, allow
g the fingers to conform to the contour of the chest Such examuna
tion throws hight upon the general activity and size of the heart and axds
m locating the PMI which may be found more accurately through
careful palpation with the finger tips Shocks produced by closure of
valves and thnlls can be distingmshed best by means of the ngid palm
of the hand the fingers should be hyperextended as far dorsally as posst
ble thus permitting the wibration to be transmutted to the hones of the
hand Following exercise or other simulus a normal heart may transmit
a certamn distinct Jar to the hand palpating the PMI such a phenome
non however lachs the truly snapping and clearly cut qualty such as
15 found in mutral stenosis A fapping impact associated with a normal
heart may be felt over the pulmomc valve area :n emphysema or other
obstructive pulmonary condition, such a shock 1s synchronous with 2
second sound In the presence of hypertension congemtal stenosis of the
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aorta or aneurysm a diastolic shock may be felt at the aortic area
though the heart may otherwise be normal A true thnll 15 a vibratory
sensation (described by Laennec as a cats purr) that 1s assocated with
various cardiac discases the normal heart may under excitement cause
a fine vibratory sensation to be transmitted to the palpating hand dunng
systole but this 1s rarely sufficiently pronounced to suggest the thnll
of cardiac disease

The Pulse For purpose of convemence the radial pulse 15 examined
n preference to that of other vessels and such examination may throw
valuable light upon the condition of the heart Examination should be
made with the finger tips and the following qualities noted tolume of
the vessel itself and of the pulse wave rhvthm tension rate per minute
special characters of the pulse and condition of the vessel wall finally a
comparison of the two radial pulses 1s made In the consideration of such
features of the pulse as volume tension and spectal charactenstics 1t 15
well to remember that the volume and tension and many of the distin
guishing qualities depend upon (1) the rate of cardiac contraction and
the volume of ventncular output with each systole (2) the degree of
elastiaity of the arterial walls and the patency of the lumen (3) the de
gree of penipheral resistance

Volume By volume 1s understood the apparent size of the pulse wave
as 1t passes the palpating fingers Volume may be modified in health under
varnous conditions for example 1t may be small under conditions favorng
vasoconstrichion such as chilling or large after exertion or excitement and
under conditions favoring peripheral vascular relaxation

Rhythm Arrhythmia 1s found commonly 1n normal hearts especially

among children That most f ly d consists of
tion duning inspiration retardation dunng expiration—sinus arrthythma,
this type may be d by 1ts d when the breath s held

or after paralysis of the vagus effect by atropine Arrhythma independent
of resprration 1s sometimes found especially m children and may suggest
the complete arrhythmia of auncular fibrillation Intermuttent pulse due
to precocious cardiac systole ( extrasystole ) 1s common among normal
ndividuals the condition 1s often most p d when the individual 1s
resting (as after retinng) or after excitement fatigue or as the result of
constipation distention pregnancy or excessive use of coffee tea or
tobacco It 1s common among infants durng the first few days of life 10
Precocious systole following each normal contraction of the heart causes
bigeminal pulse provided the premature beats reach the wnst If the
premature contraction occurs after each two normal systoles or if two
premature contractions follow regularly after one normal systole a trngem

mal rhythm 1s established As a general rule a premature contraction of
ventncular ongm 1s folloned by a pause that 1s roughly as much longer
than the usual diastohic pause as the preceding premature systole was
premature Such a prolonged diastolic pause 1s spoken of as a compen

satory pause  Auncular premature systoles are followed by an mcom

pletely compensatory or by a normal diastolic rest period
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Tension 'The propulsive power of each cardiac ejaculation, together
with the resistance of the penipheral vascular bed and the elasherty of the
arteral wall produces a considerable degree of pressure wathin the arteries
To estimate tension the pulse 15 felt with the fingers of both hands,
pressure 15 exerted with the fingers of the proximal hand until the pulse
1s no longer palpable with the distal hand The pressure necessary to
compress the pulse indicates the arterial tension

Rate The rate of the pulse at rest 1s given as sixty six per minute for
normal men and sevents four for women these figures having been denved
from more than 2500 observations on about 1200 subjects 17 The pulse 1
normally more rapid 1n childhood, following exercise or under conditions
of mental exaitement Fever usually accelerates the pulse rate to a
degree of about ten beats per minute for each degree of fever (F) Par
otysmal tachycardit may occur 1n an individual with an otherwse normal
heart

Vessel Wall No examnation of the pulse 15 complete without palpa
tion of the vessel wall Atheromatous changes are indicated by mereased
nigidity of the vessel with tortuosity and palpable calcium deposits caus
mg a ‘goose neck ” or nodular vessel

Percussion The precordial area 1s percussed for the purpose of deter
muning the extent to deep cardiac dulness which marks the approuimate
border of the heart and the superficial cardiac flatness, which represents
that portion of the heart not covered by lung In outhning the deep dul
ness mediate percussion may be used In this method the percussing or
plexor finger strikes a finger of the other hand known as the pleximeter

Or wmmediate or direct percussion may be employed the strohe beng
made with the finger tips directly aganst the chest wall Either method
15 suitable though indirect percussion 1s the rule The pleximeter finger
15 first laid against the chest wall parallel to the expected border of the
heart at a pomt well outside the probable limut of dul The
taps the pleximeter finger with the plexor finger, moving the plexmeter
finger gradually toward the heart The percussion note or normal lung
resonance becomes duller as soon as the pleuimeter finger reaches the
cardiac border The size of the normal heart will be descnibed later n the
article on Roentgenology of the Heart and Great Vessels Percussion may not
be expected to permut the delimiting of the heart with less than 0 5 to 1 cm
error on each border left and nght In adulis the normal cardiac dulness
should not extend more than 10 cm to the Jeft or more than 4 5 cm to the
nght of the rmdsternal Ime though there may be a shight exaggeration of
these measurements 1n individuals whose hearts lie more than ordinarily 0
the transverse position due to some such condition ag abnormal obesity
or distention

The superfiaial cardiac flatness can be delimited only through very hght
percussion  In normal individuals a portion of the heart roughly as large
as a sitver dollar 1s not covered by lung, hence percussion of this part of
the precordsum produces a perfectly ‘flat note This area begins at the
junction of the fourth left nb with the sternum and extends outward and
downward mn a convex curve
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The relative value of vanous methods for estimating the position of
the left border of the heart has been compared with the chimeal localiza
tion of the apex by mnspection and palpation with percussion of the left
border, and with the roentgenogram (seven foot technic) 1v Companson
of percussion and roentgenogram of the left border in eighty two cases
showed an average difference of 1§ ¢cm 1n measurements of individual
cases by the two methods In certam cases in which x ray examination
was not practicable localization of the apex by physical signs was found
satisfactory In a senes of thirty cases roentgenograms showed the heart s
shadow beyond the palpated P M I 1n nineteen while 1n eleven the PM I
lay outside the cardiac shadow Lutonlv Tuded that d. tion
of the left border by palpation of the apex and percussion 1s of value 1n
addition to < ray measurements

In infancy and childhood the left ventnicle about equal in size to the
nght at birth, becomes approximately twice the size of the night ventncle
at the end of the first six years of Iife 1¢

I A b 1 steth pe fitted with a bell or diaphragm
chest piece or with both 1s most smtable for the auscultation of the heart
To be disregarded are noises from without (to exclude which the ear
pieces must be sufficiently large to fill the external auditory canal com
pletely) skin friction sounds hawr sounds (petrolatum may be applied 1f
necessary to mask frichion against the hair) jomt sounds from the exam
mer s fingers or from the patient muscle sounds (the patient must be re
laxed warm) and the superficial slap of the heart

Sounds The sounds of the heart are usually two traditionally repre
sented by the syllables lub for the first and dupp for the second
sound Systole which occupres the pertod after the first sound and before
the second lasts for approximately 037 second while diastole 1s about
0 48 second 1n length varymg with the heart s rate A third sound which
has been found mn 509 per cent of young adults ”! was present among
healthy solchers 1n 23 6 per cent 1 This sound 1s soft low pitched and 1s
best heard with the subject supme or in the left lateral decubitus It 1s
most clearly audible at the PM T or just inside and 1s associated 1n some
manner with ventncular filling (end of active diastole about 013
second after the beginning of the second sound)

The first sound at the apex may be exaggerated as a result of exertion
fever and nervousness and 1s normally louder in young people than in
older The pulmonic second sound 1s usually louder than the aortic before
twenty years of age between twenty and thurty the predominance of one
sound over the other 15 about equally frequent after thirty the second
aortic sound 1s usually louder

Reduplication of ether first or second sound may occur in health Re-
duplication of the first 1s uncommon (about three per cent) and 1s appar
ently due to impact of the heart agamst the chest wall 1t usually dis
appears or becomes less marked when the subject hes upon the back Such
reduplication consists of two rather loud sounds of approximately equal
intensity At tunes a normal presystolic sound may be heard 2 the sound
usually below the level of audibiity follows shorily (0 02 second) after
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the beginming of auricular contraction and precedes the first sound by
ghout 0 01 second It may be associated with “tension of the ventricular
walls ” Reduplication of the second sound 1s common 1 health especially
during deep respiration  As a rule, 1t 15 probably due to a retardation
of mght ventricular emptymg with delay 1n closure of the pulmonic as
compared waith that of the aortic valve

During World War I, 1n the course of exammation of soldiers on active
duty, Kmng?2 found vanous auscultatory phenomena, their frequency of
incidence bemng shown by the table that follons

TABLE 1

AuUscULTATORY PHENOMENA OF 500
SupposebLY NorMmaL HEARTS

No Per
Cases Cent
Third heart sound 1ns 236
Reduplication of first sound at apex 16 32
Systohic apieal click 2 04
Svstolic murmur at apex present 1n recumbent posture absent in
erect posture 65 130
Card, v systolic Iimyted to
At apex 16 32
At conus arteriosus 4 08
At aortic area 3 06
Cs y systohc present 1 both inspiration and
expiration
At apex 13 26
At conus arteriosus 5 10
At aortic area 2 04
Accidental systolic murmurs
At conus arternosus 70 140
At aortic area 31 62
Card. 'y dhastolie
Near aortic area 3 06
Near conus 1 02
Near apex 0 00
Extrasystoles 9 18
Reduphicated second sound at conus area 23 46

Systolle Click Occasionally a sharp superficial, dry, chching sound 18
heard at or near the PMI It may occur at any time durng systole
While 1t 15 not aflected radically by wmspiration 1t does occasionally dis
appear when the subject 1s supine, which lends strength to the wniters’
impression that 1t 1s an dental ext diac p} Though 1t
may be found rarely after acute pericarditis 1t has no apparent signif
1cance

sternal Crunch  Eather heart sound or both of them may be associated
with a superfictal crunching sound when the stethoscope 1s placed at the
lower left border of the sternum This has been said to be due to friction
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of the heart against certain superficial structures notably the penicardio
diaphragmatic hgament ! This sound may be prolonged into a squeak
closely resembling a murmur and may be mstaken for the murmur of
mutral mnsufficiency The crunch s heard best when the subject leans
fornard and ts intensity 1s decreased as a rule when the supine posture
15 assumed 1t may disappear altogether 1n this posture The fact that the
sternal crunch 1s at times quite loud over a dilated or hypertrophied
heart has led some observers to the fallacious assumption that the sound
1s an 1ndication of heart disease however the frequent occurrence of the
crunch among perfectly normal mdinduals leaves no doubt that 1t 1s of
no pathological significance The erunch may also be particularly mtens<e
mindviduals with flat or funnel chests

Normal Murmurs An apical murmur heard with the subject in the
recumbent posture 15 not uncommon 1ts prompt disappearance when erect
places the murmur at once among normal cardiac phenomena It gives
the distinct impression of onginating within the heart the question has
been raised of whether 1t may be due to a real but shght mitral incom
petence that 1s to be considered physiological 1n certain mmdividuals -~

Cardiorespiratory murmurs limited to inspiration, may be heard at the
apex or base outside or just inside the apex and m the left lower thoracic
region behind They are caused by impingement of the heart as 1t moves
in systole aganst the lung, causing a systolic accentuation of the inspira
tory breath sound They are apt to be loud over the lingula pulmonalis,
just mside the cardiac apex and are usually best heard with the subject
erect They may disappear altogether when the supine position 1s as
sumed As a rule they disappear when the breath 1s held in insprration,
if they do not disappear they are sufficiently modified by this procedure
to allow recogmtion Any murmur limted to the mspiratory phase of
respiration should be considered to belong to the category of cardio
resprratory murmurs

The examuner should observe the precaution to have the subject hold
the breath after insprration through several cardiac cycles 1n certain
individuals the murmur may persist temporanly after full inspiration but
will fade away 1f the lungs are hept full over several heart beats

Graphic Apolysis of Heart Sounds Further refinement of the graphxc
representation of heart sounds 1s p: ded by the spect
graph 16 (see Figure 1) The sounds are piched up by a mucrophone
applied to the precordium and pass through a battery of filters each of
which 15 tuned to a particular frequency pass band Each filter lets
through only energy 1n 1ts particular frequency band In turn each filter
activates a small hight behund a rotating phosphorescent belt The record
has the time d as the ak and freq: spectrum as ord:
nate Intensity s mdlcated by the blachness of the mark

The spectral pl h  thus ot d 15 the 1 to
phunocardmgmphy of the suund spectrograph or vistble speech Its

ges over the 11 h are that 1s has dis

tinctive patterns permutting a precise physical defimtion of the numerous
adjectives used 1n deseribing heart sounds and murmurs It promuses fi
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ture value in the teaching of phonocard phy and in objectise differ
entiation of sounds and murmurs which have different pathologic sigmifi
cance but which may sound 1dentical to the ear

X-ray Measurement of Heart It 1s not necessary to go ito details
or techme of this method of arnving at the size of the heart, except to say
that measurements of the normal hearts that are to be discussed are de-
mved from either teleroent, or orthod They mdicat
therefore the actual size of the heart as 1t functions

In attempting to decide whether or not a heart 1s of normal size 1t 13
well that the examuner bear m mind certain peculianties of the normal
heart For example the nght auricle undergoes rapid hypertrophy durnng
the first six weeks of bfe allonance for this natural phenomenon must be
made before diagnosis of auncular hypertrophy 1s made 10

A rery mteresting study of the child s heart denved from yearly x rays
of 246 normal school chidren duning seven school vears shows that the
average median diameter of the nght side of the heart increases steadily
with age m chuldren from two through thirteen years of age being greater
m girls than in boys Before the age of seven the guls heart 15 larger
than the boy s after the age of eleven the condition 1s reversed The
transverse width of the heart vanes between 7 and 8 2 per cent of the
height of hoys from two through thirteen years of age and from 69 to
8 4 per cent of the height of girls of corresponding ages There was found
to exist a closer correlation between the size of the heart and herght than
between the size of the heart and age Approximately one-third of the
heart lies to the nght of the midhne i cnldhood The transverce diame-
ter of the heart 15 approumately one half that of the wdth of the chest
and there 1s no change in this relationshup with mecreasing age or height

A schedule of the size of the normal heart i childhood follows

TABLE 2
Transterse Transverse
Veasurement Veasurement
Age Cm Age Cm
Furst quarter year 53 Third year 78
Second quarter year 61 4 to 5 years 80
Second half year 67 6 to 7 years 84
First year 72 8 to 10 years 9t
Second year 72 11 to 14 jears 96

In obese individuals or as a result of such conditions as asates and
abdomnal tumor the diaphragm 1s usually rather high causing the heart
to assume a relatively transverse posthon measurements of a heart of
normal size i this posihion may be greater than those of normal hearts
mn the usual position The relatively transverse heart also shows 2 tend
ency toward filing the left cardichepatic angle A heart of normal 128
may be displaced as a result of scoliosis lateral posture hydro of
pneumothorax and vanous other conditions Hence the measurements of
the heart in either direction if of no significance unless the general con
dition of the patient at that time 1s taken into consideration
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In this section the size of the heart will be considered as 1t 1s mdicated
by the maximum size from the midline to the left (ML) and to the
nght (MR) The greatest t e d ter will be dered the
sum of the two

Important data have been brought out beaning upon the relation of the
transverse measurement of the heart with that of the chest The following
relations exist 8

TABLE 3
Transverse heart measurement 1 huld
Transverse lung measurement 19 ‘" children
Transverse heart measurement _ 1
Transsorse lung measurement 152 '™ 20 year old subjects

Transverse heart measurement
Transverse lung measurement

e

5 1 30 year old subjects

-
|

The figure for the normal heart may be as high as 1 199 Chest
measurements were made from the nibs

The width of the heart, as a general rule should not be greater than
one half that of the chest ¢ but there 1s found 1n the hterature evidence
for a certamn latitude 1n applying the rule Certain roentgenologists feel
that the normal heart may measure as much as fifty five per cent of the
width of the chest in individuals of peculiar body configuration

The actual size of the adult heart at least as far as can be estimated
from a large number of measurements upon the hearts of normal soldiers
has been shown to be as follows 1%

TABLE 4
Height MR ML LD BD Area
Cm Cases Cm Cm Cm Cm Sg Cm
155 to 164 18 40 83 133 99 11
165 to 174 174 41 85 131 102 118
175 to 187 185 43 87 142 107 122

ML Daistance from the mdline to the most distant left border

MR Distance from the mdline to the most distant right border

LD The maximum long diameter measured from the nght auncular notch to the
most distant apical border

BD  The maximum broad diameter measured at right angles from the long diam
eter to the most distant border above and below

Cardiac Qutput According to Grollman® the cardiac output 1s gener
ally acknowledged to be the most important function descriptive of the
crculation It 1s defined as the output of the left ventricle in hiters per
mnute The esiimation of cardiac output at rest and especially during
effort yields mvaluable information 1n dehineating the normal from the
abnormal heart
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Methods based on the Fick principle
According to the Fick prmiciple

Cardiac output equals
0O, 1ntake (m! per min)

Artenal blood O: content Mixed venous blood O_ content

(Vol %) (Vol %)

OR  Cardiac output equals
CO. output (ml per min) % 100

Mixed venous blood CO; Artental blood CO,

(Vol %) (Vol %)

Direct Fick Method By means of nght heart cathetenzation, intro
duced 1n this country by Cournand samples of muted venous blood can
be obtained directly from the right auncle or ventncle As a result of this
advance this so called ¢ direct Fick method 15 at present the most widely
accepted Disadvantages of this method nclude the psychic effect on the
cardiac output of the subject by introducing a catheter 1n the arm and the
difficulty of satisfactory exercise performance with the apparatus n place

The cardiac index or cardiac output per square meter of hody surface
determined by the method of right heart catheterization, was found to av
erage, under basal conditions 3 12 hiters per minute for thirteen normal
males 3 73 hiters per minute for eleven hospitahized males with normal cireut
lation and 299 liters per mimute 1n six hospitalized females with normal
circulation +

Stroke volume can be computed by dividing the cardiac output per
minute by the cardiac rate

Indirect Methods Based on the Fic} Principle These methods do not
require catheterization of right heart Here the assumption 1s made that
the volume of gas absorbed by inhalation 1s a function of the pulmonary
blood flow, hence cardiac output Foreign gases chiefly acetylene,® ethyl
10dide 2° and nitrous oxide!s are employed

Other Methods Dye Didution Methods The principle here s that the
degree of dilution by the blood stream of an injected dye will be deter
miped by the blood flow Dye 15 mjected mto a vein and mulhiple
samples of blood are drawn seconds later from the femoral artery From
the concentration of dye in these samples a dye dilution curve can be
descnbed  Cardiac output may be then determined from the amount of
dye mjected, the duration of the curve and the concentrations of the dye
1n the artersal samples 7 Results with the dye mjection method are more
or less sumilar to those obtamed by the direct Fich method A comparnson
of these two methods revealed a scatter “no greater than would be ex
pected when known maccuracies in both methods are considered ’ 11

Methods Employing Sphygmomanometry Starr!® has provided the
chmaan with a formula for estimating cardiac output from stmple bedside

ts The f la, dersed from cadaver experwments m which
cardiac systole was stmulated, 1s as follows

Stroke volume = 93 - 054 pulse pressure (auscultatory) —047

hiastolic pressure { Itatory) —0 61 age,

diastolic pressure bemng considered the pont of muffing of sounds

X 100
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Circulation Time The carrculation time or arculatory rate may be
measured by a number of simple tests 3

Arm to Mouth Time Sodium dehydrocholate (Decholin) 20 ce 13
mjected 1nto the antecubital vern The end pomnt 1s a hitter taste expen
enced by the subject Average normal arrculation time by this method 1s
18 seconds

Arm to Lung Time In this test ether (05 cc) m salme (15 cc) 1s
1njected into the antecubital ven End point 1s the odor of ether on the
subject s breath The circulation time in this test 1s six seconds

Arm to Brain Time Papavenne affords a switable method of estimating
arm to bram arculation time Pointing out that cyamde probably exerts
1ts typical effect in the carotid sinus the authors report that the action
of papaverine 1s slower and probably indicates the arm to respiratory
center time or the time required for papavenne to affect the vessels of
the bran The end pomnt after injection into an antecubital vemn 15 a
sudden deep mnspiration 1 which the abd 1 les are employed
there may also be a sigh or a gentle exclamation This 1s followed by
flushing, dizziness sense of heat, and tachycardia Forty mg of papav
erne are employed in the test the mjection being given within one
second Normal values for forty one men and nme women without evt
dence of airculatory disease were 154 to 27 seconds (average 20) While
the reaction time 15 distinctly slower than that with other methods, the
papavenne test has the advantage that the observation can be made
without additional injection, 1 a patient who 1s receing mntravenous
therapy with this drug

On the whole the decholin test seems to have gained widest favor,
and 1s 1n common use without senious complications

Intracardiac Measurements By the techme of intracardiac catheteriza
tion direct measurements of pressures within the nght heart are provided
In addition partial pressures of respiratory gases can be deterrmned from
blood samples waithdrawn from the cardiac chambers (Table 5)

TABLE 5

Oxycen CONTENT OF BLOOD AND PRESSURES IN PULMONARY ARTERY
Ricur VENTRICLE AND RIGHT AURICLE OF CoNTROL GROUP OF PATIENTS
(rront DEXTER L et al )

Oxyg n Content Pressure
(Vol Percenty (mm Hg)
ap
Pa Bm
tient | Diognosts | Age | Putmo- | pne | pigne efer o
No 20 | Ventracte | du cte | Fulmo | Bight | pgpy | Chest
7ery | U and | (Upper | 197 | Ayscle | ™)
(tar | p00d | (Urper | drtery | mcte
Stem)
1 |Nodisease |15 146 | 144 | 144 | 8212 [ 326 | 6 | 155
2 |{Nodisease|17| 153 | 148 | 153 {20758 | 200 ] o | 160
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Heait Sounds

Introd In the deration of sound 1t 15 necessary to bear mn
mind that there are two components mnvolved vz the actual vibrations
and the sensation produced by these vibrations Students of sound may
be interested pnmarly 1n either or both When the chimecian practices
cardiac auscultation, he 1s concerned with the auditory sensations pro
duced by the vibrations If on the other hand, he regsters the sounds
by means of a sound recording apparatus, he interests himself i the
physical characteristics of the vibrations In the use of termnology 1t 15
necessary to bear these distinctions in mind Thus intensity and loud
ness of a sound are not mterchangeable terms although as mtensity
mcreases or decreases loudness vares i the corresponding direction
The human audxtory apparatus has so accommodated 1tself to 1ts environ
ment that t mn may be reflected by what
seem to be much less marked changes in loudness Furthermore the
sensation of loudness of a sound may be modified by stimuli diately

g 1t Thus ded t; do not faithfully mrror what 1s
heard on auscultation

The knowledge concerning heart sounds which had accumulated from
the time of Laennec until 1907 when Einthoven published His strng
galvanometer method of registering sounds was based almost entirely on
auscultatory studies since previous attempts at registration had not been
very successful The hterature covermg the period during which this
knowledge was in the making reveals much 1naccurate observation and

ble for certain tions still widely held today
On the other hand the work of some of the great masters of auscultation
notably Potam must command our admiration

Sound registration has made possible accurate study of the time rela
tions of heart sounds with other carchac events thus furmshing data

1 for the und ding of the 2 of production of the
sounds Attempts have also been made to study the physical character
wstics of the vibrations but because of the imperfections of the methods
of registration available great caution must be observed to avoid error
In spite of these Imitations Emthoven 1 Lewis® Wiggers and others
have been able to make notable contribut to the tanding of
heart sounds

a3
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Most of the mmportant heart sound registration studies have been
made by physiologists who were not primarly interested n the chinical
applications of the method, although many facts of chnical importance
have been demonstrated There remain wide gaps in our knowledge
regarding the mechamsms of sounds produced by cardiac action 1n normal
and diseased hearts This discussion 1s an attempt to bring the student
and the practitioner abreast with current knowledge of the subject

The unsatisfactory state of the art of auscultation as 1t 1s generally
practiced becomes obvious to anyone in a position to review the findings
of various exammers of the same patients and the differences m the
conclusions reached following such examinations Nevertheless 1t may
be stated that nearly all these differences of opinion are unnecessary and
due to the fact that many physicians have not ngorously trained them
selves 1 the art of auscultation To acquire this traimng, no supenonty
of senses 1s needed Reasonably normal ability to concentrate normal
hearing, a normal sense of timing and a normal appreciation of such
qualities of sound as pitch and loudness are about all the quahfications
that are necessary Most medical students and practitioners possess all
of them Many errors mn auscultation are those of omission, due to such
tactors as lack of thoroughness of examnation or unfamilianty with
certain types of sounds Most students are apt to muss the low pitched
murmur of mitral stenosis until their attention has been called to this
sound and they have become thoroughly famihar with its charactenstics
As soon as therr receptor mechanisms are trained, they develop proficiency
i the recogmtion of the murmur Today perhaps only a small mnonty
of even well tramed phy I with any ap h to accuracy
such 2 common and wnportant auscultatory finding as gallop rhythm
Nevertheless gallop rhythm 15 nearly always easy to detect after one has
become famihar with 1t The important steps in acquiring skl in the
art of auscultation are (1) to acquire familtanity with the varrous sounds
and murmurs and thewr characteristics (2) where to listen for them
(3) what ers may be emplayed to elictt or accentuate sounds and
murmurs and (4) to educate one’s sense of timing One of the most
frequent errors of interpretation of sounds 1s due to faulty timing

What value sound registration may possess for further clinical research
would be difficult to predict There 1s one field however in which sound
registration studies have a real value Their companson with ausculta
tory findings constitutes an excellent traming method for sharpemng the
auscultatory faculty Recently, there has been a great reawakemng of

mterest on the part of chimcians 1n the study of heart sounds doubtless
due 1n part to improvements in methods of registration

THE FIRST HEART SOUND

It has been established that the first heart sound 1s related to an early
stage of ventricular contraction Einthoven* believed that the sound and
electrical disturbance mn the ventricle begins simultaneously Wiggers®
however failed to confirm Einthoven s observation and believes that the
beginmng of the electrical disturbance precedes the sound
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The assumption 15 generally made that the first sound heard over the
precordium 1s almost wholly left ventrnicular 1n ongin hut studies of
asynchronous contraction and splitting of the sounds such as occur in
ventricular extrasystoles and bundle branch block suggest that the nght
ventricle sometimes contnbutes a larger share than 1s generally believed ¢
Although the night ventricle usually contains much less muscle than the
left and by reason of lower pressure probably does not contract so forcibly,
nevertheless the posttion of the heart 1s such that sounds produced n the
night chamber may be better transmitted through the anterior chest wall
than those from the left side

1t 15 assumed by many wnters that mutral and tnicuspid valve closure
are concerned n the sound production and 1t 1s customary to designate
certain comparatively short high pitched first sounds as having a  valvu
lar quality It 1s probable that the valves close early 1n systole while
mtraventnicular tension 1s stil low There 15 at present no convinaing
evidence to indicate whether or not valve closure contnibutes vabrations
to the first sound The practice therefore of describing certamn first
sounds as valvular 1s open to criticism unless 3t be clearly understood
that the term has no ref to the h of product

A factor which may sometimes contnibute to the production of the
first sound as heard over the precordium 1s the sudden pressure of the
contracting apex agamst the chest wall The importance of this factor
1s also difficult to evaluate but it 1s of interest that in cases with a sharp
apex impulse the loudness of the first sound may sometimes be dimn
1shed by firm pressure with a finger over the area of the impulse

In d ng the h of production of the first heart sound
Wiggers? has stated that sound mtensxty varies directly as the systolic
tension developed within the ventnicles and there 1s good reason to
bebieve with the tension developed durng the 1sometric penod of systole
{the time between the bemnming of ventncular systole and opeming of
the semilunar valves) A companson of the time relationships of the
first heart sound and the dynamic events of the heartbeat demonstrates
clearly that the major portion of the first heart sound occurs before the
semilunar valves have opened The sound would therefore appear to
be synchronous with at least part of the period of nsing tension within
the ventricles A study of the clinical matenal however does not support
the view that the intensity of the sound vanes according to the actual
amount of elevation of ntraventricular pressure during this period
Ewidence bearing on this pomt may be summanzed as follows

1 It has been shown that the marked vanations of mntensity of the
first heart sound usually present in complete heart block depend on the
time relations of aurncular and ventricular contractions ~ These changes
in sound intensity are independent of changes in pulse volume (Fig 1)

Sumilar changes in the first sound are also observed 1n other disturbances
of cardiac mechamism in which varving aurncul nicular relat h

occur such as ventricular escape extrasystoles (both auncular and ven
tricular) and paroxysmal tachycardia ® It 1s easily demonstrable in the
case of extrasystoles that beats with small pulses may have a first sound
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erther decidedly louder or famnter than the adjacent normal beats, depend
mg m part but not entirely upon the aunculoventncular relationship
(Fig 2)

2 In mtral stenosis there 15 frequently a very sharp loud first sound
irrespective of the blood pressure or the vigor of the heartbeat Con
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FIGurE 1 A Complete heart block As the P R intervals decrease the first
sound becomes louder The pulse remains about the same 1rrespective of the
loudness of the first sound B Ventricular escape and minor grade heart block
with vanattons in loudness of the first heart sound depending on the As Vs
Intervals The first sound 13 loud when the P R interval 1s comparatively short
€ Vanations of the first sounds 1n auricular fibrillation In the second and fourth
beats which are relatively premature the wibrations of the first sound are much
larger than m the third and fifth beats The second sounds in these four beats

show lttle vaniation High mitched systolic and low pitched diastolic murmurs
are present

versely, 1in mtral regurgitation the loudness of the first sound tends to
be dimimshed and, 1 many cases the sound cannot be heard even at the
apex though cardiac contraction may be carried out 1n a vigorous manner
and the pulse volume be good

Observations of this type suggest that some other factor must be
concerned 1 determming the intensity of the first heart sound Possibly
the rapidity of mse of intraventricular tension may be more important
than the height of tension developed The point may be illustrated m
the following way If a string 1s suddenly snapped taut a sound may be
produced even though the tension 1s low but 1f the application of tension
1s more gradual the sound will be less with the same or even greater
tenston 'The hypothests as apphied to the first heart sound however
would be difficult to establish since no method 1s available by which the
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rapudity of intraventrcular pressure ne can be determined except 1n
experimental ammals There are some facts however which would
seem to favor the hypothesis

(1) In the case of mutral regurgitation there may be retardation of
the development of intraventncular tension due to leakage of blood
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FIGURE 2 The heart sounds in extrasystolic beats A The first sound 1s
represented by about the same pattern of vibrations in the extrasystoles as mn
normal beats The second sound n the shows small vib, and
the interval between the first and second sounds 1s decreased B The first sounds
are louder 1n the extrasystoles than in the beat with the prolonged P R interval
and normal type of ventneular complex In the first extrasystole the first sound
13 sphit € The extrasystohe first sound 1s much louder thin the first sounds 1n
the beats with prolonged P R interval D Both the first and second sounds of the
extrasystole are spht E The first sound of the extrasystole shows much larger
vibrations than the first sounds of the supraventricular beats m which left bundle
branch block 1s present F The first sound 1s sphit 1n the supraventricular bests
(showing night bundle branch block) whereas 1n the extrasystole 1t 1s single

(and therefore leakage of pressure) back to the left aurnicle during the
early part of systole Wiggers and Feil® have shown that the amount of
this regurgitation must be small Nevertheless their curves of intra
ventricular pressure appear to show that the gradient of rise during the
1sometric penod s less steep when regurgitation s present In mmiral
stenosis on the other hand ngdity of the valve leaflets which holds
them near a posthion of closure may favor the rapid development of
mtraventricular tension (2} The marked differences in the first sound
assoclated with changes 1n auniculoventnicular relationships may be due
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to the effect of auricular contraction on the position of the A V valves
1t has been demonstrated by Dean?® that auncular systole causes marked
changes 1n the position of the A V valve leaflets Constdering this fact
1t logically follows that if the leaflets were near a positton of closure at
the beginming of ventncular contraction intraventricular tension might
be expected to nse more rapidly than if the leaflets were more widely
opened so that some regur@itation of blood (and therefore pressure)
back into the auricles occurred before valve closure
There 1s a widely held clinical view that a loud first sound sigmfies
a strongly acting heart and a weak sound a feebly acting heart Wiggers?
has supported this view stating that the relative intensity of the sounds
may be safely used as a chimcal 1ndex of the vigor with which the ventnicu
lar contraction 1s carned out There 1s some clinical evidence in favor
of 1t (1) In hearts with small ventricles showning quick wide excursions
under fluoroscopic examnation the first sound tends to be loud and
sharp On the other hand when the ventricles are enlarged and their
excursions msignificant the sound 1s frequently famnt (2) Dunng con
ditions of marked depression of the arculation such as are produced
by surgical shock or severe infection, the first sound may be fant but
with the onset of recovery and restored cardiovascular function 1t becomes
much louder
On the other hand the effects of A V time relationships and diseace
of the mitral valve on the first sound do not support the view that the
relative intensity of the first sound may be safely used as a climical mdex
of the vigor with which ventricular contraction 1s carned out, unless these
factors are excluded The aurcul tricular relationships and the func
tion of the A V valves 1n many cases are far more important in determun
mg the loudness of the first sound than the actual vigor of contraction
Even 1n auricular fibrillation m which the vanable of auriculoventricular
relationships does not have to be considered the loudness of the first
sound does not always vary 1n the same direction as the actual strength
or force of the beat® Thus 1 some cases there may be no sigmficant
change m the relative intensity of loudness of the first sounds even
though great differences 1n successive pulse waves are present This 15
most likely to occur in mutral stenosts In other cases premature beats
with small pulse waves may have first sounds erther louder or fanter
than the less premature beats
In the paragraphs above the thought in mind has been chiefly the
sigmficance of varations of the first heart sound as they apply to single
cases When an attempt 1s made to evaluate the first heart sounds
different cases there are not only the factors mentioned above to deal
with but certain others mm addition Thus lack of synchromsm 1n 1ts
components may markedly modify the intensity of the sound So called
reduphcation or sphitting 18 very common both m healthy ard diseased
hearts Registration of such sounds frequently shows clear cut separation
of two elements ¢ The cardiodynamic studies of Katz!t show that per
fect synchromsm of contraction of the two sides 1s the exception rather
{han the rule and studies of sound records would appesr to bear out
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this view  When slight asynchromsm 15 present but not enough to pro
duce actual separation of two components, there may be merely prolonga
tion of the sound and lessening of 1its intensity This may cause the
so called muffled first sound It 15 present in many cases 1n which there
1s no reason to regard the vigor of cardiac contraction as dimmmshed

Among other factors to be considered are differences in shape of the
chest wall vanations in the position of the heart the vaned composttion
and thickness of overlying tissues and therr damping effect on the sound
wvibrations transmitted through them and finally the extent of abdomnal
distention espectally the amount of gas in the stomach and 1its effects on
the position and action of the heart and the resonance of the sounds

Study of the first heart sound 1n over 500 cardiovascular cases' with
special reference to the loudness of the sound yelded the following
results In general youth small heart size thin chest wall thyrotoxicoss
mutral stenosis and hypertension tended to be associated with a loud first
sound Old age thick chest wall bradycardia emphysema shock pen
cardial effusion mitral regurgitation and myocardial disease especially
myocardial infarction tended to be assoctated with a faint first sound
The above correlations were shght however as compared to the corre
lation between loudness of the first sound and duration of the PR
mterval Thus when the P R interval was m the short normal range
(012 to 014 second) the first sound tended to be loud when the PR
nterval was 1n the long normal range (018 to 020 second) the first
sound tended to be famt when the P R interval was 1n the intermediate
range (0 15 to 0 17 second) the first sound tended to be of medium loud
ness In persons with healthy hearts this correlation 1s remarkably good
Tt 15 exceptional to find 1n the absence of heart disease a loud first sound
and a long normal P R mterval or a famnt first sound and a short normal
P R interval

In view of the considerations stated above the chmcian must be
cautious 1n ing to draw 1 from the ch ter of the first
heart sound regarding the condition of the heart He must take mto
account the various factors which are known to influence the loudness
of the first sound

In the above discussion no emphasis has been placed on the quality
or timbre of the first heart sound although chmcians can scarcely fail
to be impressed by the probability that they are sigmficant A compan
son of sound records made 1n different cases shows decided vanations in
the principal as well as the minor vibrations of first heart sounds The
imperfections of present methods of registration do not justify attempts
to study the finer charactenistics of the sounds Although there are many
exceptions to the rule the tend 18 a so called by
or muscular low pitched and prolonged first sound with hypertrophled
ventricular muscle such as may occur in artenial hypertension aortic
msufficiency or in the hearts of athletes A short sharp higher priched
first sound 1s suggestive of mutral stenosis hyperthyrordism or the effort
syndrome To what extent alterations mn the character of the sounds
such as those mentioned may be due to differences in muscle mass
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thickness of fibers extent or rapidity of their contraction, and the
accompanying intraventricular pressure changes remains unknown
Splitting of the First Heart Sound It 1s obvious both from careful
auscultation and analysis of sound records that the first heart sound 1s
a complex phenomenon It has long been recogmzed that at least two
major components are often concerned n its production At times
these two components are sufficiently widely separated so that two dis
tinct sounds may be recogmzed This phenomenon has been called
sphitting or reduphcation of the first heart sound Comparatively hittle
worh has been reported concerming the cause or nature of this sphtting
The two chief views have been as follows (1) The two components
are of different ongin  One 15 muscular and due to movement of
nterlacing cardiac fibers as they contract The other 15 valvular and
due to forcible closure of the aurculoventricular valves in the early
stages of contraction This hypothests which 1s the one most widely
held has led to the description of the first heart sound as predomnantly
‘muscular’ or valvular’ m quality (2) The second view holds that
the mechanmism of production of the two components 1s stnilar 1n nature
one component being produced as a result of left ventnicular contraction
and the other as a result of right ventnicular contraction A necessary
corollary to this view 1s that when the sound s sphit there must be
asynchromsm 1 the actien of the two ventricles in at least some part
of the early stage of contraction Although this hypothesis receved
some support 1n the earher literature 1t was discarded for a long time
because the idea that the ventricles could exhibit asynchromism in con
traction was regarded as untenable 12 However durmng the past fe®
years evidence has been produced to mndicate that even healthy hearts
may exhibit at least sight asynchronism in contraction of the two ven
tricles Furthermore evidence 1s available to suggest that one major
component of the first sound may anse in the left ventrnicle and one 1n
the right ventncle ¢
A certain amount of confusion has arsen in the literature because
of the lack of a satisfactory definition as to just what constitutes the first
heart sound Regstration of the heart sounds reveals the fact that occa
sionally there may be as many as three separate groups of major vibra
tions m the time zone during which the first sound 1s supposed to occur
Likewise groups of munor vibrations are frequently observed At the
present time any defimtion as to what constitutes the first sound must
be regarded as arbitrary although defimtion 1s necessary 1f the subject 18
to be discussed without confusion
Sound tracings frequently show minor wibrations resulting from
auricular contractions which are not detected on auscultation These
vibrations may be regarded as the prototype of presystolic or auncular
gallop sounds which will be discussed later As a rule they begin 1n the
range of 008 to 014 second after the begmning of the P wave Thus
if the P R interval 1s 1n the low normal range the sound wvibrations may
de with the 1 of the QR S complex and at times the
begimng of the QR S complex may actually precede the beginmng of
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these vibrations If the disturbance 1s great enough to produce audible
sound the occurrence of thi» sound preceding the sound caused hy
ventricular contraction may give the impression of sphitting of the first
sound In our opimon there are good practical reasons for not including
this sound of auncular ongn as a part of the first heart sound As a
rule 1t beging even before the first electrical mamfestation of ventncular
actmt} and under these cir es can be lly as
‘ presystoic  Furthermore this sound 1s nearly alnays a mamfestation
of gallop rhythm and should be recogmzed as such because of the
important chmcal sigmficance of gallop rhythm The significance 1s apt
to be mmissed 1f this grouping of sounds 1s called sphtting or reduphcation
of the first sound
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FIGURE 3 Phasic respiratory splitting of the first heart sound Beat two shows
some merging of the {two components beat three shows them side by side producing
a so called muffled or prolonged first sound and beat five shows a separation of
the two components

A short high mitched chcking or knoching early systolic sound (to
be d d later) 1s Iy heard over the precordial area and 1s
usually loudest 1n the second third or fourth interspace just to the night
or left of the sternum The occurrence of this sound following the first
heart sound 1s apt to furmsh an auditory impression of reduplication
However its area of maximum intensity 1ts clicking or Lnoching quality
and 1ts occurrence at the mstant of ejection of blood from the heart mark
1t off from what 15 ordinanly regarded as the first heart sound

In the normal healthy individual the first heart sound may be heard
as a smgle or double sound Vanations associated with the phases of
respiration are not uncommon particularly mn young people (Fig 3)
Thus m a succession of beats extending through a complete respiratory
cycle one may find single short sounds prolonged so called muffled or
mmpure sounds and splitting into two distinct components

A study of the time relations of single first heart sounds shows that
the major vibrations usually bemin 1 the range of 003 to 008 second
after the beminming of the QR § lex of the elect d. and
before ejection of blood Thus, the sound occurs during the sometnc
penod of ventncular contraction

For the purposes of this discussion therefore we define the first
heart sound as a sound or grouping of sounds heard in the precordial
area associated with the act of ventricular contraction and occurrng
dunng the 1sometric phase of contraction of the ventricle from which each
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component of the sound anses The reason for such a defimtion 15 to
exclude sounds due to auricular contraction and those associated with
the beginning of ejection from the ventricles, estl er of which, occurning
n close association with the first sound may be rmstahen for true
reduplication
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FIGURE 4 The relationship of split sounds to left ventricular ejection A
Electrocardiogram and carotid pulse B Electrocardiogram and sounds Both
A and B were made 1n a patient with left bundle branch block and ventrcular
extrasvstoles Despite the prematunty of the extrasystole (which tends to cause
delay 1n ejection) and the smallness of 1ts pulse {which slows its velocity) the
premature pulse falls relatively earlier than those of the supraventricular beats
In the beats showing left bundle branch block both components of the split first
sound precede the carotid upstroke In the ext: les the first t
precedes and the second follows the earotid upstroke The vertical lines 1 B
ndrcate the tunes of the carotid upstrohe C Sphit first and split second sounds
n left bundie branch block Both components of the spht first sound precede
the beginming of the carotid pulse The second component of the spht second
sound begins just ahead of the carotid incisura and repre ents aortic closure
D The relations between ejection and spht first sounds in nght bundle branch
block  The first component of the first sound preceded the caratid upstrohe and
the second followed considerably later The first component of the split second
sound begins just before the carotid inctsura and represents aortic closure The
tracings 1n this figure reflect part of the evidence indicating that in left bundle
branch block left ventricular ejection 1s delayed and that m nght bundle
branch bloch left ventricular ejection does not tend to be delayed

The phenomenon of reduplication, although of no great climeal sigmifi
cance 15 of considerable importance to the investigator of the mechanism
of production of the first sound Until we are able to explain the nature
of reduplication we cannot expect to advance far i our understanding
of the first sound There 15 good evidence to support the view that most
single first sounds include the two major components which when they
are sufficiently separated in time are responsible for reduplication It has
been observed from time to time for years that in bundle branch block,
there 1s apt to be reduplication of the heart sounds ' This finding sug
gested the possibihity that reduplication of sounds 1n such cases might be
related to asynchromsm 1n contraction of the two ventricles As stated
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above katz!! had shown that in dogs, shght asynchronism 1n ejection
from the two ventricles was a common occurrence It therefore seemed
possible that such might also be the case in humans and that this
asynch might be derable when bundle branch block 1s present

An attempt to test this hypothests by roentgenkhymograms of aortic
and pulmonic pulses timed by electrocardiograms showed that in left
bundle branch bloch ejection mto the aorta began several hundredths
of a second after ejection into the pulmonary artery ¢ This delay n
aortic ejection could be confirmed by simultaneous electrocardiogram
and carotid artery tracing In such cases both components of the sound
preceded the carotid pulse However imn certan ventricular extrasystoles
interrupting Jeft bundle branch block carotid pulsation was found to
occur earhier than dunng regular rhythm despite the smaller pulse and

tly slover t: to the carot:rd (Fig 4) In nght

bundle branch block however no delay in aortic or carotid pulse has
been found (unpublished observations) * Pulmonic artery pulsation
in contrast to what was found in left bundle branch block tended to
lag behind aortic pulsation in ca es with spht first sounds One com
ponent of sound tended to precede and one to follow the beginming of
the carotid pulse In cases with split first sounds and no bundle branch
bloch there was alse found asynchromism in the beginming of ejection
nto the two great vessels

These data seemed to favor the view that sphitting of the first sound
at least in certain cases was ted with asynct 1n the begin
mng of ejection from the two ventnicles and that 1n all probability one
component was produced 1n each ventricle However the evidence which
we regarded as most important 1n favor of this view was of a different
type We have mentioned above the fact that the time relation of
auncular and ventncular contraction may have a very important effect
on the loudness of the first sound This 15 reflected 1n sound tracmgs by
vanation in amplitude of recorded vibrations

It seemed therefore that if cases could be found which showed
constant splitting of the first heart sound and varying aunculoventricular
relationships from beat to beat 1t would be interesting to observe the
behavior of each component of the first sound We have had the oppor
tunity o study two such cases in conmderable detail! In both cases
each component of the first sound was influenced by its own time rela
tionship to aurcular contraction (Fig 5) Thus in any given beat
both ts might be rep d 1n the tracing by (1) large vibra
tions (2) small wibrations (3) the first component having large vibra
tions and the second small vibrations or (4) the first component having
small vibratiops and the second large vibrations It seemed to us that
such behavior could not be ted for 1f both ts arose m
a single ventricle but on the other hand made necessary the hypothesis
that one of the two major components arose 1p each ventricle

*There 15 one tion to this beats wath a feeble pulse
the beginning of ejection may be greatly delayed without corresponding delay 1 the
first heart sound (Unpublished observations }
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Although the evidence mentioned above would appear to indicate
that 1n spht first sounds each ventricle contributes a component, the
possibihty cannot be demed at present that in certain cases splitting of
the sound I one ventricle may occur However there 1s as yet, no valid
evidence to support such a view

FiGURE 5 Complete heart bloch and spht first heart sounds Beats were
selected from a continuous stnip of tracing to show the effect of varying As Vs
relations on each component of the sphit first sound Fither component may
represented by small or large vibrations depending on its own time relation to
auncular contraction

When the two major components of the first sound are clearly sepa
rated 1t 15 noted that each 1s of extremely short duration usually less than
that ordinanly found mn the first sound (Fig 3) It 1s probable there
fore that in single first sounds both components are usually present and
partially superimposed If the asynchromism 1s a httle greater so that the
two components are recorded side by side but not actually separated, the
muffled or impure first sound results However, 1n some cases there
appears to be only a single component to the first sound The clearest
example 1s seen m certan cases of left bundle branch block which exhibit
a first sound a pause and then a systolic murmur an auscultatory finding
pomted out by King1* In such cases the sound i all probahhity
emanates from the night ventricle In cases without bundle branch block
but with very short single first sounds—the type often described as valvu
lar—one may venture to think that this quality 1s due to the fact that
only one component 1s loud enough to be heard

‘When we consider how the first sound 1s actually produced 1t 1s clear
that the dynamc factor must be ventricular contraction Available ev1
dence pomts to the view that the major vibrations occur durmg the
sometric period of ventncular contraction and probably while wntra
ventricular pressure 1s nsing raprdly This force sets up vibrations which
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are quickly damped What structure or structures are actually set into
wibration 1n such fashion as to produce sound has not as yet been estab
hished Some workers adhere to the view that the auriculoventricular
valves are the important source of vibrations!® whereas some beheve
that vanous other structures are also concerned! So far as we are
aware the endence available at present does not clearly establish either
view Furthermore we no not know just what 1t 1s that governs the
magnitude of the vibrations and therefore the loudness of the sound
It seems probable that the sigmificant factor 15 the gradient of the nse
of mtraventricular pressure (the amount of force in terms of the speed
of 1ts development) 1n each ventricle and 1ts effect on setting ventricular
structures into vibration Such an hypothesis whether eventually proven
to be valid or not appears to account better than any other now avail
able for the behavior of the first sound

THE SECOND HEART SOUND

It may be regarded as established that the second heart sound 1s pro
duced by after vibrations due to closure of the semilunar valves This
sound has two components one furmshed by aortic closure and the
other by pulmome closure According to Wiggers 3 the shortness of the
sound 15 due to the quichness with which the wibrations are damped by
the fnction of the blood and lessening of therr frequency as the pressure
falls

Wiggers! states that the intensity of the aortic and pulmome second
sounds varies roughly with the mean pressures m the respective circwits
but that dynamic studtes show them to be more definitely related to the
actual pressures existing 1n the large vessels at the very beginming of
diastole It 15 questionable whether or not Wiggers view 1s adequate
It fails to explamn the fact that extrasystoles and the more premature
beats during lar fibnllation have second sounds as loud
as more effective beats (Fig 1 C and 2 B) Furthermore the fact that
the pulmonic second sound may be quite as loud as the aortic even
though the pressure at the moment of closure must be very much lower
suggests that factors other than the actual level of pressure play an
mmportant part

It would seem possible therefore that the difference in pressure in
a ventricle and 1n 1ts corresponding great vessel which must govern the
speed of closure of a semilunar valve might be as important as the actual
level of pressure 1n responsihility for the intensity of the sound Thus
if the gradient of fall of intraventricular pressure were comparatively
steep just prior to valve closure movement of the valve toward the post
tion of closure should be correspondingly rapid and the after vibrations
correspondingly more mntense and productive of a louder sound

Clinictans have long taken into account another factor which must
be concerned 1n the production of the second sound wviz the physical
state of the valve leaflets The character of the sound should depend not
only on the speed and the pressure of closure but also on the capaaty
of the valves to be set into vibration analogous to the string or reed of
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a musical mstrument This factor has received much attention 1n con
nection with the aortic second sound
To how great an extent thickemng or disease of the aortic leaflets
modifies the aortic second sound 1s not known with certanty 'The
accentuation attributed to this factor may be due partly in some cases
to a more anterior position of the ascending portion of a normal aorta
or to dilatation or tortuosity and consequently better transmussion of
the second sound to the surface Whatever may be the actual mechamsm
concerned 1n the change n sound either an accentuation or a definitely
Iigher pitch of the aortic second sound (in the absence of hypertension)
should immediately lead to suspicion of thickeming of the valve leaflets
or disease of the aorta On the other hand marked diminution or absence
of the aortic second sound not accounted for by low blood pressure
should suggest lessened mobility of the valve and lead to a careful search
for aortic stenosis or nsufficcency
Arterial hypertension tends to cause increased loudness and higher
pitch of the aortic second sound However the enormous variability of
the sounds in patients with stmlar degrees of hypertension 1s most
mmpressive  Satisfactory explanations for these differences are not aval
able but they may be due at least 1n part to factors discussed above
The various diseases that are known to cause hypertension in the
pulmonary arteral system such as pulmonary arteriosclerosts, pulmonary
emphysema congemtal defects with left to right shunt and certain types
of left sided heart disease (particularly mutral stenosis) frequently have
associated with them accentuation of the pulmomic second sound The
main change 1s usually 1n loudness of the sound rather than pitch and
tumbre 1n this 1t tends to differ from the aortic second sound Before
deciding whether the pulmonic second sound 1s altered from the normal,
however the evaminer should always take into account the age of the
patient as well as the thichness of the chest wall In youth and mn the
thin chested the sound tends to be comparatively louder
Sphitting of the Second Heart Sound Sphiting or reduplication of the
second sound 1s very common 1n both healthy and diseased hearts Twe
so called types have been described That due to asynchronous closure
of the aortic and pulmonic valves and that due to asynchronous closure
of leaflets of esther valve Whether or not the latter type occurs 18
doubtful 1n most cases the reduplication 1s clearly due to asynchronism
in closure of the two valves It 1s present m many cases of bundle branch
block® (Fig 4 C) and of ventncular extrasystoles as well (Figs 2 B D
and E) unless the beat 1s highly premature and ineffective It may be
discovered 1n many cases with reduplication of the first sound whether
the heart 1s healthy or diseased On the other hand 1t occurs frequently
when no sphtting of the first sound 1s discoverable
There are at least two reasons why the second sound may be spht
when the first sound 1s not In the first place the components of the
second heart sound are shorter 1n duration than those of the first there
fore an equal grade of asynchromsm might merely prolong the first
sound without cauung separation whereas 1t might bring about clear
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cut separation in the second sound that could be both heard on auscul
tation and registered 1n sound tracings Secondly the length of dynamec
systole in the two ventnicles may vary 1! This 1s probably best exemph
fied 1n certain cases which 1n different phases of respiration show no
change 1 the duration or frequency of the vibrations of the first sound
whereas the two components of the second sound may vary in position
from superimposition to complete separation and reduplication (Fig 6)

FIGURE 6 Phasic respiratory splitting of the second heart sound In the first
and fifth beats the two components are approximated closely enough to give the
mpression of a prolonged second sound In beat three they are completely
separated

The observations of Katz!! indicate that these changes may de dependent
on vanations of blood imflow to the two sides of the heart during the
different phases of respiration or to vagus effect

THE MID SYSTOLIC CLICK

In 1913 Gallavardin!® described a clicklike sound which occurs dunng
ventricular systole and falls between the first and second heart sounds
In discussing this finding he apphed two terms to 1t namely pseudo
reduplication of the second heart sound and telesystolic extracardiac
sourd We have suggested the less cumbersome term of md systol ¢
click 14 The chief objection to this term 1s that the sound does not
necessanly fall m mud systole but may occur earlier or later than thus
point Lian and Depans * mndependently called the sound Le Clague
ment meso systolique pleuro pericardiale a term very similar to ours
except for the last word which refers to Gallavardins and therr own
conception of the mechamism of production of the sound Gallavardin
stated that in three cases which had exhibited the sound durng hfe
pleuropericardial adhesions were found at necropsy He beheved there
fore that the sound 1s produced by tugging on pleuropenicardial adhe
sions dunng systole a view which at this time cannot be regarded as
establisbed The clichlihe sound can be imitated in the cadaver by
moving the heart aganst a subpleural emphysematous bulla with the
lung applied to the mner chest wall while one auscults over this area
Furthermore the sound 1s similar to that which can be produced by
mjecting air mnto the medmastinal tissues {(unpublished observations)
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The sound 1§ a clich or crepitating norse not at all like any sound
aiown to be produced within the heart except the opening snap of mutral
stenosts which 1t sometimes resembles 1n quality but not mn time rela
tons It 1s usually a single sound but there may be two or even three
sounds tn rapid succession which may give the auditory impression of
: short friction (Fig 7) It 15 usually heard best near the apex but
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Ficvre 7 The mud systolic cick A Vanation in time relations to first and
second heart sounds B A double elick

occastonally as high as the third interspace It 1s often Joud enough to
be heard over the entire precordum Although 1t tends to fall about
mdnay between the first and second sounds 1t may be near enough to
one or the other to be mstaken for reduplication by those who disregard
its other qualities In many cases there 1s a phasic respiratory vanation
in 1ts time rtlations to the first and second sounds so that in one phase
of respiration 1t may be nearer to the first sound and 1n another nearer
to the second sound

The rmd systolic chick 1s qute common although usually overlooked
by those who are not famihar with sts charactenstics So far as we have
been able to ascertan 1t has no pathalogical sigmificance 1t 1s usually
found 1n healthy indiduals but occasionally 1s present i patients with
one or another type of heart disease Its chief clinical importance 15
that 1t 15 sometimes wrongly interpreted and mustaken for evidence of
heart disease It 1s for this reason that all who examne hearts should
be able to recognize 1t
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GALLOP RHYTHM AND THE THIRD HEART SOUND

The presystolic type of gallop or canter rhythm was clearly described
as early as 1838 by Charcelay -1 Potain  however has been the most
important contnbutor to this subject He divided gallop rhythm into
three types protodiastohic mesodiastohc and presystolic and distin
guished them from sphitting of the first and second heart sounds He
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Frcure 8 Presystolic gallop rhythm A Electrocardiogram carotid pulse and
sounds at the apex The gallop sound 1s represented by vibrations of much lower
frequency than the first sound the systolic murmur or the second sound B

and apex The summt of the promnent pre
systohc wave {(a) occurs at the same time as the gallop sound
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also stated that the gallop sound could be heard i twenty per cent of nor
mal indrviduals Potan s classification has been modified 1n two

{1) Following the work of Gibson 2 and of Thayer % the protodnastchc
sound heard 1n individuals with healthy hearts most frequently in chil
dren and young adults has been called the physiological third heart
sound There has been a tendency to remove this sound from the
category of gallop rhythm despite the fact that Thayer beheved that
protodastohic gallop and thrd heart sounds were produced by analogous
1if not identical mechamisms (2) Most recent wrnters have dented the
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considered are (1) The so called systolic gallop or other sounds which
occur dunng systole (2) reduplication of either the first or second
sound (3) the opeming snap of mutral stenosis and (4) the sound due
to calaification of the pencard The charactenstics which diff 1ate
them are noted in the appended table

The presystolic gallop sound 1s clearly a result of auricular contraction
as was first stated by Ch lay No d dable report of presystol
gallop m the absence of auricular beats 1s to be found in the hterature
We have never recorded 1t when 1t was not 1n close association with the
P wave of the electrocardiogram In nearly all cases it 15 mtiated within
a range of 008 to 0 14 second after the beginning of the P wave If the
sounds are recorded in conjunction with an apex cardiogram 1t 1s found
that the gallop sound falls at the peak of the wave produced at the apex
by aurncular contraction (Fig 8) For these reasons we believe that the
name mught properly be changed from presystolic to auncular gallop as
has been suggested " The time relations of the sound are determmed
solely by the posthion of aunicular systole It 1s usually presystohc
because auricular systole usually falls shortly before ventncular systole
When aurnicular systole moves to some other position in the cardiac
cycle aurtculosystolic gallop moves along with 1t If the A V mterval 1s
very short the gallop sound may be so close to the first sound as to
simulate splitting of the first sound (Fig 9 4)

Protodiastolic gallop occurs within the range of approumately 012
to 0 20 second after the beginning of the second sound In quality and
the areas of maximum intensity the protodiastolic sounds are mnds
tinguishable from presystolic gallop sounds This sound falls at the
surnmt of the wave of early diastohc ventncular filing The statement
has been made repeatedly in the hterature that gallop rhythm does not
occur 1n the presence of auncular fibnllatton This statement 1s true
only so far as presystohic gallop sounds are concerned Protodiastolic
gallop rhythm occurs not infrequently 1n the presence of auncular
fibrillation (Figs 10 and 12 B)

Summation Gallop Rhythm It has long been known that gallop
rhythm 1s most apt to be present when the heart rate 1s rapid at least
100 beats per minute Furthermore 1t has been noted that prolonged
aurnculoventricular conduction time mn some way favors the occurrence
of gallop rhythm Gubergntz"¢ suggested that presystohc and proto
diastolic sounds were due to similar mechamsms and m support of this
view cited the observation that at vanous times the same patient mght
show one or the other type of gallop sound We have been able to
confirm this observation by recording heart sounds and we have also
found that both types may be present at the same time (Fig 11 A)
Furthermore 1t has been possible to show that various forms of cardiac
mechamism which tend to superimpose auricular contraction on the
wave of early diastolic ventricular fillimg favor the production of gallop
rhythm If either presystolic or protodiastohc gallop rhythm had
previously been present the comncidence of auncular contraction with
early diastolic filling greatly mcreases the loudness of the sound (Figs 11
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and 12) If both protodiastolic and presystolic gallop sounds are
present, increase in heart rate decreases the interval between them
If the rate goes above 100 they arc apt to merge, with the production
of a single sound much louder than would be expected from sunple
addition of the two sounds In 1933 we presented ewvidence showing

FIGURE 10 Protodiastolic gallop thythm A Loud gallop sounds in auricular
fibrillation  The nterval between the second and gatlop sound (g) 1s fess i beat
two than mn beat four This 18 dent on the duration of the
precedng ventricular diastole B Apex cardiogram same patient The large
protodastolic wave (p) falls at the time the gallop <ound 1s to be expected
The time relations of the protodiastolic wave show the same vanations as those
of the gallop sound

the relationship between the behavior of gallop rhythm and the time
relations of early diastolic and aunculosystolic ventricular filling -7 The
term ‘ summation gallop’ was used to refer to the gallop sounds either
produced or intensified by comncidence of the two waves of ventricular
fillng  Further studies dunng the past six years have confirmed the
vahdity and usefulness of the concept of summation gallop This concept
permuts at least some understanding of what was formerly regarded as
mystenous behavior Most physicians, unless they are constantly on the
lookout for faint dull low pitched gallop sounds rarely detect any type
except summation gallop Nearly all the loud gallop sounds which obtrude
themselves on the ear are of this type The cntiusms which have been
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offered against the hypothesis of summation® had all been covered by
the evidence presented 1n the onginal paper and have thercfore required
no further consideration

Clinical Characteristics Potain has suid that gallop sounds can some
times be palpated better than heard He was doubtless referrng to
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FroURe 11 The effect of heart rate on gallop r}ly(hm A and B from same
patient In A both (p 1) am (p 2) gallop sounds are
present In B the heart rate 13 accelemted so that the gallop sounds are merged
Into summation (s) gallop C and D {rom one patient The protodastolic gallop
sound (g) becomes much louder when the heart rate 1s mncreased E F G and
H from one patient When the rate 1s increased (F) gallop rhythm (g) makes
its appearance and a distolic wave (p) i the apex cardiogram (F) becomes
Prominent
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the mmpact of the wave of ventrcular filing which accompanies the
gallop sound To recogmze gallop thythm one must be familiar with
the low pitch of the sound, the positions in the heart cycle 1t 1s apt
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Ficure 12 Effects of of In early venincular

diastole on the production of gallop sounds A and B Same patent In
incomplete summation gallop rhythm 1s present producing a prolonged gallop
sound (3) In B the thythm has changed to auricular fibnilation so that only
faint much shorter protodiastolic gallop sounds (3) persist C Incomplete heart
block The gallop sound (3) 1s present only when the P wave occurs near the
end of the T wave The most favorable position 1s just at the end of the T wave
(beats two and five) D In the premature beat the P wave comung just at the
end of the preceding ventnicular systole causes 2 summation gallop sound (3)
E Two to one heart block The auncular beat falling before the ventricular
beat causes only minor sound vibrations The auricular beat falling 1w early
diastole causes a distinet gallop sound (3)

to occupy the positions at which 1t 15 best heard (the apex of fourth
mterspace Just to the left of the sternum) and the maneuvers which tend
to accentuate 1t (such as placing the patient in the left lateral recumbent
posthion or employing some method to increase the heart rate)

Gallop sounds are very variable in theirr behavior They are usually
but not always best heard with the patrent in the recumbent posthon
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They may be precent dunng one examnation and absent at the next
They may even appear or disappear duning a single apphcation of the
stethoscope 1if the rate changes (see Fig 11) They tend to be more
e dunng d p 1on and may disappear with the recovery
of compensation

Gallop rhythm 1s usually left sided and heard best at the apex
except 1n hypertensive disease with heart falure when 1t 1s frequently
‘nght sided and heard best in the fourth interspace just to the left of the
sternum  Apical gallop sounds are almost certamnly produced 1n the left
ventricle and those heard near the midline probably in the nght ventricle
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FIGURe 13 The effect of respiration on third sounds In this case the third
sounds (3) were loudest Just at the end of expiration and famntest when the
lungs were filled

Mechamism The actual mechamism of production of gallop sounds
has not been clearly demonstrated Some workers believe that the addi
tional sound 1s produced by vibrations set up 1n the auriculoventricular
valves 1 Others mnchine to the view that the wave of sentrcular filhing
transmits an impact through the ventncular wall to adjacent structures
such as the chest wall setting them into wvibration

Those who believe that gallop sounds are valvular m origin may be
divided 1nto two schools namely those who hold that the sounds are
due to opening of the valves and those who maintain that they are
due to closure The view that gallop sounds are due to opening of the
aurncul nicular valves 1n diastole 1s easilly ruled out by considera
tion of the time relationships since the sound falls at the summut of the
protodiastolic wave of ventricular filing which comes several hundredths
of a second after opemng of the valves Those who believe the sounds
are due to valve closure assume that waves of ventncular filhing by
reflection back of the valves push them to a position of closure thus
causing a sound This hypothesis does not seem to us to be vahd for the
following reasons (1) The sound comes at the summit of the wave of
filling as recorded 1n the apex cardiogram (Figs 10 and 11) and during
the downstrohe of the jugular V wave If it were due to valve closure
1t should come after the summut of the filing wave furthermore in
nght sided gallop 1f valve closure occurred at the mstant of the gallop
sound there should be an interruption in the downward curve of the
Jugular tracing at the same instant, smce the emptymng of the venous
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system would be checked 1if the A V valves were closed However, such s
not the case The downward curve may continue umnterruptedly for at
least 0 02 or 0 03 second after the beginming of the gallop sound (2) All
sounds that we know to be valvular mn onigin are much higher i pitch
and tend to be shorter in duration than gallop sounds
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FIGURE 14 Alternation in gallop sounds A True alternation mn which the
gallop sounds (3) were alternately quite loud and famnt Although ventricular
alternation was present no definite alternation in loudness of either first or
second sounds was detected B Pseudo alternation of gallop sounds (3) due to
left bundle branch block in alternate beats The onset of left ventricular diastole
15 delaved when left bundle branch block 1s present so that the followmg
auncular contraction occurs early enough In ventricular diastole to produce
summation and therefore a loud gallop sound (d)

A wave of ventnicular filing 1s ndisp ble for the production of
gallop rhythm Anything tending to increase the size or veloaty of
such a wave favors the production of a gallop sound Among such
factors are fever anemia hyperthyrordism or heart failure with increased
intra auncular pressure In some cases, a third sound can be heard
during only a part of the respiratory cycle (Fig 13) Occastonally
alternation n the gallop sound 1s present (Fig 14) Both of these
phenomena are probably due to vamations in the waves of ventncular
fillng Other factors known to favor the production of gallop rhythm
aside from the tion ph d d previously, are such
diverse conditions as acute rheumatic cardiis the so called anterior
or apical myocardial infarction and the dilated failing heart of hyper
tensive disease It seems probable that m such conditions the altered
state of the heart muscle may offer less resistance to the impact of waves
of ventricular filing Available evidence suggests that 1n some cases the
increased waves of filhing are chiefly responsible for the production of
the gallop sound 1n others myocardial change However the combing
tion of these two factors 15 most apt to produce gallop rhythm

The low pitch of the sounds their areas of maximum mtensity
theirr time relations to the waves of ventricular filling the promnence
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of these waves in apex cardiograms their palpabiity when gallop
rhythm 1s present and the mmportant beaning which the state of the
ventricular muscle (but not the valves) has on the production of gallop
sounds would all <eem to favor the impact’ hypothesss The sound
can be quite faithfully reproduced in the cadaver by gently tapping
the finger against lung tissue apphed to the inner chest wall and auscult
ing over the outside of the chest It 1s a remarhable fact that gallop
rhythm 1s not often heard with the patient in the upnight position
However 1n those cases m which 1t 1s heard 1n the upnght position 1t 1s
apt to be much louder 1n the recumbent position The most favorable
posttion for eliating gallop rhythm 1s usually the left lateral decubitus
It 1s not quite clear what beanng these facts have on the mechamsm
The conception of gallop rhythm presented above has a defimte
beaning on prognosis Thus the larger the wave of filling or the greater
its velocity the less 1s the change necessary in the state of the heart
muscle for the production of gallop rhythm In hyperthyroidism with
more rapid circulation time and because of tachycardia only a smgle
large wave of ventricular filing 1t 15 quite probable that gallop rhythm
(summation type) may occur with lhttle alteration from the normal
state of the heart muscle On the other hand, as stated above when the
heart muscle 1s severely diseased there 1s good reason to believe that
gallop rhythm may occur 1n spite of hittle change from the normal in
the wave of filing The prognosis therefore may be modified by vanous
factors In such conditions as hyperthyroidism anema or acute carditis
1t 15 apt to be determined by the course of the underlying disease Thus
while gallop thythm may still be interpreted as the cry of a heart for
help ® the distress 1s not necessanly irremediable Studies made 1n
groups of cases showing gallop rhythm indicate that on the whole this
disturbance has a senous prognostic sigmficance Such studies are of
great value Nevertheless one must guard agamst the fallacy of ven
turing a prognosis in any patient on the basis of gallop rhythm alone
any more than on any other single finding Gallop rhythm 1s a danger
signal but one must still discover the nature and gravity of the danger
The Physiological Third Heart Sound This sound which 1s very com
monly present in healthy children and not infrequently 1 young adults
has auscultatory charactenstics 1dentical with gallop sounds Over the
chest wall the sound heard 1s nearly always protodiastohc Low fre
quency wvibrations may sometimes be recorded during the presystolic
period but are only rarely audible ® However as long ago as 1914
Benjamms3%2 and more recently Taquim?®® have recorded vibrations
corresponding 1n time to aurcular contraction when output receivers
were placed in the esophagus at the auricular level It would be difficult
to determine to what extent these vibrations may be adventitious due to
movements of the aurnicles agamnst the output recerver Such a finding does
not permit the assumption that a sound 1s being produced within the
aunicles For example gently tapping the diaphragm of a stethoscope
produces a sound which seems quite loud as one hstens through the ear
pleces the cause of such a sound however 1s not movement of the finger
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per se but 1ts 1mpact agamnst an interposed structure capable of bemng
set into wibration *

The phenomenon of summation affects the physiological third heart
sound as 1t does gallop rhythm There are, however important differ
ences In gallop rhythm there 1s usually good reason for beheving that
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Ficure 15 The physiological third heart sound A and B Same patient
C and D Same patient In each case there 1s a prominent protodiastolic wave
(p) 1n the apex cardiogram at the instant the third heart sound {8) occurs

waves of ventricular filing are increased 1n velocity or size or that there
1s some disease of the heart muscle In the healthy young people with
physiclogical third heart sounds there 1s no reason for believing any
of these factors to be present If therefore, the sounds have a similar
mechamsm, 1t 15 necessary to postulate that in youth the heart muscle
possesses some quahty that later tends to be lost Such a quahty might
be a certain phability or elastiaty which would permst the mmpact of
the wave of ventricular filling to be transmitted through the ventrcular
wall more readily than occurs m older less elastic muscle We have no
proof to offer for such a view except for the fact that in apex cardiograms
rather large waves are found, corresponding i time to the third sounds
just as 1n the case of gallop thythm (Fig 15) If this view 1s correct
the k of the physiol 1 third heart sound 1s closely related

This factor may have considerable importance even when sounds are heard of
recorded from the surface of the chest provided impact 1s transmitted through the
chest wall at that instant There can be htile doubt that impact agamst the mnef
chest wall contributes to vanous sounds heard through the stethoscope or recorded
These may be ded for 1 as parts of a heart sound
although the actual place of origin of the vibrations 1s outside the heart However
vibrations set Up 10 an output receiver because of the transmission of an impact
through the chest wall (vibrations which would not be present except for the mtef
posed output recerver) should not be regarded as a lepitmate part of heart sound
but should be looked upon as an imperfection 1n techme
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to that of gallop rthythm The question may be ashed why 1t 1s that
when the rate 15 slow enough to avoid summation presystolic physio
logical third heart sounds are so much less frequently heard than pre
systolic gallop sounds This may be due to the fact that in the young
healthy heart with no tendency to d venous p the aurcle
1s not hikely to contain a large amount of blood 1in the latter part of
ventricular diastole when auncular systole occurs so that a large wave
of ventncular filhng would not be expected at that time

THE PROTODIASTOLIC SOUND ASSOCIATED
WITH CALCIFICATION OF THE PERICARDIUM

In 1933 Lian Marchal and Pautrat ! described a strong vibrating
sound heard 1n early diastole in two patients with calafication of the
penicardium They termed 1t protodiastolic penicardiac wibration We
have observed and recorded this sound 1n =everal patients The time
relations of the sound are identical with those of protodiastolic gallop
rhythm although the sound tends to be much sharper higher pitched
and louder It has associated with 1t a vigorous apex impulse which
falls at the same instant as the sound (Fig 16} The mechamsms of
the sound production 1s probably somewhat similar to that of gallop
rhythm with the sheet of calcrum mnfluencing the production of sound
vibrations 1n some way as yet not understood We have noted the loud
sound only 1 cases with circumscribed caleified areas In one case m
which the heart was found to be almost completely encased mn calcium
a fant sound with similar tume relations could be heard only near the
base The extent of the area over which the sound 1s audible appears to
depend on 1ts loudness

SYSTOLIC GALLOP RHYTHM

The term meso systolic gallop was first proposed by Cuffer and Bar
billon® who have received credit for the discovery of systolic gallop
rthythm However the descnptions to be found in thewr article are
vague and give the impression that they were mistaking such common
conditions as sphtting of sounds and diastolic types of gallop rhythm
for systolic gallop However Potain®> a hitle later clearly described the
aortic type of systolic gallop thythm There has been more recently
a tendency to include the mud systohc chick with the systohc gallop
sound 3¢ 5 The aortic systolic gallop sound falls about midway between
the first and second sound There 1s remarhable constancy 1n 1ts time
relations from beat to beat It 1s a httle higher 1n pitch than diastolic
gallop sounds but has none of the chicking or crepitating character of
the md systolic chich It 1s heard best 1n the aortic area It may occur in
cases with typhoid or typhoidlike fevers (we observed 1t 1n one girl with
acute mihary tuberculosis) hypertensive cardiovascular disease and
aortic msufficiency The last four cases m which we have dxscovered
systolic gallop rhythm all had aortic lii and 1t ly occurs
more commonly m this condition than any other We were able to obtain
a of the d aorta n one patient with aortic
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regurgitation and systohic gallop rhythm 36 It was found that the systohe
gallop sound was synchronous with the peak of the systohc expansion of
the aorta It 1s probable that the sound 1s due to checking of the expanston
of the ascending aorta (as was first suggested by Potain) or to the impact
of the expanding aorta against surrounding structures

b 4
Ry i

! f f

FIGURE 16 The protodiastolic pericardiac vibration A and B Same patient.
There was a loud systolic murmur (m) a sharp third sound (3) and at the same
tume a sharp outward thrust at the apex (p)

A sumlar sound heard at the apex in one of our cases with aort
systohic gallop rhythm3¢ fell 0 04 second later than the aortic sound and
was synchronous with the peak of a positive wave 1n the apex cardiogram
suggesting that impact of the ventricle agamnst the chest wall as a factor 8
its production (Fig 17) We have not as yet observed systolic gallop
rhythm in any patient with a nermal cardiovascular system

THE OPENING SNAP OF MITRAL STENOSIS

This sound has been confused by some writers with reduplicatio?
of the second sound and by others with gallop rhythm Durozxezﬂ
Guttman,?* Sansom3? and Rouches'® described 1t and differentiat
1t from other heart sounds 1t1s a short sharp, snapping or chcking sound,
usually occurring 0 07 to 0 13 second after the beginning of the secon
sound It 1s usually heard best 1n the third or fourth interspace near the
anatomical position of the mitral valve this position being higher and
farther to the right than the usual point of maximum intensity of left
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sided gallop sounds We have made studies of 1ts time relationships to

various other cardiac events ¥t It occurs just before the beginming of the
diastolic murmur of mitral stenosis (Fig 18) In contradistinction to
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Flevre 17 Systolic gallop thythm A B and C from same patient In A the
sounds were recorded 1n the first interspace to the nght of the sternum At this
posttion the only conspreuous sound aside from systohic and diastohe murmurs
was a loud neatly mid systolic sound (g 1) In C at the apex first and second
sounds were recorded and also a loud sound {g 2) sl htly later 1 time than
the mid systohic sound recorded at the base In B sounds recorded i the fourth
nterspace Just to the left of the sternum show both the aortic and aprcal systohic
gallop sounds (g 1 and g 2) spht first and second sounds as well as the systolic
(m 1) and dastolic (m 2) murmurs

the gallop sound 1t does not have associated with 1t a prommnent wave 1n
the apex d but occurs appr ly 003 second before the
small protodiastohic wave usually present in mutral stenosts The signif
1cant time relationship of the snap 1n cases having split second sounds
1s with the aortic component (Fig 18 C) The mnterval vanes 1n auricular
fibnllation being shorter after highly premature beats and longer after
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delayed beats  All available evidence indicates that the sound 1s due, as
both Guitman and Rouches believed to sudden curtailment of the
opening movement of the stenosed mutral valve as the blood flow from
the auncle to the ventnicle begins 1n early diastole

The opemng snap has a practical value m the diagnosis of mitral
stenosis second only to that of the characternstic murmur It 15 present

FIGURE 18 The opening snap of mutral stenosis A and B Same patient
A Sounds were recorded where the dimmuendo and crescendo murmur r;m) e
mutral stenosis was Joudest In order to show its time relation to the opeminé
snap (DS) The snap occurs during the auscultatory gap (AG) between the
second sound and the begnming of the murmur B The sounds were record:
where the snap (DS) was loudest At this area the murmur was relatvely
msignificant € Youd opening snap (DS) 1n a patient with matral stenosis 10
whom the diastolic murmur (m) was barely audible In the second beat the
second sound 15 split (2 2) so that three separate loud sounds are heard 17
rapid succession ‘The first of these represents aortic closure and it 15 to th1S
sound that the snap (DS) mamtams 1ts significant time relation In auncula?
ﬁbnlle;hon this time varies depending on the length of the preceding ventricular
diastole
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1 well over half the cases and 1n many 1t 1s distinct and easily heard
when the murmur 13 difficult to elicit Its sharp snapping or cliching
quality distinguishes 1t from all other sounds heard dunng diastole Its
point of maximum 1ntensity and time relation to the second sound also
help to differentiate it from both reduplication of the second sound and
protodiastolic gallop rhythm So far as our expenence goes the opeming
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TiGURE 19 The semilunar opeming click {s) recorded at the base At this
area the first sound (1) was insigmificant The click was JToud and sharp and
preceded the carotid upstrohe by 002 second The film was run rapdly to
display time relattons Each vertical line represents 001 second

snap occurs only 1n mtral stenosis Others have stated that 1t occurs n
aortic insufficiency and adhesive penrcarditis It may be heard in caces
of aortic msufficiency 1n which mutral stenosts 1s also present but not
otherwise The statement that 1t occurs 1n adhesive pericarditis 1s an
error possibly due to confusing the opening snap with the protodiastohc
penicardiac vibration of Lian present mn some cases with calafied pen
cardium The two can be differentiated by the time relations and areas
of maximum audibility of the sounds as well as by the fact that the
pencardiac vibration has a sharp palpable impulse associated with it

THE SEMILUNAR OPENING CLICK

We have recently become aware of a sound occurning In early systole
which we believe we had previously either overlooked or mistaken for
the second component of a spht first sound The charactenstics of this
sound are so distinctive that once they are known the sound 1s easy to

The term 1 p click was ad d to call atten
tion to the character of the sound the area over which 1t 15 heard best
and sts time relations It 1s loudest at the base either over the aortic
or pulmome area When 1t occurs over the aortic area 1t can be shown
by simultaneously recorded sound and carotid artery tracings to fall
within the range of 001 to 002 second before the primary carotid
osallation (Fig 19) This means that it 1s approumately synchro
nous with the beginmng of ejection mnto the aorta When the sound 15
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heard best over the pulmomc area the relations to the carotid pulse
are not quite so constant, but 1t 1s probable that in such cases the sound 15
synchronous with beginning ejection 1nto the pulmonary artery The
sound 1s short, high pitched and usually clicklike in character The
time of 1ts occurrence 1s such that grouped with a single first sound the
two may resemble a spht first sound However the clich may be present
when the first sound 1s sphit Under these circumstances the click mn
some cases may fall between the two components of the spht first sound or
1n others may follow the second component

The sermlunar opeming clich 15 most likely to be found when the
heart has extra work to do Most of our patients in whom this sound
was heard over the aortic area had systemic arteral hypertension In
two aortic aneurysm was present In the patients in whom 1t was heard
best over the pulmonarv artery, there was dilatation of the pulmonary
vessels suggesting pulmonary hypertension We have heard the sound
1n several patients with patent ductus arteniosus

SOUNDS IN WHOSE PRODUCTION THE
PRESENCE OF AfR PLAYS A PART

Water wheel Muemur  The best known of this group of sounds s 2
spectacular churning or splashing noise the so called water wheel murmur
(brwit de la roue hydraulique) or bruit de moulin, heard over the
precordial area when both flud and air are present 1n the pencardlal
sac These sounds may be very loud so that they are audible somé
distance from the chest, more often, however, they can be heard only
by applymng the stethoscope or ear to the precordial area The sounds
are rarely observed except in dealing with war wounds involving the
chest However the combination of arr and flud 1n the left chest al<0
has been described as producing a splashing sound The presence of
air and flwd 1n the pericardial sac does not necessarily mean that the
water wheel murmur will always be present One of us failed to ehct
11 1n a case 1n which approximately half of a large pericardial effusion s
withdrawn and replaced by air

Splashing Sound App tly the bination of a large active
heart and just the proper mixture of gas and flmd 1n the stomach may
alsa produce a splashing sound with each heartbeat O H Perry Pepper*
has reported such a case and refers to a similar case previously reported
by Spillman and Perrnn+> While making rounds, he heard a similar
sound 1n a patient with aortic mnsufficiency and a very large heart The
splashing sound 1n this patient lasted for only a short time and was not
heard again during his stay mn the hospital This sound has little clmeal
significance beyond the fact that it should not be confused with the
water wheel pericardial murmur

The Pericardial Knock This designation has been appled to 2
knoclang or tapping sound heard over the chest usually durnng the
systolic phase of the heartbeat 1in certamn cases with left sided pneumo
thorax The term seems inept since so far as 1s hnown the pernicardiu®®
ss not an mmportant factor in the production of the sound According
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to Barnwell #4 1t was first suggested because of the finding of a shell
fragment n the pericardium of a patient exhibiting the sound This 1s
also one of the sounds which may be quite loud and heard some distance
from the chest The patient 1s usually quite aware of 1its presence
Scattered case reports are to be found in the older literature Rees and
Hughest reported mine cases with very loud tapping sounds following
war wounds of the chest although some of their cases may not have
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FIGURE 20 Mid systohc short loud crepitating sound (c) in a patient wath
mediastinal emphysema

belonged 1n this group Various explanations for 1ts mechanism have been
offered Barnwell and Greene# suggested two possibl h (1)
the free diastolic fling of the heart against the left diaphragm over a
thistended hollow abdominal viscus (2) the uncushioned systolic impact of
the heart aganst the chest wall in cases of left pneumothorax Cooper
(observations to be reported) has found that the sound can be ehcited in
a large proportion of patients i whom left sided pneumothorax has been
mduced m the treatment of tuberculosis He observed however that it
was necessary to place the patients in certamn positrons of recumbency
usually 1n the left lateral decubitus in order to produce the sound It 1s
tremendously influenced by the phase of respiration In studies of some
of these patients made with Cooper we concluded that impact agamst
the chest wall of the partially collapsed lung as it 15 moved with the
heart during systole 1s responsible for the sound The lung movement
can easily be seen by fluoroscopy Furthermore this hypothesis fits n
well with the influence of position and respiration on the production
of the sound
Sounds Due to Mediastinal Emphysema The most mmportant dis

cussion of this subject 15 found mn the recent paper by Hamman ¢ It
was Hamman s belief that m his cases there was intershitial emphysema
of the lungs which traveled to the mediastinum Presumably the cause
of the sound 15 movement of the heart agamnst the emphysematous
tissue with the production of sounds analogous to those produced by
the pressure of a stethoscope against subcutaneous emphysema These
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sounds may be quite loud They are noted by the patient himself and
may sometimes be heard across the room Hamman used many adjectives
n desenibing the sound including such terms as crunching crackling
crepitating, bubbling cliching and popping  We have observed a similar
sound 1n one patient after perirenal awr 1jection and m ancther after
paravertebral novocan mjection of the upper thoracic sympathetics In
both patients a loud crachhng sound was heard durng systole (Fig 20},
but one case differed from those of Hamman 1n that at times a similar
but Jess loud sound could be heard duning diastole We assumed that
1 our cases, air had traveled to the mediastinal space from the sites of
mjection In one air could be demonstrated in the mediastinum by
roentgenogram Mencher,* has shown that mediastinal emphysema 15
not uncommon after perirenal air mnjection So far as we are aware
this sound has not been observed previously after paravertebral mjection
We have been able to duplicate the sound heard in our patients by
mjecting arr into the mediastinal tissues of a dog

SOUNDS ASSOCIATED WITH AURICULAR CONTRACTION

There are certan sounds due to aurcular activity such as aurcular
friction sounds (observed occasionally in pencardihis) and murmurs
(commonest 1n mitral stenosis) which do not fall within the scope of
this discussion We have discussed previously two effects of auncular
contraction on sounds emanating from the ventricles These are the 1
fluence of the As Vs time relation on the loudness of the first heart sound
and the role played by auricular contraction on the production of
presystolic and summation types of gallop rhythm

It has long been known that sounds corresponding m time to auncular
actiity can often be heard 1n cases of heart block As long ago as 1897
Pouzin's supported the view that these sounds were due to closure of
the aunculoventricular valves following immediately after aurcular
contraction * Gallavardini® dissented from Pouzins view and held
that these sounds are analogous to those of gallop rhythm and anse 12
the ventricles He proposed that the auscultatory sign be called “galop
du block ”

Lewis »1 on the basis of phonocardiographic studies, found that there
15 somehimes a “double auncular sound He suggested that the first S
due to contraction of the auricles and tension m 1ts walls and the second
due to closure of the aunculoventncular valves following cessation of flow
from auricules to ventricles When only a single sound 1s heard Lewss

«Gnffith © 1n studving a case of this type made the further observation that
when auricles and ventricles contracted at about the same time the first heart sound
was likely to be much louder than m other beats Gnffith s observation apparently
not considered 1mportant at that time led eventually to the discovery that the time
relations of auricular and ventncular achvity exert a powerful mnfluence on the lou
ness of the first sound even when the cardiac mechanism 13 normal a phenomenont
which we have discussed 1n connection with the first heart sound However 1t 13
clear that the contribution of the auricles to the production of the first heart sound
1s wndirect due to the effect of auncular discharge on ventrcular actiity and not
due to sound onginating within the auricles themselves
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suggested that 1t 15 due to valve closure In our experience the double
auricular sound 1s extremely rare We have recorded 1t 1n only one case
1t 1s possible that the second component of the sound 1s due to auriculo
ventncular valve closure In both Lewis case and our own 1t began
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Ficure 21 A Double auncular sound (a1 a2) i complete heart bloch
When auncular contraction falls dunng ventricular contraction an extra sound
(a) 15 recorded having the same time relation to the P wave as the first com
ponent (a1) of the double sound B Apex cardiogram Same pattent (The
P waves 1n the electrocardiogram can barely be seen due to failure to loosen and
standardize the stnng) When however the auricles beat during certain phases
of ventricular systole an extra wave (x) may be seen 1 the apex cardiogram

much larger than waves caused by
diastole (a) We interpret these large waves as indicating that aurcular
contraction was moving the ventricle as a whole against the chest wall Dunng
diastole when the ventncular wall 1s flaceid no such wave 1s found but only
small waves of filling

approumately 030 second after the beginming of the P wave (Fig
21) However we have not observed this late sound in the presence of
normal rhythm * although we have recorded 1t as a single auncular
sound ’ i cases of heart block

The first component 1s apt to fall G 08 to 0 14 second after the begin
mng of the P wave as 1s the case 1n presystolic gallop rhythm It s
probably not due to A V valve closure  We have pomnted out previously in
this discussion that presystolic gallop sounds precede that event In both
Lew:s and our case of heart block a sound having the same time relation
to auncular activity as this first component was heard and recorded
even during the ejection period of ventncular systole (Fig 21)

Characteristics of the so called auncular sound which falls in the
range of 008 to 014 second after the beginning of the P wave 1n cases

*1f due to A V valve closure 1t could not occur when the P R int zval 1s normal
since the valve would already be closed by ventncular contraction
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of heart bloch, are as follows (1) It 1s hikely to be much louder when
1t 18 superimposed on early ventncular filing than at any other time
(in this respect behaving lihe summation gallop) (2) It 1s low pitched
(3) It 1s heard best near the apex All these findings, together with its
time relations support Gallavardins view that it 1s a form of gallop
rhythm and that, although the sound results from aurcular activity, 1t
actually arses 1n the ventnicle Such an explanation however, does not
account for the sound heard durng ventricular systole In our case
this sound, hike the first component dunng distole, was also heard best
at the apex An apex cardiogram and a roentgenhymogram of the left
ventricular border both showed a wave whose peak was simultaneous
with the sound In the former the auncular wave during ventrcular
systole was very promnent (Fiz 21 B) We concluded, therefore, that
aunicular systole, occurnng dunng ventricular systole, pushed the con
tract:ing ventricle against the chest wall causing mmpact and producing
soun

One may raise the question as to why “galop du block should be
relatively commoner in cases of heart block than 1s presystohc gallop
rhythm 1n cases with a normal cardiac mechamsm We have been much
mmpressed by the rapidity and extent of ventricular dilatation which may
develop when complete heart block replaces normal sinus rhythm One
possible mechanism 1s that under such circumstances, the thickness of
the ventncular wall must be decreased so that a wave of ventncular
filling caused by aunicular systole would result i less absorption of the
mmpact 1n the ventricular wall (and therefore more transmussion to the
chest) than would be the case 1f that wall were thicher Furthermore,
m cases of heart block with slow ventncular rate venincular systole
15 prolonged so that m early diastole the aurcles are likely to be
engorged with blood If auncular contraction comes at such a tme
1t1s apt to augment greatly the wave of the early diastolic filling, a circum
stance which would be favorable to the production of sound

In some cases of heart block a sound associated with auncular
activity 1s heard best m the third or fourth interspaces and not at the
apex So far as we are aware these sounds have not been carefully
studied but they may be the same as the second component of the double
aurtcular sound Therr position suggests that they mught be due to AV
valve closure 1t seems to us unlikely that they are due directly to con
traction and tension of the auncular walls but this possibility has not
been excluded

The problem of aurcular sounds” needs further study, particularly
m cases of complete heart block On the basis of evidence available at
present, 1t 1s clear that at least two and probably three different mecha
msms may produce so called aurnicular sounds The earher of the "0
auncular sounds which may be heard during ventricular diastolie perods
m heart bloch resembles presystolic gallop sounds so closely that 1t, ke
presystolic gallop, 15 almost certamly caused by the effect of auriculal
contrachion on the wave of ventncular fillng The later “auncular
sound ’ which has been observed only n cases of heart block may be due
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to aunculoventricular valve closure The auricular sound noted during
ventricular systole cannot be due to either of these mechamsms The
limited observations made suggest that 1t 1s due to the effect of auricular
contraction 1n pushing the contracting ventricle against the chest wall The
question as to whether auncular contraction and tension of its walls
produces sound which can be heard by the stethoscope remains open

Table 1 pomis out ch; 1stics tending to d 1ate these extra
or additional sounds
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FREDRICK A WILLIUS, M D

3A

Historrcal Onigin and Evolution of
Certain Congenital Anomalies of
the Heait and Gieat Vessels

‘The tremendous progress that has been achieved in the last two decades
mn the surgical treatment of certain congemital anomahes of the heart and
great vessels warrants a deration of the h 1 aspects of the
subject At the present time nearly one hundred of
the cardiovascular system have been described Only a few of them will
be considered 1n this discussion

The medical moneers who so well established the basis for the recent
progress m this field compnse chmceans, physiologists pathologists anato
mists embryologists and surgeons

For nearly fourteen and a half centuries little or no progress was evident
in the field of the card lar system foll g Galens (138 201 AD)
ncorrect concept and h 2" Galen letely lached the concept
of the airculation of the blood and was led 1nto sertous error by attempting
to merge purely speculahve physxologlc hypotheses of comvemence with

and observations It was with fanatical
zeal that his followers unequivocally accepted his fallacious concepts As
late as 1649 Jean Riolan (Rxolanus) (1577 1657) 1s credited with the
st: that 1f sub and observations differed from
those of the Master (Galen) any d were attributable to the
fact that nature had changed 7

It was not until 1628 when William Harvey s correct exposttton of the
arculation of the blood appeared that constructive progress in the field
of the d lar system d In s tal work Exercy
tatio anatomica de motu cordis et sanguints in ammalibus Harvey also
described the fetal circulation and the flow of blood through the foramen
ovale (functional two chambered heart) He wrote

Thus 1n embryos while the lungs are yet at rest and have no action or
motion as 1f they were not present nature makes use of the two ventricles of
the heart as one for transmssion of the blood

In this and like vagaries of the embryonal cardiovascular development
which perforce must be called normal lte opportunities for a multiplicity of
congenital anomaha of the heart and great vessels which do 1n fact heavily
afflict d bers of each born 14
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PATENT DUCTUS ARTERIOSUS

The usual reference to the ductus artertosus as the “ductus botall
represents an eponymuc error Castighom has discussed the histoncal
mystery of one Botallo who 1s behesed to have confused the foramen ouvale
with the ductus 7 So many contradictory statements concerning Botalle
are recorded that 1t has been impossible to solve the engma of his 1dentity
to say nothing of lus contnbutions One page of history states that he
was born in 1530, the same year that other references indcate as the year
of his graduation and he 1s said also to have been a student of the famous
surgeon Lanfrarc who Ined more than two centurtes exrther 7

The first authentic record concerning the discovery of the ductus arte-
riosus 15 the observation of Giulto Cesare Aranzio (1530 1589), Professor
of Anatomy at Bologna,” who estenstely studied the anatomy of the
fetus and made his observations about the middle of the sixteenth century

In 1593, Giambattista Carcano (1536 1606) of Milan Professor of
Anatomy at Pavia, confirmed Aranzios findings when he also described
the ductus artertosus 7

According to Peacock, i 1757 Reimann recorded an instance of patent
ductus arteriosus 1 an infant i shom postmortem examnation revealed
the left subclavian artery issuing from the ductus>® Remmann’s report 2
work of German onigin 1s the first pubhshed record of this compounded
anomaly

Numerous other references found in the early literature are chiefly con
cerned with the revelation of patency of the ductus arteriosus as disclosed
at postmortem tion In 1836 Ledmerder of France described an
instance of the type in which the ductus 1s merely a fistulous communica
tion between the aorta and the pulmonary artery 18

In 1845 Norman Chevers (1818 1886) of London made the first report
of typrcal solitary patency of the ductus arteriosus occurning 1n an adult
Postmortem exarmmation venfied the chnical diagnosis  As early as 1847
Babington of England observed vegetations myolving the patent ductus
and was the first to record the complication which 18 now known as sub
acute bacter al endarteritis $

The charactenistic murmur of patency of the ductus arteriosus 15 at
times referred to as Gibson s murmur George A Gibson (1854-1913)
of Edinburgh was the first to emphasize and descnbe the charactersstic
rourmut as a diagnostic sign of the anomaly He stated

“The most charactenstic physical sign 19 a murmur mn the second left mter
costal space over the septum where the thrill 1s felt and this rurmur 15 of late
systohc rhythm that 1s to say that when compared with the apec beat 1t
distinctly follows 1t The murmur 1s usually somewhat long m 1ts duration
and of a high miched character 1t 1s usually louder on deep inspiration It
1s further 1y d 4 of the pul
monary second sound due to the ot 1 the pul artery 1%

Because of the fact that patency of the ductus arteriosus was the first
congemital anomaly of the heart to be treated surgically 1t 15 of unusual
snterest to recall the prophetic publication of John C Munro (1858 1910)
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a surgeon of Boston Massachusetts, who 1n 1907 predicted the feasibility
of surgical closure of the patent ductus Munro expressed his prediction
as follows

After death which took place without oedema or marked cyanosis
exammation showed an open ductus arteriosus lymng easily within reach behund
the sternum without any other defect or lesion except a dilated right ventricle
The simplicity of the remedy was so striking that I at once made further dis
sechons and satisfied myself that it would be possible to hgate the duct pro-
vided a diagnosis could be made beforehand ‘The operation I would pro
pose as demonstrated on the cadaver 13 as follows Under ether which ¥ prefer
to chlorof 1n any case collapse of the lung the sternum can be
eastly sphit along 1its centre or a little to the right opposite the second costal
cartilage Thus 1s easily done with knufe The sternal halves are then retracted
ample room for working being obtained The right pleural cavity will probably
be opened hut the left one will not. Judging from analogous cases 1n surgery
this should not be serious but if necessary the physiologists apparatus for

artificial could be employed I hardly believe that it
would be needed After retracting the thymus upward the pericardmm s
exposed Its reflection Jies so high on the large vessels that the ductus to all
mtents and purposes 18 mntrapericardial In the upper angle the aorta will
be seen on the patient s night and the pulmonary artery on the left By follow
g close to the aorta toward the under surface of the arch the ductus as
large as the aorta 1tself will be seen as the first vessel to the left pointing
upward and a Iittle to the right Both pulmonary branches lie too far poste-
riorly to be seen and by keeping close to the aorta the main pulmonary trunk
will escape injury On pushing through the tissues by blunt dissection the
ductus theoretically should be easily surrounded by a higature It 1s a question
whether or not simply crushing 1t would not accomplish as much and 1n case
of necessity I beheve that 1t would be worth trymg After closing the an!enor
pericardial wound the sternum can be sutured or not and the skin closed

It was not however until 1939 thirty two years after Munro s article
appeared that Gross and Hubbard reported the first successful surgical
closure of the patent ductus 13

COARCTATION OF THE AORTA

A ly the first published of coarctation of the aorta 1s a
case which Morgagm 1n 1761 reported from lis correspondence 1 The
recorded description supports the 1on that 'y tal

defects were present although no mention of them was made

In 1791 thurty years later Pams recorded another instance of coarcta
tion of the aorta disclosed at postmortem examination 1n 1789 -1 While
the early hterature contains numerous publications dealing with 1solated
stances many of them are based solely on postmortem findings Among
the authors of these reports are such contnbutors as August Albrecht
Meckel (1827) 18 Reynaud (1828) 23 Cruveilhier (1835) ® and Chevers
{1845) ® to mention only a few It was Meckel who first called attention
to the erosion of the ribs which results from the pulsations of the dilated
and tortuous mntercostal arteries which serve as collateral communications
between the upper and lower segments of the obstructed aorta 18

Pages A to 72I follow page 72 @ 1959
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It was not, however, until 1903, when Bonnet carefully reviewed hus
cases and those i the lterature, that the pre<ent day classification of
coarctation came mto being Bonnet classified two basic types The “n
fantile type” represents a persistence of or exaggeration of, conditions
prevailing 1n the fetus before birth Here a constriction with a long seg
ment of narrowing of the aorta occurs between the onigin of the left sub
clavian artery and the insertion of the ductus artertosus It 1s frequently
associated with other congenital momahies of the heart The “adult type”
has no counterpart 1n the fetus and is represented by a marked constriction
or obliteration of the aorta adjacent to or near the insertion of, the
ductus arteriosus or the hgamentum arteriosum as the case may be The
obstruction 15 usually hmuted to 1 short segment of the aorta &

The long obscunty of this congenital anomaly has ended with relative
suddenness Wernicke of Berlim for his discussion of coarctation of the
aorta 1n 1875 had discovered only five cases in the literature prior to that
time 1n which the correct diagnosis had been made dunng the hfe of the
patient 2 Abbott in 1915 had discovered only twelve such instances!
Thus 1t 15 within approximately four decades that a rarely identified
chnseal entity has become one of farrly common place recognition

5O CALLED TETRALOGY OF FALLOT (LA MALADIE BLEUE)

The casual student of medical history frequently 1s confused by the
eponymic designation of diceases This 18 viuidly demonstrated n the case
of Prck s dicease where three different clinical entities were described by
three different physicans all bearing the name of Pick and each dissimilar
disease bearing the title of Pick’s disease Examples of this are found 1n
the listory of congemtal anomales of the heart and great vessels

Etenne Lows Arthur Fallot (1850 1911), of Marseille 1n 1888 pubhshed
a remarhably accurate account of a set of congemtal anomalies of the heart
and great vessels which he designated as la maladie bleve The following
quotation 1 trandation 1s from the conclusions of his classic article
b 'f}}‘usfn‘llalformahon constitutes a true hol type ted

y the following tetralogy (1) stenosis of the pulmornas k.2 wnter
ventricular communication (3) rightward devxat?on of m;yo::f;y;)f ih; aorta
(4) hypertrophy almost always concentric of the right ventricle —and to

these may be added sometimes but m
a strictl Jure
of occlusion of the foramen ovale’ 10 1oty accessory manner the fe

Fallot’s publication recerved
wide acclarm ore
the combmation of anomahes be e o

N came known umversally as the tetralogy
:;wFt;léO: dPlerh'\ps because few modern medical authors on the subject
Erdivent ch: uv:t "ll;m the earlier hterature or perhaps because of Fallots
th the condmon‘s name contmues to be usually the only one associated

O{H 15 of unusual interest that‘ths first known record of this combination
was d1n 1673 by Niels Stensen or Nicholas

itix;om(nl ?jﬁégﬂds) the emnent Damsh anatomist, whose observations
@ duc uring the course of hus dissection of a fetal monster The
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modern rediscovery of this case 1s credited to Professor Enk Warburg of
Copenhagen who kindly forwarded a copy of his report to me The fol
lowing quotation from Stensen s report 1s of interest

Most of all the unusual form of the artertes proceeding from the heart
merited both attention and amazement At the first view portending something
strange the pulmonary artery appeared much more narrowly constricted than
the aorta therefore I Jaid 1t open from the right ventricle of the heart to the
lung self and at once saw plainly that the canal which leads from the pul
monary artery to the aorta (ductus arteriosus) quite evident mn all other
fetuses was entirely mussing

But when I opened the right ventricle the probe being passed upward along
the septum found an aperture opening directly mto the aorta just as easily
as 1t soon passed upward to that very aorta from the left ventricle

‘Thus there were three openungs 1n the night ventricle~one from the auricle
two 1nto the arteries and the same aortic canal common to both ventricles
had twin onfices divided by the septum of the heart In the aurrcles nothing
differed from the usual fetal conformation. 17

That hypertrophy of the rnight ventricle was not a feature of this case was
probably due to the fact that the subject did not live beyond birth

In 1761 Morgagntt® in his De Sedibus described a somewhat stmlar
case which many authors have discussed but it does not meet the require
ments for inclusion as a typical example of the tetralogy

An early and complete description of the classic combination was pub
hished 1 1777 by the famous Dutch phystaian teacher and hnguist, Eduard
Sandifort (1742 1814) of Leyden* His account was comprehensive and

luded all the cardinal factors ted by Fallot 111 years later

In 1784 only seven years after Sandiforts classic account the great
Wilham Hunter (1718 1783) of Glasgow and London published his obser
vations from the postmortem examination of a child who had hved thirteen
years In his report hypertrophy of the night ventricle 1s not mentioned
but the ensung quotatton 1s of interest

There was a singular conformation of the heart which allowed only a very
small portion of the blood to piss through the lungs That peculiarity was
partly 1 the pulmonary artery which was so small at its beginmng from the
night ventricle that it would barely give passage to a small probe But
there was another peculianty—tiz the septum cordis was deficient or per
forated at the basis of the heart so as in the dead body to allow my thumb
(a small one} to pass across from either ventricle to the other the onfice
of the aorta being situated so close fo this perforation as n the action of
the heart to receive the blood from the nght ventricle as well as from the
left, 1o

Other early accounts of this tetralogy selected through analysis of
published reports were given by Cailliot 1n 1807 1 Pallots in 1809 1© and
Gintrac in 18241° and the fi of such 1 d as the
year of Fallot s description approached 1°

‘Worthy of mention 1s Thomas Bevill Peacock (1812 1882) of London
who 1n 1866 published the second edition of s classic work On Malforma
tions of the Human Heart This imcidentally was the first book on con
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gemttal anomalies of the heart to be published In this volume, Peacock
described more than eighteen cases mine of which were typical examples
of the tetralogy -

It 15 evident that numerous observers—some very eatly—had accurately
described the tal d t responsible for la maladie bleue
before Fallots description appeared in 1888 In this presentation there
1s no ntention whatsoever to detract from the recogmzed prestige of
Fallot s publication but in historical documentation the correct sequence
of priority should be maintained

UNCOMPLICATED SEPTAL DEFECTS

The general conformation of the fetal heart and the foramen ovale were
first described m 1593 1n a volume by the same Giambattista Carcano who
studied the ductus irteriosus but the foramen and the septum which
normally replaces 1t were not immed:ately understood

In 1640 Prerre Gassendi (1592 1655) of Champtercter France latera
professor at Aix with three other authors published a book n which
Gassendi s contribution was an account of the demoustration of a patent
foramen ovale at postmortem exammation of an adult Gassend1 was not
the discoverer but a witness—and mdeed 1t should be repeated that he
and presumably his colleagues terpreted the findings as proof of an
erroneous theory of circulation Gassendi wrote n translation

While T was restdmmg mn Aix whenever a dissection was being performed
1 was present frequently n the anatomical amphitheatre Now for many years
T had observed 1nvanably that dissectors tahing the heart in therr hands
would test the perviousness of 1ts septum with a blunt instrument which they
call a spatula and would lude as ph; have Juded that the
transoussion of blood from the right chamber ta the left must oceur by insenst
ble transudation Now when this problem came to be discussed by the peo-
fessors of anatomy eight years ago there came among the disputants a diligent
surgeon Payanus by name who wanted to demonstrate to us onlookers that
the facts were otherwise So taking up the spatula he undertook to penetrate
the mediastinum of the heart But he did not attempt to push the mstrument
strmght through as the others had done but having miroduced 1ts ip (for
the tissue of the septum presents a thousand little openings) pushed onward
with utmost gentleness turming the 1nstrument with the greatest patience Up
and from side to side seeking always a farther 1ngress and at last the mstrument
was seen enfering the left chamber But then because we had alleged that
he had made an artificial opening he himnself requested one of us to mncise
the septum down to hus mstrument, with a sharp scalpe] When the 1ncisiot

had been made we found that no tissue anywhere had been mjured and we
saw that only the meatus or canal notwithstandmg the fact that 1t was a very
winding passage was hined with a ve:

ry thin and ghstening membrane !t
Allan Burns (1781 1813) of Glasgow a hitle known contributor to {he
records of medical history published a sigmficant work wm 1809 Among
the cases of congemtal anomalies of the heart which he discussed weré
mnstances in which the foramen ovale and the ductus arteriosus were open

others 1 which only the foramen ovale was open, and others mn whch
defect 1n the interventnicular septum occurred ¢
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One of the most important and outstanding contributions dealing with
septal defects was that of the bnlliant Bohemian pathologst, Carl Roki
tansky (1804 1878), for many years Professor of Pathology at Vienna In
1875, after fourteen years of mvestigation Rokitansky published his
mportant volume dealing with septal defects and his theory of ther
genesis He showed that the ventncles in their development are separated
from each other by the upward growth of the septum and that the com
mon artenal trunk 1s also separated into right and left halves by a septum
having 1ts ongin 1n an indentation mn the walls of the vessel The septum
of the ventricles and the septum between the two halves of the arteral
trunk become jomned so that each ventncle finally communicates with one
half of the vessel Normally a rotation of the artenial ends of the ventricles
and the great arterial trunk occurs so that the portion of the trunk which
1s to become the pulmonary artery 1s 1n front and to the left of that portion
whach 15 to become the aorta If in the course of development this process
of rotation fails to occur prior to the umon of the ventricular and aortic
septa 1t remains possible for the aortic portion of the trunk to open mnto
the nght ventncle while the pul 'y portion with the
left ventricle

In 1861 while performing a postmortem examination, Henr1 Louts Roger
(1809 1891) of Paris demonstrated the presence of an interventricular
septal defect in the absence of stenosis of the pulmonary artery °t Eighteen
years later (1879) Roger published his classic article dealing with the
charactenistic physical signs of the uncompheated 1nterventricular septal
defect The following translated excerpt from ks article 1s of interest

The condition 1s revealed only through auscultation and is evidenced by a
physical sign whose characteristics are wholly pecullar—a strong and lengthy
murmur It occurs quite alone begins with systole and continues so long
as to overspread entirely the normal tic tac sounds It 1s greatest not at the
apex (as with le 1ons of the auriculoventricular orfices) nor at the right
of the base (as with stricture of the aorta) nor at the left (as with stenosis of
the pulmonary artery) but in the upper third of the precordial region It s
medial like the septum 1tself from the focal pont its intensity diminishes
regularly by degrees in proportion with the increase of distance the location
15 fixed and there 15 no propagation in the vessels It comncides with no other
sign of morbid organic condition except purning lremor An anomalous
murmur 1n which this group of ch: T L d 15 the h
monie sign of patency of the tnterientricular septum 4

Even today this characteristic murmur 1s known as the brt de
Roger*’

The most extensive coninbutor to knowledge pertaimng to congemtal
anomalies of the heart and great vessels was Maude E Abbott (1869 1940)
of Montreal Among many publications her greatest work was the remark
able Atlas of Congenital Cardiac Disease This volume which appeared m
1936 under the hip of the A Heart A 10n a
entical analysis of 1000 cases

Maude Abbotts teaching and writings were the most outstanding fac
tors 1n converting the mystertes and uncertainties of congemtal anomahes
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of the heart and great vessels into understandable realities Through her
work and influence the clinical diagnosis of the varous defects has become
remarhably precise and thus has enabled the surgeon to intervene, so that
an ever increasmng number of hitherto incurable patients are now findmg
relsef

From this historical review 1t 1s evident that our medical forebears have
built the basic structure of cardiology wisely and well Without this foun
dation of knowledge at therr command present day scientists could not
possibly have achieved the amazing progress of the last two decades
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Congenital Cardiovascular
Abnoimalities

1 Reports of tal card lar defects found at necrop
sies would indicate that among the population at large the incidence 1s
approumately 1 per cent the greater number of cases naturally occur
ring 1n early childhood The d of cardiac lies among infants
dying before the age of two years was 4 per cent and among indviduals
ranging from two years through adult hfe 0 7 per cent In a study of the
incidence of congemital malformations 1n over 5000 pregnancies, defects of
the cardiovascular system were found 1n 0 9 per cent of total births At all
ages mncluding the neonatal period individuals math p due
to cardiac defects are fener in number than those who present no cyanosis

Etlology Under normal conditions the embryonal cardiac tube passes
through a senes of coordinated changes 1n 1ts progress toward the four
chambered human heart These include division mnto four primtive cham
bers rotation of the tube upon 1tself so as to conserve space absorption
of the smus venosus into the atnum and the bulbus cordis into the
veniricle separation of the primitive atrum pnmiive ventncle and
truncus arteriosus by the formation of septa and valves

The majonty of cardiac anomalzes result from arrest 1n ths coordinated
process of development The earlier 1n embryonal Iife this occurs the more
complicated the anomaly If before the fifth week of fetal hfe a nonviable
monstrosity results Interruption of normal development of the heart
between the fifth and eighth weeks will result in a viable mnfant born with
an abnormal heart The graver anomahes of the cyanotic group take
ongn 1n the earhier part of this period when division of the atrioventric
ular canal and truncus arteriosus 1s proceeding concurrently with shifting
and rotation of these parts upon themselves ;n the median axis of the
heart while mvolution of the primitive bulbus cordss 1s taking place By
the end of the eighth week of fetal lee the septa have closed

The relntive freqs of here in the body
bears out the belief that malformation of the heart 1s due largely to factors
which have disturbed the normal course of development rather than to
localized mnflammatory states Since the fundamental structure of the
heart 15 established by the erghth week of fetal Iife such factors must have
been operative 1n the early weeks of pregnancy Studies have emphasized
the 1mportance of environmental factors in producing malformation of

73
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74 CARDIOVASCULAR DISEASE

the fetus Expenmentally, cardiovascular malformations in the fetus have
been produced by a diet deficient in vitamuns fed to pregnant ammals and
by exposure of the embryo to rrradiation, hypoxia, trypan blue, or to an
atmosphere hugh 1n carbon dioxide ¢ Nutntional deficiencies of the fetus
may be due not only to dietary defiencies of the mother but perhaps alse
to maternal or placental diseases Renal disease endocrine disorders even
emotional disturbances may play a part At least one disease of viral
ongin has been mcriminated  Infants of mothers who developed rubella
within the first three months of pregnancy have been born with cardiac
anomalies which may be assouated with tal cataract, congenital
deafness, or mental retardation In the experience of the wniter, severe
vomiting or sigmficant bleeding 1n the first trimester has occurred as fre-
quently s viral diseases in the history of mothers who have gven birth to
chiddren with cardiovascular malformations Syphilis rarely 1f ever plays
an etiologic role  Unsuccessful attempts to mduce abortion eatly in preg
nancy have been admtted by some mothers In the majonty of
cases however, no history of maternal disturbance in health can he
obtatned

That an hereditary tendency may play a part 1s suggested by the occa
sional association of conditions of known famlial origmn, such as poly
dactylism or arachnodactyly, as well as by the appearance of cardiac
anomalies 1n more than one generation m siblings or m collateral branches
of the faqmly What advice as to future progeny should be given to parents
of a first cluld born wrth a defective heart? In the case of young pasents
1t would seem wige to a second P Granted that the
chance of producing another abnormal child 1s greater than the average
m the majonity of instances subsequent offspring will be normal Swnce the
proportion of defective children becomes progressively greater as the age
of the mother 1ncreases, contrary advice should probably be given to pat
ents past the age of thirty

After birth anatomic closure of the ductus arteriosus and foramen ovale
ts gradual rather than abrupt Gradual reduction m the caliber of the
ductus culminates in obliteration not earlier on the average than st 1o
eight weeks after hirth Foll g I 1 aband t of the foramen
ovale adhesion between the septum and valve tahes place slowly and 3
usually not complete until the latter half of the first year The sthm
portion of the aorta lymng beiween the lsft subclavian artery and the
ductus arteriosus, which 1n the fetus 1s normally narrow, requires a pertod
of approximately two months to reach the full caliber of the contiguous
parts of the rorta The finding of some degree of narrowing of the :sthmus
or of patency of the ductus artersosus or foramen ovale within the period
shortly folloming birth should not be mnterpreted as abnormal Although
anatore closuze 1s gradual functional closure of the ductus arteriosus and
foramen ovale may take place shortly after birth

Classification The following clasafication suggested by Dr Maude L
Abbott? based on the presence absence or late appearance of cyanosts
has proven of value It has been modified by the author on the bass of
recently developed hemodynamic concepts
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Group I—Acyanotlc Lesions in which no commumication exists between
the artenal and venous arrculation Admuxture of venous and artenal hlood
does not occur Pulmonary flow equals systemic flow Cyanosis appears
only 1n the presence of heart fatlure and 1s due to peripheral stasis

Group ll—Arterlovenous Shunt Lesions in which there exssts a com
munication between arterial and venous circulations without the presence
of a complicating anomaly that mught alter the normal pressure relationg
within the heart Under normal conditions of pressure the shunt will be
arter and the pul: 'y flow will be greater than the systermc
flow In the presence of pulmonary hypertension due to occlusive changes
within the intrapulmonary arteries there may be a reversal of flow and the
appearance of cyanosis This may be preceded by a period of balanced
pressure duning which the flow may be bidirectional

Group Hl—Cyanotlc Anomalies which ensure the mixture ot venous
and artenal blood within the heart or which prevent adequately oxygen
ated blood from entening the systemic circulation Anoxemia eusts at
birth although not always of a degree sufficient to be visible as cyanosis
mn the neonatal peniod The lungs may recene an excessne normal or
inadequate supply of blood depending on mdividual vanations in the struc
ture of the cardiovascular anomalies which are included 1n this group

Pathagenesis of Congenital Cyanosis Lowered oxygen saturation of
the blood which reveals tself climcally by the appearance of cyanosis may
be the result of a varety of causes acting singly or in combination In thew
classic monograph on cyanosis Lundsgaard and Van Slyket outlined the
followmng primary factors responsible for 1its production (1) Dimnshed
oxygenation within the lungs (2) direct venous artenal shunt n the pres
ence of an 1 defect (3) d util of oxygen within
the peripheral airculation as a result of stasis (4) high hemoglobin level
All of these factors may play a part in the production of cyanosis in the

dividual with a ble cardiac ly Hitherto the part played by
dimimshed oxygenation within the lungs has been thought to be due
mainly to secondary factors such as the devel of pathol h

within the walls of the alveoli or pulmonary capillanes which mught hmder
the penetration of oxygen mto the blood Taussig® has emphasized the
primary part that ] te pul It atself may play in the
production of cyanosis Such dxmmutwn 1 pulmonary blood volume may
occur 1n the presence of anomalies which hinder the exit of blood from the
nght ventricle The volume of blood passing through the lungs may be so
reduced as to dimumsh oxygenation to a pont msufficient for the mamte
nance of hife

Arterzal anoxemia may be present even mn the absence of wistble
cyanosis At least 5 Gm of reduced hemoglobin per 100 cc of blood i1n
the penipheral vessels are necessary to produce cyanoss The appearance
of severe anemia may efface a preceding cyanosis even though the degree
of oxygen unsaturation 1s still lugh With equivalent values of ox3gen
unsaturation cyanosis will be less marked in the individual with a normal
blood count than 1n the mdividual with polycythemia The intensitv of
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cyanos:s 1 1tself thus 1s not an ndication of the extent of anoxerma from
which the individual may be suffermng

In addition to the factors which are directly responsible for the produc
tion of anoxemua, other modifying factors may mfluence 1its wvistbility 1
the form of cyanosis Such are thickness of epiderms, vanations of shin
pigment and number size, and distribution of skin capillanies The ability
to detect shght cyanosis varies also with the shill of the mdividual
observer

Frevre 1 Clubbing of fingers i1n a nineteen year old boy with cyanosis

Polycythemiz may precede cyanosis Some individuals however evel
though defimtely cyanotic and with greatly lowered oxygen saturaton
may show delay 1n the development of compensatory polycythenna One
such cyanotic mfant seen by the writer at the age of eleven months with
an erythrocyte count of 4 870 000 and a hemoglobm content of 125 Grit»
was sufficiently anoxemic to be subject to daily attacks of unconsciousness
Her artenal oxygen saturation was 41 per cent One therefore cannot
assume that the prognosis 1 a cyanotic individual 1s more favorable 10
the absence of marked polycythemma nor that the degree of anozemia will
be éma!] fClublnng always follows cyanosis (Fig 1)

ases o al offer excellent opportumties for the study
of the adaptation of the body to high grades of gfygen unsaturation Such
a case study has been reported by Talbott® and his assoctates with &
summary of previous observations Individuals wath congemtal cyanost
showed blood gas rations that deviated consistently from the
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normal Such deviations included increased oxygen capacity, decreased
oxygen saturation and decreased carbon dioxide content of the artenal
blood decreased partial pressure of alveolar carbon dioxide and decreased
artenal pH The metabolic mvestigations on Talbott s patient revealed
profound varations from the normal 1n the acid base equlibnium Studies
on artenal blood gases and acid base balance n sixty cyanotic congemtal
cardiacs by Morse and Cassels™ have confirmed these findings The alka
Iine reserve of the plasma was reduced in two thirds of the cases due
mainly to fixed acid excee»s nnd CO_ deficit By means of the high oxygen
due to lobin the oxygen content of the artenal
blood was mantained within normal range in all but 15 per cent In
a group of forty five cyanotic congenital cardiacs studied by Holling® an
additional compensatory mechanism seemed to be the passage of oxygen
from blood to tissues at pressures of oxygen lower than normal
Cyanohc congemtal cardiacs show an increased circulating blood vol
ume due to increased nse in the volume of circulating red blood cells
There 15 a reduction 1n plasma volume The red blood cells are normal and
contam hemoglobin of the adult type Polycythema may mask a nutn
tional anemia I the level of h lobin 1s not with the
erythrocyte count the d tration of 1ron 15 bl
Blood )! d p nely after pul ¥ blood flow had
been d by aortic pul or by 'y valvot
omy showed marked nse in al]\alme reserve and ar(enal pH 1n addition
to an mcrease 1n arterial oxygen saturation and decrease 1 oxygen
capacity T The subnormal plasma volume nises to a level shightly higher
than normal while the greatly elevated red blood cell volume 1s reduced
to a level which may still be somewhat above the normal average
Pulmonary Hypertension ® Normally the pressure in the pulmonary ar
cuxt 1s about one quarter to one fifth that in the systemic cirewmt and
P y flow equals sy flon When normal pressure relationships
prevail and a communication exists between the systemic and pulmonary
arrculations the shunt through the defect will be artertovenous The size
of the shunt and the rate of pulmonary flow vary primanly in accordance
sith the size of the defect If the defect 1s small the shunt will be chmcally
mmgmﬁcant With larger defects the shunt may be large Because of the
bility of the Is flow may up
fo three times normal thhout 1 Beyond a
certamn cntical level of pulmonary blood flow hawe\er a nse of pressure
may occur which at first 1s only slight or moderate
Only a mld degree of pulmonary hypertension can be produced solely by
ncreased pulmonary flow Severe pulmonary hypertension develops as 2
result of increased pulmonary resistance due to anatomic changes within
the small arterioles of the lungs which reduce the size of the lumen As a
result pulmonary pressure will rise until 1t becomes equal to and finally
greater than systemic pressure At this stage reversal of flow occurs (at
first only during exercise) leading to a vennartena] shunt and the appear
ance of and ¢y With
vascular resistance the blood flow within the lungs decreases and may be so
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8 CARDIOVASCULAR DISEASE
greatly reduced as to d h oxy tion to a pomnt insufficient for the
maintenance of hife

Patients with pulmonary hypertension of smigmficant degree show ana
tomie cl 1 the itrapul y arterzoles These changes are of two
types (1) medal thickemng, and (2) intimal fibrosts often with super
imposed thrombosis The pathologic physiologic proces<es responsible for
these changes and therr relation to mereased pulmonary flow are unknown
Whether the thickening of the media 1s due to anatomic hypertrophy of
the muscular layer or to vasoconstriction 1s also uncertain Because of the
small pressure differential between the two atria, pulmonary hypertension
resulting from an atnal defect 1s due solely to the size of the flow and to
secondary intimal changes within the pulmonary arterioles In the case of
a ventricular septal defect however or of an aortic pulmonary commum
cation such as a patent ductus the defect connects a region of high pres
sure with one 1 which the pressure 1s only one fifth as great A very large
ventricular defect or patent ductus which presents hitle or no resistance
at the site of the lesion provides free communication between the artenal
and venous circulations Blood will be ejected mto the lungs under sys
temic pressure The systolic pressure will be equal 1n both ventneles the
aorta and the pulmonary artery Flooding of the lungs with blood can
only be prevented by ncreased intrapulmonarv remstance and a nse w
diastolic pressure

In the fetus there 15 a high level of resistance to pulmonary blood flow
due to the structure of the muscular arterioles which have a thick wall and
natrow lumen Thickening of the medial musculature 15 found m these
vessels Normally a gradual change takes place within the first six months
of hife so that the wall becomes thin the lumen wide and resistance to
blood flow low Similar thickening of the medial layer of the intrapulmo
nary arterioles occurs in the presence of a large ventricular septal defect of
patent ductus and has been ascribed to postnatal persistence or develop
ment of fetal tvpe vessels n order to mamtain high resistance n the
pulmonary ciremit and thus permit an adequate amount of blood to enier
the systemic circulation Closure of congemtal defects at this stage may
be followed by thinmng of the vessel walls similar to that which occurs
under normal postnatal conditions

Intimal fibrotic thickening which may sometimes be assoctated with
orgamzed embol: or thromh 18 probably of postnatal onigin and wreverst
ble It results in further narrowmg of the vessels and progressuely
ncreasing hypertension It may be found 1n veseels which show medial
thichemng as well as m vessels which seem to have been normal onigmally
When the intrapulmonary artenoles are markedly narrowed and pulmo
nary resistance high the volume of blood within the Tungs 15 dummshed
and may be normal or less than normal even though the commumicating
defect 1s large At this stage surgical closure 15 contramndicated since the
defect 1tself may be serving as a safety valve

There 15 no direct relation het age and pul v hypertenston
Pulmonary pressure may be very high n some wfants or young children
and may remain normal 1n adults even with large shunts
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There 13 no good expl for the t of pul 'y hyper
tension and vascular changes in the patient who has no communrcation
between the pulmonary and systemic circmst  Nervous factors have been
menmnated

Symptoms and Prognosls A mnonty of mnfants with congemtal
cardiac anomales tend to be slow to gain weight, delayed m growth and
development and subject to digestive disorders Lowered resistance to
wfection 18 especially common among such malnounished children and
conversely the prognos:s 1s far more favorable among nfants whose nutrn
tion and development have not been hampered by the cardiac lesion In
later hife these individuals may remain dwarfed and of fragle bulld but
frequently a spurt of growth occurs as puberty 1s reached

The natural death rate 1s greatest in the first two years of hfe only 1n
part due to death of cyanotic babies with malformed hearts not capable of
mamtaimng postnatal circulation There 1s a high death rate among
babies with large ventricular septal defect, short wide patent ductus com
mon artenal trunk from which a large pulmonary artery anses or with a
single ventricle which supplxes the common ejectile force for both the

t and the pul it In all of these malformations the
lungs are flooded with a large volume of blood under systemic pressure
They may all lead to a similar cllmcal pxcture of repeated respiratory
infections progressive emphy ted with respira
tory distress pulmonary edema thh or mthout hepatomegaly Death
occurs also 1n infants with the left venincle supplied by a coronary artery
ansing from the pulmonary artery or with endothelial fibroelastosts A
fair number of infants with coarctation of the aorta may die of congestive
falure

After the second year of life the rate of death becomes mimmal 1n the

Y 1¢ child N school children with 1 cardiac
anomahes rarely present symptoms In a relatively small group with
lesions permitting an excessive shunt of artenal blood 1nto the pulmonary
arculation the increased volume of blood in the lungs may result in
tachypnea and the d penpheral circul may prod fatigue
and stunting of growth The expectation of Iife 1n noncyanotic individuals
15 usually good i so far as the defect itself 1s concerned although some
cardiac stram 1s present and must be taken into consideration as a factor
hable to produce heart failure 1n early adult hfe A good tolerance for
exercise even in the presence of a greatly enlarged heart 1s a striking

1stic h Compl ons such as bacterial endocarditis
usually delay their appearance until adult hfe

Certain special symp may be ted with individual lesions
Because of the tremendous dilatation of blood vessels 1n the upper part
of the body mdividuals with coarctation of the aorta may suffer from head
aches epistaxis or pamns i the chest or shoulders Intermattent claudica
tion may result from madequate circulation in the legs Sudden death
may be due to rupture of the aorta or of a small cerebral aneurysm In
the presence of right or double aortic arch dyspnea or dysphagia may
occur from pressure of the encirchng nng upon the trachea or esoph-—-
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Pressure upon the recurrent laryngeal nerve by a dilated pulmonary artery
may produce hoarseness or aphoma Individuals with severe pulmonary
hypertension are subject to chest pan and recurrent attacks of hemopty
sis The occurrence of Stohes Adams attacks i congemtal heart bloch
has been reported
The ¢ of tal defects elsewl 1 the body 1s not uncor
mon, as 15 mental deficiency, which may be assoctated with mongolism
On the other hand, many tal cardiacs, including those with ¢ya
nosts, have 2 high level of intelligence
In suk with tal cy 1s the course 1s progressnely down
ward, the duration of Iife depending upon the nature of the defect and
the amount of interference with oxygenation which 1t mmposes In the
graver cyanotic cases death usually occurs at an early age from the
mechamcal difficulties of the cwrculation In contradistinction, a not
mconsiderable group of mndividuals with less severe lesions of the cyanotic
type has been able to lead Jong and even arduous ives Cyanotic women
have given birth to normal infants In all cases, however, with perma
nently lowered oxygen saturation of the blood due to structural changes
within the heart or great vessels a vicious cycle 1s engendered which ends
sooner or later i death from anoxerma of the iissues, unless hfe has
been shortened by an intercurrent comphication
Infants with lesions of the cyanotic type need not be blue babies As
the requisite threshold of oxygen unsaturation 1s passed however, ¢yanosts
makes 1ts appearance—first visible as a blutsh dscoloration of the ips and
fingertips later d m and ding over the entire »ur
face of the skin and mucous membranes, accentuated by cold tempera
tures and by muscular exertion Polycythema may precede cyanosis and
increase as the anotemia mcreases Clubbing of fingertips (Fig 1), toes
and nose follows cyanosis after varying wntervals of time Tortuous, thick
walled capillanies and violet discoloration become wisible tn the retinae
Squatting 15 a common habit among cyanotic children suffermg from an
nadequate flow of blood to the lungs Dyspnea, attachs of which may
occur even before 1S apy may cul te in of
extreme respiratory distress associated with marked exacerbations of
cyanosis Eplephform seizures or syncopal attacks are not uncommo®
especially when the red blood cells are extraordmanly ncreased Cerebral
thrombosis with hemuplegia may be terminal An smportant complication
in cyanotic individuals with night to left shunt 1s the passage of a par2
doxical embolus through the anomalous opening to lodge 1n bram spleen
kidney, etc Such an embolus 1if infected may form the focus for the
development of a bram abscess which probably occurs as frequently ¥
cyanotic congemtal cardiacs as does endocarditis Fatal gastromtestin
hemorrhages have been observed m cyanotic infants who presented 1%
ulcerative lesions at P, bly the bleed: was due 0
d capillary permeability of anoxic onigin
Congestive failure 15 the most frequent cause of death n adults with
cardiac anomahies Despite these dangers that lie ;n wart for the ndividual
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bomn with a defective heart, many such persons have been able to lead
long and useful hives

Diagnosis The existence of a cardiac anomaly 1s obvious 1n the rela
twvely rare individual who presents cyanosis and clubbing associated with
abnormal cardiac signs It may however fail to be recognized in the non
cyanotic individual In the infant past the neonatal period the presence
of an mtense murmur not associated with marked anemua 1s usually
mndicative of the existence of an abnormal heart Newborn infants whether
or not they are cyanotic may present murmurs which disappear and are
not associated with cardiac anomalies On the other hand 1t 1s possible for
the heart to appear normal at birth mn infants who later develop a cardiac
murmur associated with other signs of congemtal heart disease In older
noncyanotic children and adults a congemtal leston may be suspected
when a systolic murmur 1s heard best to the left of the sternum rather
than at the apex where the murmur of an acquired mutral lesion 1s best
heard The presence of a thrill and of cardiac enlargement would conﬁrm
the existence of an orgamc lesion In the ab: of murmurs Ily
loud clanging heart sounds may at times arouse suspicion

Once the presence of a cardiac anomaly 1s accepted the differentiation
of the particular leston 1s a more difficult tash In the graver comphcated
lesions of the cyanotic group an exact diagnosis may be mmposstble par
ticularly i the young mfant

Probably the only cardiac abnormality associated with a pathogno
momc electrocardiogram 1s murror image dextrocardia m which all com
plexes of Lead I are inverted and the curves of Leads II and III replace
each other An exact diagnosts of congemtal heart block can only be
obtamed by graphic methods but the existence of heart bloch does not
point to any specific anomaly such as ventrcular septal defect, since inter
Tuption of the bundle of His by fibrous tissue may be found 1n an otherwise
normal heart The tracing obtamned from an individual with a cardiac anom
aly may be entirely normal If abnormal, 1t need not differ from one due
to acquu‘ed dnsease In early hle h y the of biph QRS

d, or of nght or left ventricular prepon

derance should suggest the possibility of a congemtal defect Information
obtained from precordral leads may be of greater value than the roentgeno
gram in the determination of predominant night or left ventncular enlarge
ment Such information however 1s mnferential only and may at tlmes be
misleading Recent studies have att ted to define elect
vanations due to systohe and dxastolxc overloading of the nght or left
ventricle 19 Attempts are being made to correlate such changes with
specific congenital cardiac lesions

Since an enlarged right atrium 1s common 1n congemtal heart disease
the frequent finding of high P waves 1s not unexpected

Inversion of T waves in the electrocardiogram of infants with cardiac
enlargement has been stated to be mdicative of the presence of an anom
alous left coronary artery arsing from the pulmonary artery Negative T
waves of varymg contour however may be found not only 1n association
with an anomalous coronary artery but also 1n glycogen storage disea~~
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endothehal fibroelastosis, as well as in infants with cardiomegaly and
congestive fallure of unknown orgin not necessanly fatal

R 11 Seall of the lower border of the posterior nbs
occurs most frequently in the presence of coarctation of the aorta The
existence of anomalous retroesophageal vessels, of nght sided or double
aortic arch, and of dextrocardia may be established by roent b
means Aside from these it 1s rarely possible to diagnose & speaific anz
tomuc defect from routme roentgenograms unaided by other iformation
Identical changes m contour may be produced by dissimilar lesions the
same lesion may produce dissimilar alterations in the cardiac shadow in
different individuals, finally the heart may be normal 1n size or contour
even though an anomaly exists Critena for imndividual chamber enlarge-
ment 1n acquired heart disease are not necessarily applicable to card¢
a hes where the fund: tal 1on of the heart may bear no
resemblance to the usual four chambered heart

Anomalies associated with an arteriovenous shunt will result 1n dilata
tiont of the pulmonary artery and 1ts } hes due to the d volume
of blood sent to the lungs Ewidence of such enlargement of the pulmo
nary vascular tree will be revealed by wncreased fulness of the pulmonary
segment together with large, sharply delineated hilar shadows and prom
ence of the smaller vessels m the middle third of the lung fields In
contrast the presence of a venoarterial shunt will result 1n dummution
of the amount of blood sent to the lungs and decrease 1 size of the hilar
shadons with dimimished vasculanty m the peripheral Jung fields

Roentgenograms taken in various posttions together with fluoroscopit
examnation are of value i revealng alteration i size and contour of
dividual chambers of the heart and great vessels, as well as varations in
the hilar and intrapul 'y vascular shad Correlation with climeal
and electrocardiographic findings may lead to a correct diagnosis 0

ams

anatormc defects The charactenshic roent wil be
described i the d of individual lesions
Anglacardiography 12 Consists of the roent h lization

of the cardiac chambers and great vessels followmg the rapd wjection of
a radopaque flmd nto a penpheral ven Seral roentgenograms are
obtamed while the contrast substance 15 passing through the heart and
great vessels The most readily labl ] h tal es W0
roentgenograms per second Angrocardiograms may at tumes provide vald
able dhagnostic information Particularly 1n young infants and children
however the passage of contrast substance occurs so rapdly as to visualze
the entire heart within a second or less It 1s often impossible to folloW
the sequence of events and to make an accurate anatomic dragnosis The
maximum potential value of this pracedure will not be obtawed until @
practical and not too expensive apparatus 1s developed by means of which
at least ten roentgenograms per second may be obtamed sumultaneously
1 two planes at an exposure time of ¥ 4 second wrth electrocardiographi®
control Such an apparatus 1s available but at a cost beyond the reach of
the average mstitution
R 1 1

hy has been developed with the aid of an mtra



CONGENITAL CARDIOVASCULAR ABNORMALITIES 83

cardiac catheter placed at a selected site, forced injection of contrast sub
stance and short exposure ime For example with the catheter placed
m the nght ventnicle 1t 1s possible to ensure good wvisualization of the
nfurdibulum and pulmonary valve Wxth the catheter placed 1n exther the

night or left pul Y nrtery tion can be ok d as to
the t of 'y venous di from erther lung

Retrograde Aorlography When good visualization of the aorta 18

1 the bst: may be injected directly mto the

brachial artery or through a catheter inserted into the exposed brach:al,
external carotid or femoral artery Visuahzation of the site of coarctation
or of the passage of contrast substance from the aorta through a patent
ductus or sortic septal defect may thus be obtained

ST SRS
5.
s

A B <

Figure 2 Pressure tracings from right ventricle A Pulmonary stenosis with
mtact ventnicular septum peaked symmetrical curves B Pulmonary stenosms
with ventricular septal defect asymmetne curve with rapid ascent and plateau
top C Pulmonary hypertension 1tial rapid upslope followed by more gradual
nise to a peak after which there 15 raprd descent to the diastolic level

Cardiac Catheterization Samples of blood are obtamed by directing a
catheter usually inserted through the median basilic or saphenous vein mto
various regions of the heart and great vessels under fluoroscopic control
Samples thus obtaned by venous catheterization and by direct puncture of
the femoral artery may be compared for oxygen and carbon dioxide con
tent Pressures may be measured in the great vems the cardiac chambers,
and the pulmonary artery The rate of oxygen consumption and carbon
dioxide elimination 1s determined by indirect calonmetry With data thus
obtained the cardiac output may be calculated by the Fick prinaiple With
the use of suitable formulae an estitmation may be obtained of the volume
of blood flow through the pulmonary artery, the systemuc arculation and
through intracardiac shunts

Pressure tracings tahen from the nght venincle during cardiac cathe
tenization show differential features (See Fig 2) Curves from a ventncle
which has no adequate outlet as in the case of severe pulmonary stenosis
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and 1ntact ventricular septum, have a peaked symmetrical appearance,
whereas 1n the presence of a ventricular septal defect the curves resemble
those obtamned from a ventricle with a normal valvular outlet They are
asymmetric with a rapid ascent and plateau top 18 Curves from the right
ventricle of patients with pulmonary hypertension tend to show an imtial
rapid upslope followed by a more gradual nse to a peak after which there
18 rapid descent to the ciastolic level 14

The mnformation provided by venous catheterization can be of great
diagnostic value The finding of a significantly higher content of oxygen
mn blood from the night atrium or right ventricle for wstance poimnts to
the presence of an artenal venous shunt into these chambers The spectfic
findings that may be noted n assoctation with mdividual cardiac anoma
ties will be described later 1n a discussion of these lesions

Methods have been devised whereby 1t 18 possible to perform cardiac
catheterization and selective angiocardiography n a single stage procedure
with the simultaneous use of high speed motion picture photography *

Oximetry The oximeter 18 an instrument which records the color
changes due to varying ts of reduced h lobin m the penpheral
arteries of the ear lobes by means of a photoelectnic cell attached to the
pinna It can be used to furnish a record of the changes in artersal oxygen
saturation durning exercise and while breathing 100 per cent oxygen 1¢ In
the normal mndividual there 15 no sigmficant change 1 oxygen saturation
when nising from the supime to the erect position or durning moderate exer
cise  Patients with cyanotic heart disease show a decrease 1n oxygen satu
ration of about 2 per cent when changing to the erect position and a fall
of at least 10 per cent with exercise In the normal individual the artenal
oxygen saturation 1s about 95 per cent Dunng the inhalation of
100 per cent oxygen full saturation 1s obtamed rapdly In cyanotic
patients with right to left shunts the artenal oxygen saturation 1s below
normal The time required to attamn maximum oxygen saturation when
breathing oxygen 1s prolonged and full saturation 1s not reached

The oximeter can also be used to measure the time requured for circul2
tion of mjected dyes such as methylene or Evans blue which possess
absorption charactenstics switable for detection by this instrument The
dye may be mjected erther into the penipheral airculation or directly mto
the night ventncle through 2 cardiac catheter, and the time of armval at
the ear measured wmith the oximeter

Curves obtamned following the injection of dye intravenously have beet
found to have a typical pattern i the presence of left to nght!? and
right to left!® shunts Localzation of the shunt can be determmed bY
intracardrac injection of the dye during cathetenzation

INDIVIDUAL CONGENITAL LESIONS
Acyanotic Leslons

Pericardial Defects These vary from complete absence of the pané
tal layer, as m the nonviable forms of ectopia cordis to a more or 185;
extensive defect of the left side of this structure so that the perxcardi’
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cawvity communicates freely with the left pleura either by a localized open
g with serous margins or by a deficiency so large that the heart and left
lung come to lie 1n a common cavity The left phrenic nerve 1s displaced
to the right 1n a degree 1ncreasing with that of the defect, a point of value
n the diagnosis of congemital ongin  The pathologic sigmficance of this
ol hes mn the at 1 juxtap of the serous surfaces of the

heart and left lung which il to and m
the existence of a cor mcbxle with consequent tendency to kinking of the
great vessels

Ectopla Cordis Rarely the heart may be displaced to the cervical
region More frequently 1t 1s extruded in the thoracic region through a
fissure of the sternum or into the abdomen through a defect in the dia
phragm Comhined sternal and diaphragmatic defects may be present
The only viable forms are those of pectoral heart with infenior sternal
fissure and hoth layers of pericardium present and abdominal heart A
case has been reported of an old soldter who died of mght suppurative
nephntis and who at necropsy was found to have an absent left kidney In
its place lay the heart 1n the pericardial sac with vessels passing mto the
thorax through a diaphragmatic defect There have been recent reparts of
successful surgical reparr of ectopra cordis d in the th
region 19

Anomalous Bands and Chordae These vary considerably 1n pathologic
mterest and m ongin  In the nght atnum a delicate fenestrated mem
brane or system of fine strands (network of Chiart) continuous with the
eustachian or thebestan valves may stretch across the cawvity to be
attached to the upper part of the imnteratral septum or adjacent parts It
represents a persistence of the valvula venosa dextra or suustra and 1s of
little chimeal import except that lt may form a mdus for thrombotic proc

esses leading to pul hordae mn the left
ventricle may occur, somehmes taking origin from the walls of this cavity
and d through the mitral onfice from an

attachment 1n the left or even m the night atnum These may give nise
to unusual adventitious sounds but are othermse ummportant

Anomalies of the Semilunar Cusps 'The aortic and pulmonary cusps
may be increased or dimimished 1n number Supernumerary cusps are
commonest at the pulmonary onfice Four or even five segmenls may exist

and of these two may be lly fused or letely divided pre
senting a combination of both types of anomaly Reduction m number of
cusps 1s I more t than therr Ab d aortic

valve may occur alone or in combination with coarctation of the aorta or
subaortic stenosis The anomaly may constst of only two segments without
trace of a third Commonly one of the two cusps presents on 1ts artenal
surface a low partly obliterated raphe which represents the contiguous
margins of the combined cusps and partly divides the smus of Valsalva
belund 1t The cusps are usually large well formed and perfectly adapted
to close the artenal onfice in the absence of postnatal inflammatory proc

esses which may lead to thickemng and deformities along the Le of
closure resulting in 1incompetence and obstruction Isolated aortic endo
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carditis should lead one to suspect the existence of an underlymg bicuspid
valve of tal origin  Bicuspid pul y valve 1s rarer than sorhic
as an 1solated leston In combination however, with hypoplasia of the
pulmonary artery 1n tetralogv of Fallot 1t 1s & relatively common anomaly
Small, dark red, eircumsenbed nodules on the valve cusps of mnfants
the first months of hfe are due to the formation of localized blood eysts
which hecome mncorporated in the substance of the cusp dunng fetal Ife.
They are of no pathologic 1mportance and should not be nustaken for
endocardial vegetations
Primary Idiopathic Hypertrophy Theoretically this should include
mstances of marked cardiac enlar, 1 mfancy and early childhood
due to primary hypertrophy or hyperplasia of muscle f1ssue In a com
paratively small number of cases the use of this term may still be war
ranted Many cases of cardiac enlargement however, which 1n the past
were cons dered of 1diopathic origin are now recognized to be due to such
disorders as glycogen storage disease avit ) littes of the
coronary vessels endothehal fibroelastosis, hypertension of the greater or
lesser circulation paroxysmal tachycardia, interstitial myocarditis
mors of the heart (congemtal thabdomyomata) also must be considered
1 the differential diagnosts
Endocardial Fibroelastosis (Fetal Endocardiis Endocardial Fibrosls,
Endocardial Sclerosis) -0 Although some degree of endocardial thickenng
may occur secondarily n association with varous cardiac malformations,
endocardial fibroelastosis may also make its appearance n fancy as 4
pnmary developmental disturbance In such cases the left ventricle and
atrium are greatly enlarged with marked thickenng of the endocardium
(sometimes involving the aortie and mitral valves) due to great increase
n the number of elastic fibers with slight excess of collagen ‘There 1s nd
evidence of inflammatory reaction The night ventricle 1s rarely mvohed
unless sclerosts and narrowing of the mutral valve 1s associated  If the child
Lives long enough degenerative changes of the myocardmum may appear
secondary to penetration of the sinusords and thebesian vessels by the
fibroelastic tissue
Infants with this condition are apparently normal at bixth Murmurs
are frequently sbeent The electrocardiogram may show erther no 23S
deviation or left axs deviation n standerd leads but p dral leads
usually present evidence of left ventricular hypertrophy T waves may be
Jow, diphasic or mverted especially m leads I, V5 and V& Due to dumint
1shed contractility an angiocardiogram will show slow emptying of the left
ventricle so that the aortic shadow may be paorly visualized
In young mfants symptoms due to left heart falure with acute pul
monary edema may be sudden 1n ongin and are often preamtated by 4
mnor nfection  Death may occur suddenly or within a brief period of
time More Irequently the infant may respond to treatment and survivé
the mtial attack but will suffer one or more recurrences untid a final
episode results in death some weeks or months later An occasional mfant
may recover and be able to lead a normal life for years even though car
d ly and el drographic abnormalities persist In children 10
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whom symptoms are delayed past the age of two years there 1s a lesser
degree of cardiac hypertrophy and endocardial th:cl\emng and the dxsease
runs a more chronic course The type of end dial sclerosis

with mural thrombosis which has recently been descnbed 1n adults may
have no relation to the developmental malformahon but may be of acqulred
ongin In the adults fibrotic end 1 ch have d ted
although some increase 1n elastic tissue was present

Fiuvre 3 Diagram showing relation of the most frequent site of interventncular
septal defect to the membranous space and to the valses of the heart. P denates
the pulmonse valve A the aortic M the mutral and 7 the tricuspid valves The
dotted area 1n the interventnicular septum denotes the membranous portion of the
septum the broken area the site of septal defect Fibers of the bundle of Hn pass
through the membranous space and the region posterior to the membrane Heart
block 1s unusual 1n association wath the usual subaoritc septal defect.

Various theones to explamn the symptomatology of this leston have been
proposed It has been suggested that the ngid endocardiuum may hmit
diastolic filling and systolic expulsion that st may imterfere with the
Pproper conduction of contrachion impulses and finally that 1t may inter
fere with the blood supply to the myocardwm by preventing normal
emptying of the thebeman veins into the ventricle

Congenital Heart Block  Congemtal heart block may be an mdependent
malfc of the d system o in the absence of any
associated cardiac anomaly

Of the more than 100 cases reported in the literature prior to 1950 only
fourieen cases with graphic proof of the diagnosts had come to necropsy
Six of these presented a normal ventricular septum In one of these six
individuals an ostium primum was present Of the remaimng cases one
showed complete absence of the membranous septum while the others all
presented multiple cardiac anomalies In none was there found the un
complicated subacrtic septal defect in the usual antenor location The
bundle of His hes posterior to the usual high ventnicular septal defect
(Fig 3) Embryologically moreover, the development of the bundle of His
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takes place prior to that of the ventricular septum As a rule, even gross
absence of the atral or ventricular septum need not interfere with the
preservation of conducting tissue The bundle of His may be found in the
rudimentary portion of & ventricular septum or m the postenior wall of a
common ventricle

The criteria for diagnosis of congemtal heart block are the presence of
a slow pulse noted early 1n lfe graphic proof of the existence of heart
block, and the absence of a history of infection, such as rh tic fever
or diphthena, preceding the appearance of a slow pulse The condition has
been diagnosed in utero by the discovery of fetal bradycardia It has
occurred m siblings

mfl;:(?:s 4 tSul]xwmté s;:elnoslsh A band of fibrous tissue F encircles the wall of
eft ventricle just below il W
Pegettrentnicle Just b 1935)e gortic cusps (From Mwr D C and Bro

The 1droventricular rate 1n childhood 1s faster than in adults The rate
can be accelerated during exercise or fever and following the admumstra
tion of atropine or b Shght slowing can he praduced by ocular
pressure  Vanation in the intensity of the first sound may be present Al
nconstant mid diastolic sound or short murmur located to the night of
the ape< 1s not uncommon A low pitched parasternal systolic murmur 33
almost umwversally present and 1s mmdistingmshable from an nnocent
functional murmur The presence of such a murmur has frequently been
the only basis for the clmical diagnosis of ventricular septal defect The
heart usually seems top normal mn size or shghtly enlarged In the absence
o ted cardiac hes the t 1s normal It has been sug
gested that the auscultatory findings and cardiomegaly noted 1n patient>
with complete heart block may be related to the large stroke volume
associated with the slow heart rate and the resultant large end diastohc
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heart volume ! The prognosis varies with the pre.ence and sevenity of
associated abnormalities  When complete heart block 1s the sole anomaly,
the condition may be asymptomatic and compatible with a long lfe?
Stokes Adams attacks have been reported 1n about 15 per cent of the cases
usually associated with severe cardiac defects Their occutrence 1s serious
but when present in early hfe they have in 1solated cases been known to
disappear Pregnancy seems to be well tolerated

Congenital Aortic Stenosls 2 This may 1nvolve the aortic valve or the
subaortic region of the left ventrnicle Subaortxc stenosis may be due to
muscular hypertrophy or more ly to an lar fibrous thick
of the endocardium of the left ventncle located 1 to 2 centimeters below
the valve often involving the base of the anterior segment of the aortic
valve The posteromedial attachment may involve the ventncular aspect
of the aortic leaflet of the mitral valve (Fig 4) This nm of thickened
tissue may become calaified 1n later Life and serve as a site for the develop
ment of bactenal endocarditts More rarely a diaphragm situated below
the aortic valve blocks the egress of blood except through a small onfice
In valvular stenosis surgical expenence has disclosed the f;
of sclerotic formed cusps with thichened fused commussures Poststenotic
dilatation often develops beyond the site of stenosis In subaortic stenosis
such dilatation may include the aortic valvular ring and sinuses of Val
salva Valvular and subaortic stenosis usually occur separately but may
be combimed Coarctation of the aorta endothelial fibroelastosis or patent
ductus arteriosus may be associated with aortic stenosis Cases have been
reported of bined aortic and pul y st and of
ventricular septal defect

Both valvular and subaortic stenosts may show varymg degrees of
seventy and can rarely be diff 1ated lly m hfe St may be
so slight as to remain asymptomatic or so severe as to result in congestive
failure and death in infancy It may increase n severity with time

The dition may be suspected 1n the p of a harsh systolic mur
mur and coarse thnll maximum 1n the first three mtercostal spaces below
the right clavicle d to the ternal notch and the vessels

of the neck The murmur may be heard throughout the chest 1n children
In infancy 1t may resemble that of a ventricular septal defect and be heard
best n the third and fourth intercostal spaces to the left of the sternum
‘The second aortic sound may be weak or absent but 1s often normal When
the st 1s of fi degree hic and elect di
graphic evidence of left ventricular hypertrophy may be noted Marked
cardiac enlargement however occurs only as a result of dilatation of the
left ventnicle due to falure or to ted aortic fi The
ascending aorta may be dilated

Although signs may be stnking symptoms are often absent for many
years With severe stenosts, growth and development are retarded There
15 a tendency to sudden death or to the early development of congestive
farlure 'The presence of symptoms such as fatigue dyspnea or dizziness
on exertion or syncopal attacks indicates that stenosis 1s severe and com
pensation inadequate The presence of weak peripheral artenal pulsations
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associated with Jow pulse pressure and the appearance of progressie
changes 1 the electrocardiogram with increasing inversion of T waves n
the left precordial leads are also omnous findings

Indirect tracings from the carotid artery will show anacrotic notching
Direct proof of the presence of aortic stenosis may be established by cathe
tenzation of the left side of the heart which will reveal a gradient 1n systolte
pressure from ventncle to aorta The absence of a pressure gradient with
the patient under anesthesia may be misleading since the gradient depend
not only on the size of the opening but also on the rate of flow The flow
ncreases during exercise but may be dimimshed when the patient is at
rest under anesthesia

Surgical procedures are now available to relieve aortic stenosis under
drrect vision with the aid of hy pothermmia or extracorporeal circulation The
operation does not restore the valve to normal and if 1t results 1n aortic
msufficiency the individual may be m a worse state than belore Operation
should be advised only after careful study and observation of the indtvidual
when signs of deterioration have begun to make their appearance

Congenrtel Mitral Stenosts Thus lesion 1s often associated with endo
thehal fibroelastosis and/or coarctation of the aorta The mtral valve 15
greatly modified m appearance presenting nodular thickened rigid cusps
fused to form a funnel like orifice sometimes associated wath a perforated
shelf or membrane at the base The chordae tendineae are shortened and
thichened An hypertrophied dilated left atrium 1s frequently associated
Dep-nding on the presence or ab of ted 1 such as
coarctation or aortic stenosis, the left ventricle 1n reported cases has been
large normal or small Of fourteen necropsied cases reported 1o the hitera
ture a presystolic or drastohe apteal murmur was described n fise and only
2 systolic murmur 1n five All but one of these indviduals died of con
gestive fallure at a relatively early age (sicteen months to three years)
The author has seen four children with coarctation who presented the
typical presystolic murmur of mitral stenosts The coarctation was su¢
cessfully resected in all of these children by Dr Jultan Johnson Smee
the possibility of performing a successful valy otomy on congentally
stenotic valves seemed shim, 1t was deemed advisable to defer operation on
the mutral valve as long as these children remamned symptom free Three
cases of valvotomy for congenttal mitral stenosis have heen reported *

Pulmonary Stenosis with Intact Ventricular Septum and Closed Ford
men Ovale {Pure Pulmonary Stenosis) In the majonty of cases the
site of stenosis 1s at the pulmonary valve Commeonly the leaflets of the
valve are fused to form a dome shaped structure with a <mall central
aperture  Less frequently the cusps are thickened and deformed creating
a shit shaped opening In a minonity of cases the site of stenosis may be at
the upper mud or lower portion of the nfundibulum Valvular and infun
dibular st may be bined The pul v artery 1s frequently
dilated beyond the site of stenosis As a result of the stenosis the work
of the nght ventncle increases and the systolic pressure wathin the
ventnicle nses The pulmonary flow 1s equal to the systemc flow as Jong
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as the nght ventricle by increased work and nse 1n pressure can provide an
adequate output against the resistance of the stenotic pulmonary valve
Cyanosts 1s not present when the atnal septum 1s mtact With mild or

derate degrees of st the indivadual may be asy tic well

nto adult ife In the presence of marked stenosis fatigue and dyspnea on

exertion may mahe their 1 early life progressively

with age Bacternal end ditis 1s an 1 lication Death not
ly 15 due to tive farlure

Physical exammation reveals a systolic thnll mn the pulmonary area a
single or narronly reduphcated second pulmonic sound often of dimmshed
mtensity a systohe over the pul y area fre
quently heard over the entire chest Enlargement of the night atrium and
nght ventncle will be noted on the roentgenogrem There may be dis
proportionate enlargement of the main and left pulmonary artery as com
pared with the rght pulmonary artery with normal or dimumished vascu
lanty 1n the penpheral lung fields The electrocerdiogram may range from
normal to one showing a severe degree of nght ventricular preponderance
depending on the seventy and duration of stenosis High P waves are
common In severe cases S T depression and imverted T waves may be
present 1n leads 2 and 3 and n the precordial leads Polycytherma 1s
absent the oxygen saturation 1s normal the arculation time 1s normal
unless congestive failure 1s present when 1t may be prolonged Catheter:
zation will reveal mcreased systohic pressure m the right ventricle which
may exceed systemic pressure Pressure tracings from the nght ventricle
show curves with a peaked symmetrical appearance (Fig 2) The systohc
pressure in the pulmonary artery will be low The site of stenosis may be
determined by noting the pressure changes as the catheter 1s withdrawn
from the pulmonary artery into the nght veniricle In valvular stenosis
there 15 an abrupt change of pressure at the valve Whereas i infundibular
stenosis there 15 a transifional zone of intermediate pressure as the catheter
passes through the infundibular chamber Selective angiocardiography
with the tip of the catheter n the outflow tract of the night ventricle may
provxde good wsualxzahon of the stenotic site

y or Imfl will reheve the stramn on the nght
ventricle The creation of a shunt between the systemic and pulmonary
crreulation 1s of no value since the arterral blood 1s fully saturated and the
volume of pulmonary blood 1s adequate Operation 1s not indicated 1n the
asymptomatic individual with only shght hypertensxon m the nght ven
tnele Tt should be r ded 1n the mdividual with maﬂ\ed or pro
gressive cardiac enlargement sy n
the electrocardiogram or a systolic pressure m the nght ventnicle greater
than 100 mm of mercury

Lesions of Arterlovenous Shunt
Persistent Patency of the Ductus Arteriosus The ductus arteriosus
may persist as a short canal or rarely as a direct onfice between the night
wall of the descending arch of the aorta and the pulmonary artery or 1ts
left branch The diameter of the lumen may vary from the size of a fine
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probe or bristle to 1 cm or more The ductus 15 often of wide diameter at
1ts aortic end where 1t may appear at the bottom of a tent shaped depres
ston  Atherosclerosis or calafication of the walls of the ductus and pul
monary artery may predispose to the formation of thromb or to rupture
of these vessels The primary shunt of blood from the aorta into the pul
monary artery results in enlargement of the pulmonary artery and s
branches varying in degree with the size of the lumen and the extent of
the shunt It has been estimated that the leah from the aorta n the
majonty of patients 1s from 20 to 40 per cent although in severe cases
1t has ranged up to 70 per cent The output of the left ventricle exceeds
that of the nght ventnicle by the amount which enters the ductus
In most mstances the lungs accommodate themselves to the increased

Ficure 5 Roentgen
TI08Us (d v

ograms from thirteen year old gl with patent ductus arte-
Slight enl. Y

ol r
Tlerixlr::nt n A P and nght oblique view cardiac contour otherwise within normal

pulmonary blood flow wrthout ficant 1n If the
ductus 1s wide and short however, a large volume of blooa 15 shunted mnto
the Iungs under systemic pressure As a result there may be POS“‘“"I
persistence of the medial hypertrophy which occurs normally 1n the pul
monary artertoles of the fetus Artenolar resistance and pulmonary
pressure remain high and the work of the mght ventricle ncreases
The lesion occurs most frequently in females Except for an occasional
mfant who develops congestive failure there are often no symptoms 1
childbood  Cyanosis 1s not present if normal pressure relations 1n the
aorta and pulmonary artery prevail If the shunt 1s large there may be
mterference with growth and development because of the decreased blood
supply to the periphery Tachypnea or dyspnea on exertion may be 2
pr t sympt A f lication 15 the devel t of bac
tenal endarterttis appeanng first around the margins of the pulmonary
end of the ductus or on the opposite wall of the pulmonary artery but
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ultimately involving the aortic onfice and leading to the formation of
vegetations within the heart itself Death may be due to cardiac failure
usually left ventncular 1n winfancy, often nght ventnicular in later ife

A systolic thnll may be felt to the left of the upper sternum in seventy
per cent The second pulmonic sound 1s accentuated unless obscured by
the murmur The pathognomomc finding 1s a continuous murmur below
the left clavicle which begins at vanous intervals after the first sound
attains 1ts maximum 1intensity late in systole and early 1n diastole after
which 1t fades anay Varying degrees of intensity and of transmussion
may occur ranging from a soft contmnuous humming blow localized to a
small area within a single 1nterspace to a loud, thundening machmers
murmur audible over four or more mnterspaces The systolic component may

1'2":-2.%!
m‘," I
=
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FiGure 6 Patent ductus artenosus Roentgenograms from nine year old girl
with precordial bulge coarse parasternal systolic thrill thundenng continuous
murmur below left clavicle systohic murmur elsewhere over chest wide pu]se
pressure normal ECG Marked cardiac to left and
A P view with prominence n pulmonic region and enlarged hilar shadows Iateral
View shows enl: (right (left
Ligation of large patent ductus at the age of sxteen s years by Dr Julian Johnson
resulted in return of cardiac size to normal (see Fig 8) wath diszppearance of
thnll and murmurs

be heard with lessened intensity over the dial region and 11y

over the entire chest as well as m the carotid and axillary artenies A mxd

diastolic blow 1s often present to the nght of the apex when the heart 1s
large If the shunt 1s sufficiently great the fall in dastolic level of blood
pressure will result 1n increased pulse pressure with capillary and Corngan
pulse

Roentgenogram (Figs 5 6 9) If the shunt 1s small the heart 1s of
normal size and contour even though a continuous murmur 1s present
In a review of the of 124 chidren wmith
patent ductus proven by operation the heart was within normal Lirmts of
size m 32 per cent shghtly or moderately enlarged 1in 36 per cent greatly

Pages 73 to 140F replace former pages 3to140 € 1959




94 CARDIOVASCULAR DISEASE

enlarged 1n 32 per cent "> The left ventricle was involved 1n all hearts in
which cardiac enlargement was present Enlargement of the left atnum
was noted 1n 20 per cent of the group and in 50 per cent of the greatly
enlarged hearts Only in hearts of great size could enlargement of the
nght atrium and nght ventrncle be rec d The pul y segment
was prominent n 70 per cent associated with mcreased vascularity of the
lung fields 1 60 per cent

FIGURE 7 Patent ductus arteriosus Aortogram from three year old boy who

presented a systolic murmur over the entire chest maximum third 1nte rspace left

of sternum with no drastolic component marked cardiac enlargement enlarged

pulmonary artery and branches Passage of contrast medium from the aorta 1mt¢
A

the 'y artery 1s 1 t b
Dr Earl Wrenn a large ductus was severed

The electrocardiogram 1s within normal imits or shows some evidencé
of left ventricular enlargement 1n precordral leads A high R and small 8
wn leads to the right of the precordum may be noted 1n the infant of
small child  Prolongation of P R and delayed ventricular actwation m V*
suggestive of night bundle branch block oceurs rarely Broad notched
waves diphasic or mverted T waves may be noted occasionally in mndwd
uals with defimite cardiac enlargement

Catheterization of the heart reveals a content of oxygen n the blood
from the pul y artery ficantly greater than that m the nght
ventricle Pressure 1 the night ventricle and pulmonary artery may be
normal or increased It may be possible to pass the catheter from the
pulmonary artery through the ductus into the descending aorta
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Angiocardiography Vanous mdirect signs have been descnibed which
may lead one to suspect the presence of a patent ductus Except for
early hzation of the d ding aorta 1n the presence of a reverse
ductus angiocardiography however 1s less satisfactory than aortography
Aortograms will demonstrate the passage of contrast medmum from the
aorta into the pulmonary artery through the ductus (Fig 7)

The continuous murmur of a patent ductus 13 heard only when the
pressure 1n the aorta 1s higher than the pressure in the pulmonary artery
both 1n systole and 1n diastole In the of pul y hypertension
shunting of blaod may occur only durng systole and only a systolic mur
mur may be heard In rare cases no murmur may be heard presumably
because of balanced pressure i the great vessels Dunng fetal life the
pressure 1n the pulmonary artery 1s relatively high while the pressure in
the aorta 15 lon With expansion of the Jungs and disappearance of medial
hypertrophy m the intrapulmonary artenocles pulmonary resistance falls
At birth and for a varying peniod subsequently no murmur or only a
systolic murmur may be associated with a patent ductus As the aortic

pressure and the pul y pressure decreases the diastolic
p mahes 1ts app Later in Ife the continuous murmur
may d with the app of pulmonary hypertension or during

congestive failure It may never be present if for any reason fetal pul
monary hypertension persists into postnatal Iife
The followmng case report 1s of Interest since 1t exemphfies the posst
bility of death in early youth due to heart failure and also provides an
ple of the d. of a continuous murmur during congestive
fatlure

Case Report Patent ductus arteriosus ntracardac mural thrombi recent
small hemorrhagic nfarct of Iung Death due to cardiac failure

F fourteen years First scen at the age of six years by Dr F C Wood 1n
Aprl 1933 at the Children s Cardiac Chiuc of the Hospital of the Umversity of
Pennsylvama The heart was enlarged and presented a rough pulmonee systolic
thnill a to and fro machinery murmur in the second left intercostal space a
rough systolic murmur 1n the thurd 1ntercostal space and a softer systolic murmur
at the apex The electrocardiogram was normal A diagnosis of patent ductus
arteriosus was made

On her last visit to the chimic in February 1939 a loud machinery murmur
and coarse continuous thrill were present in the pulmonary area A systolic
murmur was audible over the lower precordium also over the left carotid and
left axllary arteries The second sound was ok 1 by the h
murmur Blood pressure was 100,60 She was lost sight of untill March 1940
when the writer chanced to meet her 1 one of the public high schools She had
been attending school regularly and mn the absence of symptoms had decided
that attendance at the clinic was unnecessary A thundering machinery murmur
uas still present

Two months later she was admtted to the University Hospital on the service
ot Dr O H P Pepper One week prior to admission she had fainted while
leaving church During the succeeding week she suffered from weakness and
anvrevia  On admission the patient was markedly pale but did not appear un
comfortable The apex beat was situated at the anterior axillary lime A rough
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systolic murmur and systolic thrill were present in the pulmonic area no other
murmur could be detected The second pulmonic sound was accentuated.
The lLiver was not felt Three days later her condition suddenly became
critical with the devel of severe abd I pain and marked
enlargement and tenderness of the hver An electrocardiogram taken at
this time was interpreted as showing occasional 2 1 nght bundle branch
block She dred on the following day of acute right sided heart faslure Some
hours prioe to her death she was seen by Dr Wood who seven years before had
made the first notation concerning her machinery murmur He commented on
the absence of murmurs at this final N 'l d by Dr

Sheldon revealed about 100 cc clear flud 1n the pericardial cavity 200 cc m
each pleural cavity and 400 cc 1n the peritoneal cavity The ltver was enlarged
6 cm below the costal margin  Heart weight 460 Gm  All chambers were
dilated especially the left ventnicle The muteal valve was somewhat thickened
with small pale nodules along the free margin  Loosely attached thromb were
present 1n the columnae carnae of the left ventricle The tip of the tight aurtcul
was filled wath a clot firmly attached to the wall The foramen ovale was ¢losed

‘The eircumference of the aortic valve was 5 em. the pulmonic 6 cm , the mtral

105 em and the tricuspid 13 cm The left ventricular wall was 09 to 12 em.
thick the right ventricle 03 em A 3 mm patent ductus was present Abouta
dozen pinhead s1zed nodules were attached to the thickened edges of the ductts

The aorta was small Microscopically the nutral valve showed rrregular thick

emng but no exudate The ymmediate cause of the terminal cardiac falure

1 obscure cl Ily and pathol 1

The value of closure of a patent ductus by higation or dvision has been
proven in thousands of cases Symptoms disappear and the heart retums
to normal size following suecessful operation 1n early life (Fig 8) The
death rate n 3433 operations 1n fifteen surgical conters m the United
States was 19 per cent © Since the closure of a patent ductus 1s a?
extracardiac procedure relatively free from nsh 1t should be recommended
for all children provided an anesthetist expertenced 1n the use of 1ntrd
tracheal anesthesia 1 childhood and a shilled vascular surgeon are
avalable If the chagnosis can be made within the first year the oper2
tion may be performed at that time If not 1t 15 wise to wart untd the
negatistic period 1s past (at about four years) so that the chld may 82

tl;mugh the ure wath psychol trauma Because
g and caleification the hazard of hemorrhage mcreases
with age

Successful higatton in the presence of bactenal vegetations has beed
performed with cure due to surgery alone m 61 per cent of thuty
three reported operations Ligation for the treatment of bactenal endar
tentis 1s of value only 1f bactenal vegetations are confined to the ductts
It cannot be expected to influence vegetabions which have ivaded the
beart atself At this early stage pemeillm or other antibiotics adpunstered
mn sufficiently large doses would probably produce equally good result®
without running the nsk of rupture of the friable mflamed ductus through
operative intervention Ligation in the presence of bactenal mfection
should probably be reserved for mnfections due to orgamsms recistant 10



CONGENITAL CARDIOVASCULAR ABNORMALITIES 97

the known antibiotics or for individuals with heart failure After recovery
closure of the ductus would be advisable

A noncyanotic individual with typical continuous murmur normal
electrocardiogram or one which shows evidence of left ventricular hyper
trophy, normal or increased vasculanty in the lung fields may be referred
for operation without further studies The existence of a septal defect or
mtral disease would be no contraindication to closure of the ductus If
coarctation 15 present the major procedure would be resection of the con

FIGURE 8 Decrease 1n size of heart following hgation of ductus arteriosus Solid
line 7/5/40 (twelve days before operation) cardiac area 71 per cent above pre
dicted normal broken line 10/1/40 cardiac area 29 per cent above predicted
normal dotted line 5/25/43 cardiac area at upper normal luruts Note elevatton
of diaphragm with decrease in size of heart (see Fig 6)

stricted segment in the aorta division of the ductus bemng performed
mcidentally Operation 1s contraindicated mn the presence of lestons such
as pulmonary atresia for which patency of the ductus 18 compensatory
Such lesions would be ted
airculation and evidence of night ventricular prepunderance m the electro
cardiogram

In the mnfant with no murmur or a systolic murmur and congestive
failure 1n whom the presence of a patent ductus 1s suspected aortography
15 the best d to blish the d (Fig 7) In the older
mdiidual cardiac catheterization 1s more valuable since 1t will supply
nformation as to the degree of hypertension and extent of pulmonary
flow (Fig 9) Closure of a ductus in the presence of pulmonary hyper
tenston with high diastolic pressure can sometimes be performed safely m
the child whereas 1t would be a hazardous procedure m the adult In the
adult progressive and 1rreversible mntimal fibrosis may have increased the
pulmonary resistance to such a degree as to make the patent ductus an
essential safety valve to the right heart

Differential Diagnosis Errorsn d may result from the presence
of a continuous murmur ansing from sources other than a patent ductus
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The normal tenous hum 1s often mustaken for the murmur of a patent
ductus The venous hum as a rule 1s heard only 1n the erect positron
below the rnight clavicle or over the manubrium, and 1s accentuated by
extension of the nech or by turming the head to the opposite side The
murmur of a patent ductus 1s heard best below the left clavicle mn the re-
cumbent positton and 1s not infiuenced by movement of the head Contin
uous murmurs due to artertorenous fistulas of the thoracic wall or of the
coronary artertes have been mistaken for murmurs ansing from a patent

FIGURE 9 Patent ductus arteriosus Roentgenograms frora eight yeat old gil
with precordial bulge systolic murmue helow lefe clavicle and i pasterior Lef
fhest diastolic blow left of sternum, slight night axis deviation n standard hmb
eads blood pressure 90/50 Note prominent pulmonary arc and hilar vasculat
shadows bnenincular enlargement Cathetertzation showed oxygen content o
blood in nght ventncle to be 120 vol per cent and in mam pulmonary arten
147 mean pressure in nght ventnicle 40 mm Hg and 1n pulmonary arters 66 mim:
Ligation of Jarge ductus by Dr Juhian Johnson was followed by drsappearance of
;?1‘1‘1“1:‘:; Heart of normal s1ze six years after operation but pulmonary arter)

ductus Ruptured sinus of Valsalta and ventricular septal defect nith d¢
formed aortic Lalve leading to aortic wmsufficiency each present some chat
cal features mmlar to those noted with a patent ductus Rarely a oft
continuous murmur may be heard below the left clavicle mn nfants with
total \! 1 'y venous d; 1nto a left vertical vemn The
lesion that 15 most difficult to differentiate 1s an aortic septal defect

An aortic septal defect (aortic window)®" consists of a Jocalized com
munication between the aorta and pulmonary artery situated just abore
the semilunar valves The physiologic effect 1s stmular to that produced by
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a patent ductus As 2 result the diagnosis has only rarely been made in
advance of operation for a suspected patent ductus Pulmonary hyperten
ston 15 frequently present In such cases a systolic murmur or no murmur
may be noted rather than a continuous murmur Fluoroscopic examimation
may reveal marked dilatation and mncreased pulsation of the ascending
aorta A retrograde arterrogram will show opacification of the mam pul
monary artery A catheter passed through the defect would move up the
arch of the aorta nstead of down the descending aorta

If a venoarterial shunt 1s present the differentiation of patent ductus
and aortic window could be made by angiocardiography A septal defect
would show sumultaneous filing of the ding aorta and pul y
artery A patent ductus with reverse flow would show early opacification
of the descending aorta from the pulmonary artery, with later filling of the
ascending aorta when the contrast medium had passed through the left
venincle In a patient with reverse ductus the arteral oxygen saturation
n the nght arm would be normal as compared with decreased oxygen
saturation 1n the lower extremities whereas the oxygen saturation would
be low 1n all four extremities in an individual with an aortic window

In a few 1solated cases an aortic septal defect has been closed surgrcally
but the pracedure 1s techmically difficult because of the location of the
defect behund the pulmonary trunk in close approximation to the aortic
valve and to the origin of the coronary arteries

Defects of the Ventricular Septum °8 Locahized defects resulting from
farlure of the bulbar septum to descend to meet the ventricular septum
usually he at the base i relation to the ant: part of the 1 us
septumn and open into the smus of the nght ventricle belund the septal
cusp of the tncuspid valve or rarely into the floor of the nght atnum Less
frequently the defect lies m the extreme anterior part of the septum and
opens into the conus of the night ventricle just below the pulmonary valve
Rarely one or more perforations may be situated in the lower part
of the muscular septum.

The lesion frequently runs a less course with a long
and healthy Ife In extreme contrast are the infants with large defects
who die of failure ted with pul y emphysema and

recurrent pulmonary edema In the absence of comphcahons such as pneu
moma heart farlure or pulmonary hypertension there 1s no cyanosis Oc
castonally the defect may imvolve the septal cusp of tha aortic \alve or the

median cusp of the tricuspd valve which r y ork
adherent to the septum (Fig 3) The result:mt regurgxtatmn may Iead
to early cardiac failure The major 15 the d of

bacterral endocardifis about the edges of the defect or on the fibrous patch
on the opposite wall of the nght ventncle which results from the force of
the stream shunted through the defect.

Cardiac enl 15 vanable d ding on the size of the onfice and
the degree of the shunt A systolic thrill may be present to the left of the
sternum at the level of the tiurd and fourth intercostal spaces accom
pamed by a prolonged systolic murmur with maximum mtensity at this
same area, frequently transmutted to the apex sometimes present m the
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left interscapular region or over the entire chest The second pulmonic
sound 1s normal or moderately accentuated The cardiac contour 18 normal
or may show varying degrees of enlargement of both the right and left
ventricles, best observed 1n the left anterior oblique position An enlarged
pul arc 1s not unless the shunt 1s very large or enters the
nght ventricle directly below the pulmome valve In the uncompheated
case the electrocardiogram 1s normal or may show evidence of biventrictt
far enlargement w the precordial leads In the presence of heart failure
and marked cardiac enlargement mnversion of T waves and prolongation of
P R may be noted The pattern of nght ventricular preponderance may
appear 1n association with marked pulmonary hypertension The chmeat
association between ventncular septal defect and congemtal heart bloch1s
frequently reported but has not been substantiated by necropsy findings
Catheterization reveals an oxygen content m the blood of the night ven
tricle sigmificantly higher than in the nght atrium Pressure readings 10
the right ventricle and pulmonary artery may be normal or elevated de
pending on the presence of changes n the arterioles of the lung Jeadmg to
1ncreased resistance and pulmonary hy pertension

An improved understanding of the hemodynamics of this lesion has beet
developed 1n recent years by Seltzer ~z A ventricular septal defect creates
a situation w which the left ventricle can pump blood through two outlets
~—the aorta and the defect Since the normal pressure m the right venin
cle 1s relatwvely lon the right ventricle provides an outlet of low resistance
through which the major volume of blood mught flow A small orifice wouk
create sufficient resistance to it the flow through the defect Qeltzer
estimates that 1n the adult defects smaller than 15 em 1n diameter 7€
consistent with normal pressure relations between the two ventricles and
the nce of an adequate blood flow even though the it
monary blood flow may be greater m volume than the systemic flow With
larger defects however a disproportionate amount of blood would be
ejected mto the night ventricle under systemic pressure To mamtan an
adequate systemic crrculation the resistance wn the lungs must be 1
creased This 1s accomplished by persistence of the medial hy pertrophy 1
the pulmonary arterioles which 1s normal in the fetus The systohc Dres
sure 1n the two ventricles becomes equalized The shunt may be predomt
nantly left to nght or lidirectional Due to p fibratic thucl etng
of the mtma pulmonary pressure continues to increase Ultimately the
shunt becomes predominantly right to left with the appearancé o
anoxemia and cyanosis Since the upper portion of the ventricular septunt
anatormically runs a spiral course the “ortic root may come 1n contact witl
bath ventricles when the anterior part of the membrancus septum % ab
sent Such a conditton morphol lly and functionally resembles the
Eisenmenger complex 1n which an anatomically destroposed aorta 0véf
r1des a ventricular septal defect

Due to the close relation of the usual subaortic defect to valve leaflets
satisfactory closure of the defect can be performed only under direct vision

with the aid of extracorporeal circulation  Such operations are now being
performed successtully
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Ventricular Septal Defect and Pulmonary Stenosls 36 These may be
combined and may occur 1n association with an artenovenous shunt The
degree of pulmonary stenosig, which may be valvular infundibular or both
15 not great The pressure mn the nght ventncle 1s increased but the pres
sure 1n the pulmonary artery may be normal or moderately elevated This
syndrome 15 sometimes called an ‘acyanotic tetralogy of Fallot

In assoctation with a very large artenovenous flow through an atnal or
ventncular septal defect a gradient ranging from 10 to 40 mm of Hg
presumably due to the Ventur1 mechamism may be present between the
night ventncle and a normal pulmonary valve

Defects of the Atrial Septum ° Probe patency of the foramen ovale
exists 1n some 20 per cent of normal hearts and should not be consid
ered abnormal Under conditions which raise the pressure in the night
atnum such an Ily open but fi lly closed may
become patent and blood and embol be transmitted tnto the left atrnum
whereas increased pressure in the left atrium favors closure due to a valve
Iike achon of the foramen ovale An anomalous atnal sepfal defect may
be situated above the foramen ovale 1n the upper posterior portion of the
septum (stnus venosus defect) 1n which case the mght pulmonary vemns
may be displaced mnto the nght atnum or below the foramen ovale
1n the lower part of the septum (persistent ostium pnimum) with the upper
margin formed by the lower free border of the atral septum, i which
event associated cleavage of the antenor segment of the mitral valve may

di a 1 mtral liil y Most {i tly the defect 1s
due to congemtal absence of all or part of the valve of the foramen (per
sistent osttum secundum) Defects may be single or multiple and of
varying size

Although the pressure differential between the atna 1s small the size of
the defect may be sufficiently great to perrmt a large flow of blood into
the nght atrmum The night atnum night ventncle pulmonary artery and
its branches become enl Jerotic and ath h may
develop in the walls of the pulmonary vessels Although the excess blood 1s
returned to the left atrium 1t 1s again shunted through the defect into the
right atrium The left atrium left ventricle and aorta remam relatively
small The pulmonary flow 1s greater than normal but the systemic flow
remains within normal range Over the course of years intimal fibrosis may
develop wathin the pul y arterioles the remstance suffi
ciently to produce pulmonary hypertension In such cases there may be a
reversal of flow from nght to left with the appearance of anoxemia and
cyanosis

The lesion occurs most frequently 1 females The defect may present
no chimeal signs and be unrecogmzed 1n hfe Cyanosis 1s not present in the
absence of heart falure or pulmonary hypertension suffictently great to
produce a reversal of flow through the defect Signs of dimmished flow
through the aorta—slight build frail health low blood pressure and small
radial pulse—may be present 1f the shunt 1s sufficiently great The capac
1ty for exercise 1s often good repeated pregnancies and surgical operahions
have been well borne In the past supenmposed rheumatic infection has
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been a frequent complication, usually resulting in rutral stenosis often
with atnal fibnllation, but other valves may be attacked and adhesve
penicarditis may be ted The combination of atnal septal defect and
mutral stenosis (Lutembacher syndrome) leads to the most extreme degree
of enlargement of the right side of the heart Bactenal endocarditis is rare
Thromb of the pul 'y artery with embolic lesions of the lung may
develop on the basis of sclerotic changes mn the vessel wall The most fre-
quent cause of death 1s congestive heart failure, typically night ventncular
With lestons of sufficient size left sided chest deformity may result from
the marked cardiac enlargement The second pulmome sound 1s accentu
ated and widely split Although murmurs are frequently present 1t 1s ques
tronable whether they are ever due to the lesion itself A fant systolic thrll
and low priched systolic murmur noted over the pulmome area are prob
ably due to dilatation of the pulmonary artery with relahive stenosis of
the less distended pulmonary ring In older individuals a diastolic murmur
along the Jeft side of the sternum due to relative pulmonary insufficiency
may appear A mud diastolic blow or third heart sound mav be heard to the
left of the lower sternum Defects at the lower part of the septum assoct
ated with extensive deformities of the atrioventricular valves may give nse
to a systolic murmur best heard at the apex or tricusprd area When mitral
stenosis 1s present the characteristic diastohc rumble may be heard to the
right of the apex The roentgenographic contour may be normal 1f the
shunt 1s small If the shunt 1s sufficiently great there will be evidence of
dilatation of the nght side of the heart In mfancy, the heart may present
a globular shadow 1n nud position due to the primary dilatation of the
nght atnum  In later life the characterstic features in the anteroposternor
view are enlargement of the cardiac shadow more pronounced to the left
although due to enlargement of the night ventricle a small aortic knob,
t rounded pul arc enlarged, pulsating hilar shadows con
trasting with the clear lung fields (Fig 10) In the night anterior obhque
position there 1s no enlargement of the left atrium unless ritral stenosis 15
present In the left antenor oblique position the aortic window 1s obscured
by the enlarged left branch of the pulmonary artery and the antenor <
face of the heart shows increased saliency In a mmonty of cases wath
terminal fadure mstead of the typical configuration the heart presents 2
farge globular shadow r g that due to pencardial effusion o
extreme acute cardiac dilatation
The electrocardiogram may be normal if the defect 15 small With large
defects and defintte cardiac enlargement there may be right axis denation
evidence of right ventricular enlargement 1n precordial leads prulongﬂd
PR delayed conduction within the nght ventricle ranging from simple
notching to bundle branch bloch and depressed ST and inversion of
waves in Leads II and III Atral fibrillation 15 a late finding in rheumatit
hearts or mn the older individual
With ostum primum and deformuty of the atroventricular valves the
electrocardiogram as well as the murmur duffers from that noted it
atnal defects not associated with valvular deformity ~Standard Tim
leads show promnent S waves and left axis deviation whereas Prec"’d"d
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leads show features characteristic of bnventricular enlargement The
chimeal picture resembles that seen with common atrioventricular canal
rather than with a sumple atnial defect

diography may d rate the extreme enlargement of the
nght hearf and pulmonary artery and the presence of a small aorta With
a large defect there may be continuous visualization of all chambers and
the pulmonary artery when the left heart has become opacified due to the
left to night shunt through the atnal defect Catheter:=ation will reveal
an oxygen content of blood n the nght atnum sigmficantly higher than
n the vena cava Defimtive proof of the diagnosis 13 obtained if 1n addh
tion the catheter 1s passed directly through the defect into the left atrum
where arterial blood may be obtained

r“v‘ _w-a7 E!’,Y"E \,_\)
- X N i -
4|
- T i
e P 7
o TRE =
Pl = wrent b
- >
g @
<
-’,' 4 6\ P
LY

ey

FIGURE 10 Decrease In cardiac size following closure of an atnal septal defect
n a fen year old girl A Roentgenogram taken on day preceding operahon Note
cardiac enl: and y vascular shadows B Two weeks
after closure of atnial defeet (From Ash R Johnson J Koop C E Fred
man S and Rashkind W Cardiovascular Surgery in a Children s Hospital
I Acyanotic Lesions A Review of 241 Operations J Pediat 54 133 1959 )

Closure of atnal septal defects under direct vision with the aid of hypo
thermia and arculatory stasis or of extracorporeal crrculation 1s now
bemng perf —med successfully The nsk 15 minmmal when the lesion 1s situ
ated 1n the ~-gion of the f dum3 D of the mur
mur and decrease 1n the size of the heart may occur rapxdly Since endo
carditis rarely develops closure of an atnal septal defect 1> essential only
when 1t 15 advisable to reduce the work of the heart Small defects need
not be closed Operation should be advised when there 1s electrocardio
graphic and roentgenographic evidence of enlargement of the nght side of
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the heart together with a pulmonary flow at least twice the systemic flow
Operation 15 contraindicated m the presence of pulmonary hypertension
with igh diastohic pressure when the pulmonary blood flow has become
normal or only shghtly ncreased In the presence of such a degree of
pulmonary hypertension the atnal defect functions as a safety valve to
the night side of the heart
Closure of defects <ituated near the atnoventncular valves (ostium
primum) carries a higher operative nish and should be performed only
with the aid of extracorporeal circulation
Partial A /] Pull Yy Venous C jan (Partial Transposl
Hon of Pulmonary Yeins) One or more of the nght pulmonary veins dran
into the nght atrium either directly or wvia the superior or mnferror vena
cava An atrial septal defect 15 frequently present When the vemns drain
1mto the superior vena cava the septal defect 1s usually situated above the
foramen ovale w the region of the pnmutme sinus venosus When the
anomalous vessel drans nto the inferior vena cava a bandlthe vascular
shadow parallel or posterior to the mpht side of the heart, which dis
appears 1n the regron of the right cardiodiaphragmatic angle may be viable
m the conventional roentgenogram 3¢ Additional anomahes of bronchial
distribution and accessory pulmonary artenes from the descending aorta
may be present 31
The chmcal picture and cathetenization findings often cannot be dis
tinguwshed from those due to an uncomphcated atnial septal defect siee
a mse of oxygen content at the atrial level 1s present 1n both conditions
Occasionally a systolic murmur may be louder in the night side of the chest
than in the left High artenalization of blood obtamed from a vena cava
dunng cardiac cathetenzation should lead one to suspect the presence of
a transposed pulmonary ven The diagnosis may be established by the
passage of a catheter from a vena cava or nght atrium into the aberrant
vessel or by means of wndicator dilution curves obtamed following 10€¢
tion of dye 1nto the night or left pulmonary artery Selective angtocardiog
raphy with mtroduction of contrast substance directly mnto a branch of
the pulmonary artery should opacify the aberrant pulmenary veins an!
the night atrium 1n rapid sequence
If less than half the volume of blood from the lungs enters the nght
atrium through transposed pulmonary vems a normal duration of hfe 1
posstble  Ready fatigue delayed growth and poor nutntion may be noted
in childhood however and death due to night sided congestive fasture has
been reported 1 adult hie
The onfice of anomalously cc d nght pul y vems may b
transposed mto the left atrium bv attaching the anterior edge of the as®
ciated atrial septal defcct anteriorly and to the right of the anomalo®
vems thus closing the defect smultaneously When the nght pulmond”
veins enter the supenor vena cava at some distance above the heart 1t 1%
possible to use a purse stnng type of suture so as to cause the pulmony
veins to enter the left atnum and the supenor vena cava to enter the nght
atoum +”
A ventncular septal defect which opens nto the right atrium or whnch
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1s assoctated with tricuspid regurgitation may present cathetenization find
ings sumilar to those of an atral <eptal defect or partial transposition of
the pulmonary veins A tnatrial heart with atnal <eptal defect wall also
present an artenal shunt at the atnal level but the latter leston will be

ted with d pul y capillary (wedge) pressure as well
as pulmonary hypertension

Lt ouricle
\

Ant leaflet
of common
AV valve

\
1t ventricle

FiGuRE 11 Common atrioventricular canal The lateral walls of the left atnium
and ventnicle have been removed The atrioventricular canal 1 common to both
sides of the heart It s guarded by a single valve possessing large anterior and
posterior cusps two nght lateral cusps and - left lateral one The interatnial
foramen primum 1s patent as 15 the posterior upper portton of the mterventneular
septurn. (From Rogers H M and Edwards J E Am Heart J 36 23 1948)

Common Atrioventricular Canal 3 This lesion 1s due to arrest of devel
opment of the primifive anterior and posterior atnoventncular endocardial
cushions which results in failure of fusion of the atnal and ventricular
septa and deformities of the atrioventnicular valves of varying degree A
persistent ostium primum with cleft mitral and/or tricuspid valves repre
sents the simplest form of this anomaly and has been termed partial
common atnoventncular canal

The complete lesion consists of a common canal connecting the atna and
veniricles A persistent ostum primum 1s combined wrth a defect m the
upper portion of the ventricular septum There 1s thus at this region free

1on bet: the four cham} of the heart The common
onfice 15 usually surrounded by four or five cusps including one large
anterior cusp and one large postenor cusp with two or three small lateral
cusps (Fig 11) The f y of )i n 1, with this
lesion was pomted out by Abbott
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Of twelve wmnfants seen by the wniter with complete common atnioven
tricular canal proved by necropsy, nine were Mongols All showed poor
nutntion, delayed development, cardiomegaly, and respiratory distress
None showed definite cyanosis except termunally, although there was 2
tendency to a pecubar grayish color on crymng All had died before the
age of two years, only three having survived the first year No murmur
was noted in three the others presented precordial systolic blows best
heard to the left of the sternum either at the base or lower sternal region,
occasionally transmitted imnto the axilla but never heard well postenorly
Peripheral pulsations tended to be weah Roentgenograms showed enlarge
ment of the cardiac shadow to the right of the sternum in the anteroposte-
ror view, with posterior projection beyond the spine m the left antenor
obhque view Pulmonary vascular shadows were increased The supenor
mediastimal shadow may be natrow The electrocardiogram (taken 1 six
cases with precordial leads in four) showed left axis deviation and prom!
nent S waves mn the standard limb leads with a QRS pattern in the pre
cordial leads suggestive of the presence of liventricular enlargement asso
ciated with delayed activation of the right ventrnicle

A ten year old girl who presented a complete common atrioventricular
canal at necropsy had been followed for eight years Dunmng this penod
she developed incretsing cyanosis and dyspnea She began to squat at
five years and finally sat constantly 1n a squatting position She was sub
Ject to attacks of paroxysmal tachycardia Her death was due mamly to
anoxia caused by dimmution m blood flow resulting from progresswdy

1) v lar resistance as well as by the venous artenal
shunt secondary to pulmonary hypertension The diagnosts had been
made 1n hfe because of the charactensti electrocardiogram and the pres
ence of a thnll in the lower precordial region associated with a high pltched
systolic blow at the apex

Partial common atrioventricular canal can be corrected surgically under
direct vision with the use of extracorporeal circulation The risk although
greater than that associated with closure of an ostium secundum defect
1s not prohibitive A prothesis 1s used as a rule m the closure of the
ostium pnmum  The clefts m the atrioventricular valves may be sutured
together Surgical correction of the complete form of common atrioven
tricular canal 1s more difficult and associated with a high mortality raté

Triatrial Heart 3¢ A diaphragm diides the left atrum into an upper
posterior and lower antertor portion The pulmonary veins enter the sm
cavity at the night upper part of the left atrum The atnal appendage
leads from the main anterior chamber The anomalous septum usually
carries an opening through which the blood passes from the right upper
cavity into the lower part of the left atrium and thence to the mit
onfice The effect on the circulation 1s comparable to that which occir®
with nutral stenosis

Approximately half the patients die m mfancy An mfant with thS
anomaly who died at the Children s Hospetal of Philadelphia at six weeks
had suffered recurrent attachs of dyspnea and cyanosis beginmng at threé
weeks usually induced by crying and exertion No murmur or thnll %29
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noted There was marked | ly The roent; showed
fulness of the pulmonary segment and right ventricular enlargement At
an -y atnal chamber was found recerving all pulmonary
vems The nght side of the chamber communicated with the night atnum
through a foramen one cm 1n diameter The left side was separated mcom
pletely from a small left atnal cavity by a sickle shaped fold The left
ventricle was small the nght atnium and nght ventricle extremely dilated
and hypertrophied When as in this case a large atnial defect opens into
the anomalous chamber the hemodynamics are essentially that of a Lutem
bacher complex with left to nght shunt
Only a few individuals with a fanrly large opening through the anom
alous septum have reached adult age The climeal picture 1s not charac
tenstic  Paroxysmal dyspnea with cyanosis and syncope have been noted
in some individuals others have been relatively asymptomatic until
termnal congestive faillure made 1ts appearance Murmurs have been
vaniable or absent Roentgenograms show right sided cardiac enlargement
and pulmonary congestion 'The electrocardiogram shows night ventnicular
Catheterization will reveal pul y hypertension and
high pulmonary capillary pressure
It would be posstble surgically to remove such an anomalous septum At
the time of operation direct p: should reveal hyperten
ston n the pulmonary veins but a normal pressure 1n the mam cawity of the
left atium  Direct digital exploration preferably through a pulmonary vemn
should reveal the anomalous septum which 1s obstructing the entrance of
blood into the left atrial cavity leading to the mtral valve 34a

Lesions of the Cyanotic Group

Pulmonary Stenosis with Intact Ventricular Septum and Atnal Septal
Defect 3+ The site of stenosis 1s most frequently valvular but rarely may
be mnfundibular The septal defect may be of angmalous origin but usually
15 a foramen ovale which has been forced open by the increased pressure
in the nght heart Venous blood 1s shunted from nght to left through
the defect The volume of blood 1n the lungs may be too small to permit
adequate oxygenation for the needs of the body especially during exercise
The duration of hife depends on the degree of stenosts Since extreme
narrowing to the point of atresia with a closed septum 1s incompatible
with adequate postnatal circulation ntense cyanosis and death early in
mfancy will occur life being mamtammed for a brief time through the
Ppresence of a patent foramen ovale and patent ductus With more moder
ate degrees of stenosis cyanosis may be delayed until after puberty and
may be moderate in degree Dyspnea may be out of proportion to the
degree of cyanosis Squatting 1s rare  The course may be stationary for
many years although m a mmonty of the group there may be a rapid pro
gression downhill B: 1 ditis may develop at the site of the
stenotic leston Death 1s usually due to congestive faillure and anoxia

A harsh systolic murmur often associated with a coarse thrill 15 max
mum 1n the pul y area Ths may be t d to the
neck and posterior chest The second pulmome sound 1s normal or weak
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The pulse pressure 1s low Arterial oxygen saturation 1s decreased and may
fall during exercise 1f the shunt 1s of significant size The circulation hime
16 vanable depending on the degree of the shunt and the presence or
absence of congestive failure Roentgenograms will reveal a large nght
atrium and night ventncle When dilatation of the pulmonary artery 1
present the pulmonary segment wiil be enlarged The vascular shadows
m the lungs are frequently decrensed (Fig 12) The electrocardiogram
may show high P waves, nght ventncular preponderance mversion of
T vaves 1n standard Leads II and III and i the precordial leads

A B

Fieupe 12 Valvalar pulmonary stenosis with mtact ventricular septum and
atnal septal defect 4 Roentgenogram from seventeen month old cyanolic girll
congestive failure with absent P systolic murmur over entire chest maxmum in
puirtonary area night bundle branch bloch Note marked cardiac enlargement
pruminent pulmonary segment mtnimal pulmonary vascular shadows Valvotomy
by D1 Juhan Johnson was followed by disappearance of cyanosis and of heart
farlure  Systolic pressure i right ventricle at time of operation was 100 mm. Hg
in pulmonary artery too low for measurement After valvotomy systolic pressure
m right ventnde was 60 mm and 1n pulmonary artery 40 mm B Eighteen months

after operation Shght enlargement of heart a adequate
pulmonary vasculantv nd pulmonary segment aded

Catheterization will show high systolic pressure 1n the right ventnele
which may exceed systermc pressure assoclated with low pressure 1 the
pulmonary artery It may be possible to pass the catheter through the
atnal defect The circulation time from the right ventricle s normo
Pressure tracings from the right ventricle have n peaked symmetrical appear
ance (Fig 2) Angiocardiograms will demonstrate hypertrophy and dilata
tion of the nght heart together with stenosts of the pulmonary artery 1 the
region of the valve and dilatation of the artery beyond this pomt There
may be opacification of the left atrium immediately following that of the
nght atrium  together with early visuahzation of the aorta due to the
venoartenal shunt (Fig 13)

Valvotomy or nfundrbulotomy 1s indicated 1n all cases in which cyanos®
15 present  Following this procedure there 1s a fall of pressure 1n the nght
ventncle assocated with a mse of pressure 1n the pulmonary artery
mcreased pulmonary blood flow, disappearance of cyanosis and dyspne?
and increased exercise tolerance (Fig 12)
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Tetralogy of Fallot {(Pulmenary Stenosis Dextroposition of the Aorta
Interventricular Septal Defect Right Ventricular Hypertrophy) 36 This 1s
the commonest abnormality in patients with cyanosis who Live past
puberty In the minonty of cases sumple valvular stenosis may exist In
the majority of cases it is the infundibulum that 1s st 1, the site of
stenosis Iying 1n the md low or high position Valvular and infundibular
stenosis may be combined Finally the developmental error may consist

Ficure 13 Valvular pulmonary stenosis with ntact ventmcular septum and
atnal septal defect Angiocardiogram from eleven year old boy with dyspnea on
exerhon shight cyanosis systolic thrill in suprasternal notch and second left anter

space weak P systolic murmur 'y area_right

preponderance in ECG  Film taken one second after 1njection of contrast medium
visualizes a large right atrium and night ventnicle dilatation of the pulmonary
artery beyond a stenosed pulmonarv valve passage of contrast medium from
nght atnum mto left atnum. Valvotomy by Dr Robert Glover was followed by
marked and K of cyanosis with no change 1n

cardiac physical findings

of hypoplasia of the entire mnfundibulum pulmonary valve and artery
As a result of the pulmonary obstruction and increased pressure within
the right ventricle venous blood 1s shunted through the ventncular septal
defect into the aorta which thus receives mixed blood from both ventricles
There 1s marked duminution 1n output of blood to the lung because of
the pulmonary stenosis and the venoartenal shunt

Cyanosis sets 1n relatively early although 1t 1s not necessanly present at
birth and becomes extreme as adult life approaches Marked clubbing of
the fingers toes and often of the nose develops Feeding duficulties are
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common 1 nfancy Development may be slow and growth stunted,
although a surprisingly large number of mnfants with tetralogy may show
no mmpairment of nutntion Dyspnea on exertion and even at rest 1
common These individuals discover early in lfe that squatting reheves
their symptoms of distress They are subject to attachs of ncreased
cyanosis and respiratory distress sometimes terminating in syncope or
convulsions In infancy these attacks are frequently imtiated by feeding
Polycythemia may precede cyanosts or may be slow to develop even mn the
presence of marked anoxemua and cyanosis Ultimately it 1s always
present and when sufficiently great 1s 1n itself a hazard because of iis
tendency to produce thrombosis of the cerebral vessels with the develop
ment of hemiplegta Additional complications to be expected are bacteral
endocarditis paradovical embolus which may result n cerebral abscess if
the mfected embolus lands 1n the bramn cardiac failure and funchonal
renal msufficiency

Cardiac enlargement 1s shght or moderate A systolic murmur of vart
able characteristics may be present along the left border of the sternum
often heard best 1n the pulmome area A systohe thnll may accompany
the murmur Both the murmur and the thrill may be absent The second
pulmone sound may be weah or absent although n many cases 1t 15 of
normal or accentuated mntensity As pointed out by Taussig 1t should
never be reduplicated

Roentgenographic Appearance (Figs 14 15) The cardiac shadow 15
small or only moderately mncreased i size In 60 per cent of the cases
espeaially m infancy the heart 1s transversely placed with pulmonary
concavity and a blunt apex which has been likened to the tip of 2 wooden
shoe (coeur en sabot) The hilar shadows are small because of the dimun
1shed volume of blood The penpheral lung fields are free of vascular
shadows If many collateral blood vessels develop in order to supply 27
additional amount of blood to the lungs hilar shadows mav seem promt
nent but if examined closely are seen to be composed of linear aggregates
which show no pulsations 'The supenor mediastmal shadow may be
mncreased to the nght by the diated superior vena cava In the Yeit
antertor oblique position the aortic window will be unusually clear becausé
of the narrowing of the pulmonary artery The anteror cardiac surface
may show increased saliency as a result of the right ventricular hyper
trophy A nght aortic arch 1s present m 20 per cent of the cases of
tetralogy of Fallot In the presence of a normal left aortic arch the trachea
and esophagus are deviated to the right at the level of the aortic arch
(Fig 14) whereas they are dewiated to the left by a nght aortic arch
(Fig 15)

The electrocardiogram shows night ventricular preponderance frequently
assoctated with peaked P waves Catheterization will reveal high systob®
pressure 1n the nght ventricle and low pressure 1n the pulmonary artery
Since both ventncles and the aorta form an open system the pressure 11
the night ventncle may equal the pressure 1n the left ventnicle and aorta
but cannot exceed 1t In the presence of infundibular steno«s 1t may be

ble to d rate an mfundibul ber n which only a shght
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Feure 14 Tetralogy of Fallot wath left acttic arch  Roentgenograms from
seven year old cyanotic bov with right ventricular preponderance in ECG  Esoph
agus displaced to night and posteriorly at level of aortic arch Transversely placed
heart with concave pulmonary curve and blunt apex mnmal pulmonary vascular
shadows dilated superior vena cava Aocrtic left pulmonary artery anastomosts
by Dr Juhan Johnson was followed by disappearance of cyanosis and dramatic
improvement 1n exercise tolerance which has persisted for seven years

FIGURE 15 Right aortic arch with right descending aorta At the level of the
aortic arch the banum filled esophagus 1s displaced to the left i the A P view but
shows no displacement 1n the night oblique view From a four year old girl with
tetralogy of Fallot. (Diagnosis proved at operation )
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nse of pressure occurs as compared with the abrupt nise when the mun
cavity of the ventricle 1s reached Pressure curves from the right ventncle
are normally asymmetric with a rapid ascent and plateau top (Fig 2)
The oxygen content may be increased high 1n the right ventrncle or pul
monary artery due to a laminated flow of blood from the left ventndle
through the ventricular septal defect It may be possible to pass the
catheter from the nght ventricle mnto the aorta [he intracardiac shunt
will be directed from nght to left, the pulmonary artery flow being less
than the systemic blood flow The pulmonary capillary flow however may
exceed the pulmonary artery flow ndicating the presence of collateral
circulation directed mto the lungs

Simultaneous visualization of the sorta and pulmonary artery in the
angiocardiopram should not be nterpreted to mdicate the passage of
venous blood from the right ventricle mto the aorta if contrast medium 1s
visible mn the left atnum and left ventricle owing to a venoarterial shunt
through an atnial septal defect

The first operations designed to increase the blood supply to the lungs
consisted n anastomosis of an arterial vessel to a branch of the pulmonary
artery In the Blalock Taussig procedure a subclavian artery 1s
anastomosed to the corresponding pulmonary artery, m the Potts
Srmth procedure the descending aorta 1s used Subsequently, Brock miro
duced the procedure of valvotomy or mfundibulotomy through a trans
ventricular approach

With all of these procedures the immediate mprovement followmg suc
cessful operation 15 dramatic  Cyanosis disappears and esercise tolerance
increases polycythemia decreases and the artenal oxygen saturation rises
Children who were helpless invalids become able to play normally The
possibility of development of bacteral endocarditis brain abscess and
cardiac failure still exists The mcidence of cerebral complications due to
thrombosis and anoxema should be lessened

The Brock procedure has fallen into disfavor since the reltef of pulmo
nary stenowis without closure of the ventncular septal defect may flood
the lungs with blood under systemic pressure and may lead to the develop
ment of pulmonary hypertension With the development of intracardiac
surgery under direct vision axded by extracorporeal circulation 1t has
become possible to attack the stenotic site directly and at the same fime
close the ventricular septal defect The operative death rate 1s high m
companson with the nsk of a Blalock or Potts procedure  Moreover, it
15 often necessary to use a prosthests to close the ventricular septal defect
and to enlarge the outflow tract of the mght ventnele Time alone il
give us mformation concerning the long term results of the musion in the
myocardium and the fate of these prostheses

Trncuspid atresia associated with a hypoplastic or nonfunctiomng right
ventncle and with atresia or hypoplasia of the pulmonary artery 1s a lesion
not compatible mith any great length of hife Blood entering the nght
atrium can escape only through an atnal septal defect into the Jeft atrum
The size of the nght atrum 15 11 inverse proportion to the size of the atrsal
defect The left ventnicle 1s the mamn functioning ventnicle Blood €n
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reach the pulmonary artery only from the aorta through a patent ductus
or from & small nght ventncle through a ventricular septal defect
Cyanosis appears shortly after birth The second pulmonic sound 1s clear
with no reduplication No murmur may be present or a systolic murrur
may be heard to the left of the sternum If the atrral septal defect 1s small
and penpheral venous congestion 1s present the liver may be enlarged
Roentgenograms may show a narrow mediastinal shadow 1n all positions
a 'y curve ab: of the cardiac shadow anterior to the
aorta if the nght atnium 15 small and projection of the postenior border
beyond the spine i the left antenor oblique view (Fig 16) If the atnial
defect 15 small the right atnum will be unusually large Pulmonary vascu

lanty 1s dimmshed The cardiac silhouette however cannot always be
differentiated from tetralogy of Fallot A right arch and mght descending

F1gure 16 Trncuspid and pulmonary atresta Very small nght atrium and right
ventricle large left ventricle patent foramen ovale patent ductus arteriosus From
a cyanotic infant who died at the age of one month The roentgenogram of the
heart reveals a concave pulmonary curve i the A P view with summal vascular
shadows 1n the lung fields The left oblique view shows posterior projection of the
enlarged left ventricle No axis deviation mt the electrocardiogram

aorta are rarely present The electrocardiogram shows left ventncular
Preponderance as a rule In a minonty of cases particularly in infants there
may be no axis deviation Catheterization reveals mcreased pressure m the
nght atrrum  Although the overall cardiac shunt 1s from nght to left there
18 sufficient left to night shunt to raise the oxygen content of the nght
ainum above that of the supertor vena cava Angiocardiograms reveal
visuahzation of the left atrium shortly after the nght atrium followed by
opacification of the large left ventricle In the anteroposterior view a
triangular area of non opacification may be seen at the diaphragmatic
surface of the heart mn the region usually occupied by the night ventncle
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(Fig 17) 'There 1s delayed appearance of contrast medium 1n the pul
monary circulation

A Blalock Taussig or Potts Smith operation should provide symp
tomatic relief provided an atnal defect of sufficient size 1s present The
creation of an atral septal defect by the Blaloch Hanlon method3™ may
be advisable 1f a small atnal septal defect 15 present In such a case high
peahed P waves will be noted in the electrocardiogram indicative of the
presence of an enlarged right atrium

Tricuspid atresta may be assocrated with transposition of the great
vessels 1 which case pulmonary stenosis or atresita may or may not be
present When pulmonary obstruction 1s present the malformation from
the surgical stand t 15 physiol lly stmilar to tncuspid atresia mith
out transposition Benefit can be obtained from a shunt procedure Caces

FicURE 17 Trcuspid atresta  Angiocardiogram of four year old girl with
marked cyanosis and dyspnea soft systolic murmur left of sternum continuous
hum below left clavcle left ventricular preponderance in ECG Contrast medm
visible 1 nght atrium left artium left ventncle and large aorta Trangular
shadow near diaphragm 1n region of nght ventricle remains unfilled Small pul
monary artenes seen after the aorta was visualized presumably filled through &
small ductus Creation of an atnal septal defect and right subclavian pulmonary
artery anastomosis by Dr Julan Johnson was followed by marhed lessening of

1S AN exercise tol

of tncuspid atresia and transposition without pulmonary stenosis, h°|w
Phystol

ever, have adequate or excessive pul 'y circul

they ble the E plex 1n which there 1s a common
ventricular ejectile force for the systemic and pulmonary circulations The
climical picture 1n infancy 1s charactenzed by pul y 1nfections
emphysema and congestive failure  Cyanosis 1s relatively muld No surgt
cal procedure 1s available unless 1t seems advisable to enlarge the atnal
defect
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Eisenmenger Complex (Ventrnicular Septal Defect, Pulmonary Hyper
tension Dextroposition of the Aorta Pulmonary Artery Normal or
Dilated) The ventricular defect 1s relatively large the degree of dextro
position of the aorta may vary from a normal degree of overnding to
abnormal ongin from the night ventnicle The night ventnicle 1s hyper
trophied both ventricles may be dilated

At birth because of the large ventnicular septal defect the systohic pres
sure 1s dentical 1 both ventricles the aorta and the pulmonary artery
The presence of ugh pressure 1n the pulmonary vascular bed results in the
persistence of medial hypertrophy m the muscular arterioles m order to

high pul ly intimal thick
develops As a result ﬂoodmg of the lungs 1s minimized and a peripheral
flow adequate to mamntain hife can be secured

The shunt 1s probably hidirectional from birth and the aorta and

y artery cont: ly recewve blood from both ventricles
Anoxerma would be present from hirth even though not always of a
degree to be visible as cyanosis early in Iife  Since the pulmonary arterial
changes are progressive there 1s a progressive rise 1n pulmonary diastolic
pressure with ultimate predominant nght to left shunt The oxygen
saturation 1n the pulmonary veins 1s normal Cyanosis 1s due to veno
artenal admixture and to progressive decrease 1n pulmonary blood flow as
the resistance 1n the lungs increases

The infant may present the syndro! of d pul y blood
flow (pulmonary emphysema and edema) and die of congestlve failure
More commonly a life of average duration with the late appearance of
symptoms 1s possible The majority die m the third and fourth decade
Cyanusxs 15 late 1n onset and tends to be moderate in degree with the

1 of shight clubb A loud systohic murmur and thnil may be
present to the left of the sternum If the pulmonary valve 1s dilated a
diastolic blow may also be heard The second pulmomc sound 1s accentu
ated Squatting 1s rare Hemoptyses are not uncommon Possible com
pheations are bactenal endocarditis and paradowcal embolus The most
frequent cause of death 1s heart fallure Raentgenograms show enlarge
ment of the nght ventnicle and pul and
pulmonary vascular markings The hlar shadows may show expansile pulsa
tions The electrocardiogram may be normal or may show right ventricu
lar preponderance Catheterization may reveal 1dentical systohc pressure
mn the nght ventncle pulmanary artery left ventnicle and aorta and
pr lic pressure in the pulmonary artery The
oxygen content m the nght ventricle and/or pulmonary artery may be
increased It may be possible to pass the catheter from the night ventricle
mto the aorta Angiocardiograms reveal the simultaneous entrance of
blood into the aorta and pulmonary artery The left ventncle may be
fiallntly opacified at the same fime The pulmonary artery 1s usually

hlated

Operation could only be performed under direct vision with the aid of
extracorporeal airculation Closure of the venincular septal defect would
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be possible only 1 early hfe when the pulmonary arteriolar changes may
still be reversible

fransposition of the Great Vessels 33 In this condrtion the relations of
the aorta and pulmonary artery to each other are altered at their ongin
from the ventnicles All degrees of this changed relationship may occur
The ventricular septum normally curves to the night mn 1ts upper portion
As a result if the anterior segment of the memb septum 1s absent
the normal aorta will override the ventricular septal defect (dextroposition
Spitzer, Type 1) Abnormally the origin of the aorta may be so dextroposed
that 1t anses entirely from the mght ventricle which receiwves blood from
the left ventricle through an assocrated ventricular septal defect The
pulmonary artery arses from 1ts normal position ( simple transposition’
of Spitzer Type 2) Three forms were described by Rokitanshy (1) com
plete transposition ( crossed transposition” of Spitzer, Type 3) m which
each great vessel arises from the oppostte ventnicle (2) partial transpost
tion 1n which the aorta and pulmonary artery arise from the same ventn
cle but in reversed relationship to exch other (3) corrected transposition
m which the great trunks rse 1n reverse relationship to each other but
the ventricle from which the aorta anses recemves aerated blood from the
pulmonary vemns whereas the ventnicle from which the pulmonary artery
arises recewves venous blood The foramen ovale 1n the night atrium 1§
normally formed but the right A V valve usually resembles a normal
mtral valve and the left A V salve resembles a normal tricuspid valie
Under the term mixed transposition’ (Type 4) Spitzer describes that
form of tnlocular heart in which a diminutive chamber situated m the
right upper portion of the common ventricle gwes off the aorta mn trans
posed posttion  According to Spitzer®s transposition 1s due to 2 lack of
the normal clock wise torsion of the arterial tube resulfing in a reopemng
of the channel of the reptihan nght aorta with obliteration of the left
aortic trunk Saphir and Lev beheve that the developmental error 15 the
result of abnormality 1n the absorption of the bulbus n the stage at which
torston of the arterial trunks takes place Whatever the embryologic
explanation there 1s fair agreement that the pnimary anomaly affects the
great vessels and that the association of ventricular septal defect pul
monary stenosis etc 1s secondary

Complete Transposition of Great Vessels The two great vessels arise I
transposed position at their origin from the ventricles Two independent af
culattons exist the aorta transporting venous blood from the night ventricle
to the body and the pulmonary artery arterial blood from the left venir!
cle to the lung Life must be mamtained through one or more associated
flefects which permut oxygenated blood to reach the systemc crculation
The age of onset of cyanosis its intensity as well as the duration of bf¢
vary in accordance with the size of the shunt The pulmonary artery I
often dilated and the pulmonary branches may be prommnent In 2
munority of cases pulmonary stenosis may be present

Seventy per cent die n the first year the majority 1n the first SIS
months Cyanosts and polycythemia appear shortly after birth although
they are not always apparent 1n the neonatal pertiod Dyspnea, feeding
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difficulttes delayed growth and development are common The heart size
15 normal at birth but cardiac enlargement may become marked within
a few weehs Heart sounds may be loud and clanging Murmurs may be
absent or a systohe blow may be present to the leit of the sternum if a
septal defect eusts

Fancom®*® was the first to describe a narrow supenor mediastinal shadow
n the ant sterior roent, am due to the fact that the vessels do
not as usual cross over each other but may be supenmposed Taussig
pomnted out that 1n the left anterior position the mediastinal shadow n

FiGure 18 Complete transposiion of aorta and pulmonary artery m two
cvanotc infants each of whom died of pneumomia at age of nme months A Large
night atum and night ventricle multiple fenestrations m valve of foramen ovale
B Large left ventnicle ventricular septal defect Note cardiac enlargement up
ward short superior mediastmal shadow obhique downward curve to the left n
each case (From Bromer JAMA 120 251 1942 Previously reported bv Ash
Wolman and Bromer Am J Dis Child 58 8 1939 A=Case 21 B=Case 26)

creases n width The superior mediastinal shadow however may be wide
when the vessels e lateral to each other rather than supenmposed n
the presence of a large thymus or when the dilated night atrial appendage
projects upward mto the superior med More ch 1stic 1n
infancy 1s the general contour of the cardiac shadow (Fig 18) The heart
enlarges upward so that the superior mediastinal shadow 1s shortened
and displaced upward There 1s an oblique downward and outward curve
of the left border Enlargement 1s due to hypertrophy and dilatation of
erther the nght or left ventricle or both Intrapulmonary shadows may
be prominent 1f the pulmonary artery 15 large In later hfe the contour
may resemble that of tetralogy (Fig 19) If pulmonary stenoss 1s assoc
ated transposttion of great vessels may be difficult to differentiate from
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tetralogy except by angiocardiograms A night arch and right descending
aorta occur rarely

The electrocardiogram usually shows nght aus deviation and nght
ventricular preponderance Occasionally no axis deviation or left sxis
deviatton may be present

Results obtamned by cardiac catheterization are often confusing The
catheter mav enter the aorta and cannot be inserted into the pulmonary
artery, but this situation may occur m tetralogy The oxygen content
of the aorta 1s usually simlar to that in the nght ventnicle It may be

F1ourE 19 Complete transposition of t
great vessels with large atrial septal defec!
dilated pulmonary artery and branches Roentgenogram of c\gmnotxc elg}':t sear otd
g who died of chromo glomerulone phntis and congestive fatlure Note vertical
contour sirular to that note
larity of lung felds ed 1n tetralogy of Fallot. Excessive vascu

posstble to pass the catheter through an atmal defect into the left atnum
and compare the pressure in both sides of the heart or through a ventnc
lar defect nto the pulmonary artery The oxygen confent in the pul
monary artery should be higher than in the aorta
Angiocardiograms {(best taken lateral or left anterior oblique view)
show successive opacification of the nght atnum  the nght ventncle and
aorta before the pulmonary artery 1s visualized 'The aorta 1s seen to 1se
anteniorly from the right ventricle (Fig 20) There 1s poor opacification
of ;he Ieft heart and pulmonary artery F
urgieal treatment 1s still in the expermmental st o trans
{er the great vessels have faled Moderate sympti::\iixcl?:;:g:ngnt may
be obtained by the creation of an atnal septal defect bv the Blalock
Hanlon method 39 If pulmonary stenosis exists anastomosis of a pul
monary artery and artenal vesse] may be of value Baffes has obtamed
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results by t of the inferior vena cava to the left atnium
with the interposition of an aortic graft followed by anastomosis of the
nght pulmonary veins to the night atrium 3¢

Complete Transposition of Aorta Levoposition of Pulmonary Artery
{Taussig Bing Malformation) 3 A large pulmonary artery arises mainly
from the right ventnicle but partly overndes a ventricular septal defect
This malformation produces a syndrome chnically stmilar to the Eisen
menger complex both great vessels being subjected to pressure at the
systemic level

A B

FIGURE 20 Complete transposttion of great vessels with patent ductus A
Cardiac specimen of cyanotic infant who died at two months of anomia (left
antenor oblique position) Aorta arnses anteriorly from night ventricle pulmonary
artery posteriorly from left ventricle ductus arteriosus patent B Angiocardio
gram (reouched) Opacification of right atnum nght ventricle and aorta which
Tises fainter of y artery which rises posteriorly

A fair duration of hfe 1s possible Cyanosis 1s present from brrth assoct
ated with clubbing and polycythemua Squatting 1s rare A systolic mur
mur may be present to the left of the sternum Roentgenograms show
moderate cardiac enlargement a large pul y and
pulmonary vascular shadows mcluding many circular shadows of blood
vessels standing on end The electrocardiogram shows right axis deviation
and night ventricular preponderance Catheterr.ation It 1s frequently
possible to enter both the aorta and pulmonary artery without difficulty
Sumilar systolic pressure will be found m the nght ventncle aorta and
pulmonary artery There 1s higher oxygen content in the pulmonary
artery than i the night ventnicle aorta or peripheral artery The angio
cardiogram (best taken m the lateral view) shows rapid opacification of
the right atnium nght ventncle and aorta together with early opacifica
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tion of the pulmonary artery The aorta nises antenorly from the nght
ventricle

Symptomatic improvement may be obtained by the creation of an ainal
septal defect by the Blalock Hanlon method 3 There have been reports
of the association of pulmonary stenoss rather than a normal pulmonary
artery with this malformation The chmcal differentiation of such a com
bmation from tetralogy of Fallot with marked overnding of the aorta
would be difficult 1f not mmpossible Both would probably benefit from
creation of an atnal defect plus a subclavian pulmonary artery anasto
mosis

Figure 21 Swngle ventnele with dmmnutive outlet chamber and transposed
great vessels Aorta ansing from outlet chamber pulmonary artery from matn
ventricle Roenigenogram from three year old mldly cyanotic girl with accen
tuated P mmd systolic click to left of sternum no murmur who died at seven
years of hrain abscess Note convex pulmonary segment 1n A P view no cardia¢
Projection anterior $ gorta 1n left oblique view propunent vascular shadows

Single Ventricle (Cor Trlocurare Biatriatum) 10 In the great majonty
of cascs the great vessels are transposed A rudimentary outflow chamber
from which either the aorta or pulmonary artery nises occurs n only On¢
third of the cases In the remantag cases the common ventricle 1s dwid
wnto subaortic and subpulmonary channels of equal diameter or 1§ not
subdivided The two atnioventricular onfices cotamumeate with the mam
body of the ventncle
In approximately half of the reported cases death occurred within the
first year Vanous indivrduals with single ventricle and transposed great
vessels however have hived well mnto adult hife Abbott has pownted out
that m such cases the condition 15 analogous to that obtamnmg 0 the
turtle s heart in which streams of blood zxre° directed withm the ventricles
mto their proper channels with relatrvely hittle intermingling

Cyanosts 15 not always present at birth and tends to be mild when 3
normal pulmonary artery anses from the mam ventricle In such 2 C3%
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however the lungs are exposed to systemic pressure and pulmonary hyper
tension must exist  When pulmonary stenosis 1s present, cyanosis 1s more
severe and the condition climcally 15 often difficult to differentiate from
tetralogy of Fallot A systolic murmur 1s usually present to the left of
the sternum occasionally associated with a diastolic blow The electro
cardiogram usually shows night axis deviation occasionally left axis dewr
ation The roentgenogram shows cardiac enlargement often of non
charactenstic contour Taussig has descnibed a typical contour for a
single ventncle with diminutive outflow chamber which shows a consprcu
ous bulge 1n the region of the outflow chamber in the anteroposterior view
but no projection anterior to the aorta in the left antenor oblique view
{Fig 21) Pul -y vascular shadows will be pr t 1f the pulmo
nary artery nises from the man ventnicular cavity but dimimshed 1if pul
monary stenosis 1s associated or if the artery arses from a small outlet
The diogram shows 1t fi of the

area corresponding to the right and left ventricles thh reappearance of
contrast medium 1n the common ventricle after having traversed the
pulmonary circulation and the left atnum  Usually a left aortic arch 1s
present Catheterization It may rarely be possible to pass the catheter
from the night atrium through the tricuspid valve 1nto the single venincle
thence through the mitral valve into the left atrium The oxygen content
of blood from the ventricle and pulmonary artery will be higher than that
of blood from the right atrrum 'The arterial oxygen saturation is
decreased

Persistent Common Truncus Arteriosus 1 A gingle large artenal trunk
provided wath three or four cusps amses from both ventricles above a
septal defect and gives off not only coronary and systermc arteries but
also branches to the lungs If the pulmonary arteries anse from the
common trunk and the lungs are adequately supplied with blood eyanosis
ray be slight The duration of life will vary inversely with the volume of
blood shunted into the lungs If an excessive volume of blood 1s shunted
into the lungs under systemic pressure death may occur 1n early infancy
due to congestive fallure emphysema and pulmonary edema If the blood
1s shunted 1nto the lungs through vessels of moderate size a fair duration
of life 1s possible The second pulmonic sound 1s a single clanging sound
No murmur or a vaniable soft systolic murmur may be present Roentgeno
grams will reveal lung fields adequately supphed with blood This leston
cannot be helped by surgical treatment

If the night and left pulmonary branches which anse from the sixth
branchial arch fail to join the common artenal trunk (absent pulmonary
arteries) the circulation to the Iungs can be mamniamed only by collateral
vessels—usually the bronchial and posterior mediastinal arteries Clmrcally
this malformation cannot be diff ted from pul y atresia with
marked overniding of the aorta (pseudotruncus artemosus) Csanosis
appears early The degree of wmcapacity varies inversely with the extent
of collateral circulation If many collateral vessels are present an active
life 1s possible even though cyanosis may be marked If few collateral
vessels develop sudden death may occur early 1n mnfancy The second
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pulmonte sound 1s sharp not reduplicated Murmurs are often absent but
a soft systolic murmur may be audible to the left of the sternum A con
tmuous hum 1s often present over some portion of one or both lungs
due to the flow of blood through enlarged collateral vessels Roentgeno
grams show cardiac enlargement with absence of fulness in the pulmonary
segment Taussig has emphasized the abrupt lateral and anterior shelving
of the cardiac shadow in infancy (Fig 22) In later Iife the contour
resembles that of tetralogy The aortic shadow 1s large often nsing hugh
in the chest A mght aortic arch and nght descending aorta may be pres
ent The penipheral lung fields are abnormally clear, fine Linear shadows

o
T

FiGURE 22 Truncus arteriosus Note the honzontal shelving to the feft 1 the
A P view and the antenor shelving 1n the lateral view From a three year old anl
with cyanosis who presented a suprasternal thrill a systolic murmur to the leit of
the lower sternum a soft continuous murmur i the nght chest and nght axs

1n the el Died at the age of nine years (termunal illness
reported by Sohis Cohen M Zaslow J and Rabmeh M HyAm (Heart.] 28 11,
1944) showed an 1 septal defect 3 cm n diameter 2
marhedly dilated aorta with both les no pul ry artery
P

a brcuspid night A V valve with superimposed bactenial vegetations

of collateral vessels may be seen along the borders of the medzastingl
shadow The electrocardiogram shows nght axis dewviation and ngh
ventnicular preponderance Isolated cases with left axis dewiation have
been reported

If a pulmonary artery branch of adequate size 1 present 1t may be
possible to perform a shunt procedure to obtain symptomatic rehiet
Especial precautions must be taken at the time of operation to make
certain that adequate eirculation can be maintamned 1n the opposite lung
before an inciston 1s made 1n the pulmonary artery on the operative side

When no pulmonary artertes are available for anastomosis some 1
provement may be obtamed by pleurectomy followed by the 1nstillation
of finely powdered asbestos into the chest with the purpose of producing
adhesions which may be penetrated by blood vessels passing from the
chest wall mto the lung (Fig 38)
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Downward Displacement of Tricuspld Valve (Ebstein s malformation) +
The leaflets of the tnicuspid valve are displaced toward the apex of the
heart and usually malformed The nght ventricle 1s divided mto a large
thin walled portion continuous with the nght atnum and a small func
tioning ventncle In the few reported cases in which cyanosis has been
absent the foramen ovale was closed In the majonty of cases the foramen
ovale 1s patent The pnmary effect of the anomaly 1s to reduce the
effiency of the night heart As the upper chamber cannot empty itself
completely 1t enlarges progressively If the foramen ovale 1s patent

VG

FIGURE 23 Aortic atresia and hypoplasia of left arch 4 Hypoplastic aortic
arch D patent ductus arteriosus ‘The soria may anse from the left ventricle as
pictured or may terminate blindly within the muscle mass above and to the night
of the left ventnicular cavity (From Friedman S Murphy L and Ash R J
Pediat. 38 351 1948)

venous blood 1s shunted into the left atrium The lower chamber which
receives less than the normal volume of blood delivers an inadequate
amount of blood to the lungs for oxygenation

Of the first twenty eight cases reported n the literature twelve had died
below the age of seventeen years three in infancy Cyanosis was present
m all Of ten individuals who hved past the age of twenty (maximum
sixty one average forty years) cyanosis was absent in seven The absence
of a patent foramen ovale and of cyanosis would seem to be a good
prognostic sign and would nfl the roent; smnce
pulmonary vascular shadows would be normal and the heart relatively
S
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Cyanosis 18 occasionally present at birth but 1s usually delayed and of
wsidious onset, out of proportion to the relatively mild dyspnea Cardiac
enlargement 1s progressive A varniable systolic murmur may be present to
the left of the sternum A md diastolic murmur or gallop may be heard
over the lower precordium When cyanosis 1s present, the roentgenograms
show a large mght heirt concave pulmonary segment, clear lung fields
with mimimal hilar shadows and a large aorta The electrocardiogram may
show night bundle branch block, prolonged PR arrhythmuas, occasional
Wolft Parkinson White syndrome

aoRE

L

[y

FIGURE 24 Atresia of mitral vahve aortic stenosis small undeveloped left ven
tricle and aorta small left atnum patent foramen ovale 4 mm 1n dameter
markedly dilated and hypertrophied nght atrum and night ventncle The roent
genogram shows a greatly enlarged globular heart with fulness in the pulmonc
region The lateral view revealed no posteror (left ventricular) enlargement Left
axnis 1n the electrocard From a ten day old infant with a history

of dyspnea and cyanosis of two days duration L bilicus
Died on the eleventh day 3 1on Liver enlarged to level of uml

Cardwac catheterization 1s often difficult and potentially dangero®®
Pressure 1s normal 1n the night ventricle and the pulmonary artery
may be possible ta pass the catheter through the atrial defect Anglo
cardiograms show a greatly dilated mght atrum which retains contrast
medim for a long period, poor visuahization of the f nght
ventricle delayed filling of the pulmonary artery and madequate opacif
cation of lungs  Contrast medium may be seen to pass through the atnal
defect Occasionally 1t 1s possible to visualize displacement of the tricuspd
valve to the left

Smce climcally this malformation may resemble pulmonary stenoss
with intact ventnicular septum and atrial defect the differential diagnoss
18 important 1n order to avord the error of advising pulmonary valvotomy
for mdiniduals with the Ebstemn malformation The electrocardiogra™
never presents the pattern of night ventnicular preponderance charactensit
of pulmonary stenosis In selected cases closure of the foramen ovale f0f
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correction of the nght to left shunt may provide symptomatic rehef+ v
Reconstruction under direct vision has been proposed 4 ¢

Marked Stenosls or Atresia of the Aortic and/or Mitral Valve with
Hypoplasia of the Left Heart i3 Circulation 1s maintained by a widely
patent ductus through the pulmonary artery which becomes contmnuous
with the descending aorta and thus supplies the systemic airculation with
mixed venous and artenal blood or by a ventrnicular septal defect The
aortic arch and 1ts vessels may be supplied by retrograde flon (Fig 23)
In addition some patency of the foramen ovale must be present to permit
passage of blood from the left side of the heart These infants may seem
normal at birth, but rapidly develop dyspnea with pallor or grayish cya
nosis greatly enlarged heart and liver and marked pulmonary engorge
ment A systolic murmur may or may not be present Peripheral pulsations
are weah Death occurs 1n early infancy Roentgenograms show marhed
cardiac enlargement with fulness of the pulmonary segment due to hyper
trophy and dilatation of the night atrium nght ventricle and pulmonary
artery the left ventricle remaiming atrophic (Fig 24) The electrocardio
gram usually shows night axis deviation and nght ventricular preponder
ance Isolated cases have been reported which show no axis deviation or
left axis deviation

‘When mutral atresta 1s associated with transposition of the great vessels
ansing from the nght ventncle the prognosis is more favorable

Vascular Anomalies within the Thorax

Anomalies of Coronary Arteries (1) Vanation in number and dis
tribution  Small accessory artertes may exist The supernumerary vessel
found most commonly arises by a separate ostium belnd the nght aortic
cusp and sends branches to the area of the conus of the night ventricle
It may serve as a source of blood supply from the aorta when other vessels
to the heart are occluded The myocardium may be supplied by a single
coronary artery In the commonest type the vessel anses from a single
ostium and divides into branches which follow the normal course of the
night and left coronary arteries Less commonly a true single coronary
artery follows the course of only one coronary artery usually the left
(absent nght coronary artery) Finally the distribution of a single
coronary artery may be entirely atypical Usually such an atymical vessel
18 found 1n association with severe cardiac malformations The maimn
branches of the left coronary artery may anse from separate ostia mstead
of from a common trunh There have been 1sclated reports of arterto
venous fistulae connecting a coronary artery and vemn and of aneurysm of
a coronary artery d with an arter
cation Rarely a coronary artery may commumcate directly with the
right atrium or night ventnicle (2) Vanations i origin One or more of
the coronary ostia may be situated higher mn the aorta than usual Of
more serious sigmficance 1s anomalous ongin from the pulmonary artery
Origin of both coronary arteries from the pulmonary artery 1s rare and
vesults 1n death shortly after birth Equally rare although compatible with
a long life 1s origin of the right coronary artery from the pulmonary
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artery The myocardium receives an adequate supply of blood from the
left coronary artery Ongin of the left coronars artery from the pulmonary
artery however frequentlv 15 associated with senous myocardial disturb
ance

Qrigin of the Left Coronary Artery from the Pulmonary Artery * H
adequate collateral circulation from the night coronary arterv 1s present
individuals with this anomaly may attan adult hfe In the majonty of
cases however death occurs in early infancy At necropsy the heart
shows marhed enlargement due to hypertrophy and dilatation of the left
ventricle Myocardal degeneration and fibrosts are most marked mn the
antertor wall of the left ventricle which may develop aneurysmal pouching
at the apex Marked fibroelastic thickening of the endocardium 15 2s0at
ated Pressure of the enlarged heart on the left bronchus results 1m
stelectasts Infants born with this anomaly are often symptomiess for the
first weehs of fe after which they may show persistent respiratory dis
tress or transient attachs of sweating dyspnea pallor or cyanosis often
precipitated by feeding Death may occur suddenly without preceding
symptoms Murmurs are rarely present

Inversion of T waves i one or more standard leads of the electrocardio
gram 15 a farly constant finding but cannot be differentiated from
nave changes which may occur 1n other conditions associated with anous
of the left ventnicle The presence of a prominent Q wave 1n Lead I would
fasor the diagnoss of anomalous pulmonary artery The cardiac type of
glycogen storage disease which may be associated with mverted T waves
m the elect; d may be d ated clinucally by the assocated
progressive muscular weahness and retardation of development Glycogen
accumulates m striate and smooth muscle as well as 1n the heart and ™3y
be detected by muscle biopsy

It has been speculated that the absence of symptoms in the early weebs
of lfe m mfants with left coronary artery ansing from the pulmonary
artery 1s due to some degree of patency of the ductus arterjosus which
tmay have permitted the mixture of artemal and venous blood within the
pulmonary artery Anotber suggested explanation 1 that the blood spply
of the my d b dequate as the actity of the nfant
wncreases ‘This nadequacy would be «ccentuated by the nereasing hsper
trophy of the muscle

Varnious operative procedures have been proposed It has been suggcsted
that of the pul y artery to the aorta will supply mor¢
highly oxygenated blood under increased pressure to the myocardiu?
Such a procedure would almost certainly result sn early death from pul
monary edema Evidence has been presented which seemed to indicate that
flow 1n the anomalous vessel 1s from the aorta wmto the pulmonary areD
creatmg an arteniovenous fistula that fails to supply the my ocardium WY
blood It has been suggested that Ligation of the left coronary arters & s
ongn from the pulmonary arterv would conyert the lesion mto a SP2
coronary artery supplying both ventricles 14 Talner etal 4 however, B2
succeeded m demonstrating the pascage of contrast substance from
pulmonary artery mto the anomalous coronary vessel by angiocardiof
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raphy The operation of choice would be t ot 1on of the )
vessel to the aorta with the use of extracorporeal circulation +¢

Anomalies of the Aortic Arch i+ These need not be associated with
anomalies of the heart itself although cardiac defects are often present
There may be no symptoms In such cases treatment 1s not indicated
Symptoms may be absent 1n childhood to male their appearance 1n later
hfe when the vessels become sclerotic Dysphagia and persistent cough
are the most frequent symptoms 1n adult hfe with hoarseness or hemor
rhage as rare biltties It 1s ble for a lar nng to exert pres
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FIGURE 25 Double aortic arch Roentgenograms in A P and night oblique views
show bilateral esophageal constriction at the level of the third and fourth thoracic
vertebrae From an eight month old infant with stndor dysphagia_and respiratory
distress Double aortic arch each of equal size with nght descending aorta found
at D of followed of anter or arch and
of higamentum artertosum by Dr Julian Johnson.

sure on the trachea and esophagus 1n infancy of a degree sufficient to
produce early death Stndor the presence of respiratory distress and
cyanosis during feeding dysphagia and head retraction should lead one
to suspect the existence of a vascular nng 1n an infant

Double Aortic Arch The nght or posterior arch usually 1s larger the
left or anterior smaller Both arches however may be of equal size or
the left may be the larger The trachea and esophagus are enclosed mn 2
vascular ning formed by the junction of the two arches which unite poste
norly to descend either on the left or night side of the chest Rarely one
arch 1s obliterated 1n whole or in part represented only by a cord Bilat
eral constriction of the trachea and h can be d ated by
roentgenologic studies made with the aid of barium 1 the esophagus (Fig
25) A constricting vascular ning can be severed surgically with relef
from symptoms
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Right Aortic Arch The arch of the aorta passes over the right bronchus
mstead of the left and lies to the night of the trachea and esopbagus The
mnommate artery lies to the left and gives off the left common carotid
and left subclavian artenes A rudimentary left arch may persist as a
dorsal or ventral diverticulum from which the left subclavian artery and
ductus arteriosus may anse

The presence of a nght aortic arch may be diagnosed by roentgens
graphic means A pulsating aortic knob or widened superior medastinal
shadow may be vistble to the right of the upper sternum 'The aortic knob

FIGURE 26 Right aortic arch with ret and Jeft descending aorta At
the level of the aortic arch the barnun filled esophagus 1s displaced to the left m the
A P view and anteriorly 1n the nght oblique view From a four year old boy with
2 normat heart

will be absent in the usual left position except in the presence of a diver
ticulum representing the rudimentary left arch when a small left sided
knob may also be visible The trachea and barum filled esophagus will be
displaced to the left in the region of the aortic arch (Fig 15 274)

A nght aortic arch may be associated with esther a left or @ nght
descindmg aorta A left descending aorta passes behind the trachea ard

Roent, hic examination 1 the mght antersor obhque

position therefore will reveal anterior deviation of the trachea and esopi
agus (F1g 26) The aorta then descends to the left of the spine somewhat
more to the nght than the normal descending aorta I'he heart 15 ususlly
normal 1n the presence of a nght aortic arch and left descending aorta
nght aortie arch with nght descending aorta however seems to 06CUf
predomnantly m assocration with a cardiac anomaly Approumatel)
20 per cent of all cases of tetralogy of Fallot are assoctated with 2 nght
aortic arch and right descending aorta The aorta passes over the nght
bronchus and descends to the nght of the esophagus usually not cross
ing over to the left side until 1t reaches the lower region of the thora®
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It passes through the diaphragm n the normal position Roentgenograms
tahen 1n the nght anterior oblique position will show no deviation of the
trachea and esophagus either anteniorly or postenorly (Fig 15)

Antenior deviation of the trachea and esophagus may occur n associa
tion with a nght descending aorta provided a retroesophageal left aortic
dwverticulum 1s present

When a night aortic arch 1s present the fibrosed remnant of the ductus
arteriosus on the left may form a ring together with the nght arch and
pulmonary artery capable of producing constnction of the trachea and
esophagus Ths 15 particularly the case if the ductus anses from an aortic
diverticulum  All such constricting rings may be severed surgically

FIGURE 27 Right aortic arch with left subclavian artery ansing from might arch
and passing rom three year old cyanohic girl

m whom a nght pulmonary arfery aortic anastomosis was performed A (re
touched) Dewiation of trachea to left above carma B Posterior compresston of
esophagus by retroesophageal vessel

Left Aortrc Arch with Right Descending Aorta * ' The arch of the aorta
tahes 1ts normal course over the left bronchus after which the aorta passes
ret, ) 1ly and d ds to the rght of its usual position In the
A P roentgenogram the bartum filled esophagus shows the usual normal
mmdentation on 1ts left margin produced by the arch of the aorta The
esophagus descends far to the left of the mudline In oblique views there
15 anterior deviation of the esophagus in the region of the aortic arch

Anomalies of the Vessels of the Aortic Arch The night subclavian
artery may anse from the left aortic arch crossing to the nght behind the
esophagus or 1n front of the trachea An anomalous left subclavian artery
may pass in a similar manner from a nght aortic arch (Fig 27) or from
a dorsal dwverticulum associated with a right arch A left common carotid
artery may arse from a right ascendmg arch to pass antertor to the
trachea Either the te or the left subcl artery may leave
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the arch at a pomt further toward the opposite side than usual The
trachea 15 compressed anterrorly as the anomalous vessel courses upward
to reach the apex of the chest Only 1n rare nstances do such vessels exert
sufficient pressure on the trachea or esophagus to produce symptoms If
necessary they can be divided or displaced surgically to relieve pressure

Coarctation of the Aorta 18 The tnfantile type 1s due to a persistence o
exaggeration of the fetal narrowing of that region of the aorhic arch which
lies between the subclavian artery and the ductus arteriosus (aortic 1sth
mus) If of slight degree the condition 15 often of no clinical sigmficance

gy — o
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Ficure 28 Coarc‘tatlon of aorta Note deviation of coarcted segment meduilly

of aorta and brach lie vessels e il
of descending aorta From a fourteen month old boy with congestive fatlure

If extreme 1n degree or if associated with other sertous anomalies death
may occur m earlv infancy The adult type consists of an abrupt Yocahzed
narrowing of the descending arch of the aorta at or near the entrance ¢
the ductus The area of stricture 1s drawn medially and antenorly by the
ductus (Fig 28) The degree of stenosis cannot be determned from the
external a since a diaph projecting mto the lumen of the
aorta may contamn only a minute eccentric opening or may be completely
closed Both the infantile and adult type of leston may be present The
aorta 15 frequently dilated just beyonad the site of stricture Anomalous
ongmn of the vessels of the aortic arch biuspd aortic valves aortic
stenosis patent ductus arteriosus or mutral stenosts are not m!requenﬂ)'
assoctated Aortic msufficency may develop secondary to dilatation of the
aortic arch  Occasional instances of stenosis of the aorta prox:mal to the
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left subclavian artery or more rarely in the lower thoracic or abdommal
aorta have been reported

A more recent classification 1s based on the relation of the coarctation
to the ductus, 1 e preductal or postductal and on the patency of the
ductus

‘With extreme coarctation the entire circulation to the lower part of the
body must pass through the subclavian artery by means of anastomoses
between the deep arteries of the neck and the aortic mtercostal arteries
the internal mammary and the deep eprgastric artenes the spinal branches

FIGURE 29 Postmortem roentgenogram of chest of a woman with coarctation of
the aorta The vascular system has been wnjected wath barum paste The 1ater
costal arteries are very torfuous Notching of the ribs by the arierial loops 1s
obvious The internal mammary arteries are enlarged and the estensive dia
phragmatic anastomosts formed by their musculophrenic branches and the phremic
branches of the aorta 15 well seen on the left stde The tortuous enlarged subscapu
lar artery 13 wisible on the right border of the chest 1ts dorsalis scapular branch
enaircles the neck of the scapula (From Bramwell and Jones Brit Heartd 3 205
1941)

of the vertebral artery and the spmnal branches of the aortic mtercostal
artenes etc

The distinctive climcal charactenstics which are of vascular rather than
of cardiac ongin may readily be recogmzed during hife The mndividual
with coarctation 1s most commonly a vinle male of athletic bild Increased
pulsations systohc thrill and murmurs may reveal the presence of dilated
vessels of the collateral circulation m the neck or on the surface of the
thorax These may be Uy pr t in the lar area
Hypertension of the arms (or more rarely in the might arm only 1f con
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striction or obstructton of the left subclavian artery is present) will be
assocrated with diminution of the blood pressure 1n the lower extremities
An occasional individual with coarctation may present asymmetry of blood
pressure between arms and legs although the pressure in the arms 13
within normal limits Absent or weak pulsations of the abdominal aorta
femoral, and dorsalis peds arteries will be noted The heart 1tself may be
normal 1n size or enlarged to the left In the absence of aortic msuffi
ciency especially it childhood there may be no murmur or only a soft

Ficure 30 R signs 1n of the aorta Note indent2
tion of the aorta fo the right above the level of the left pulmonary artery with
convextty of the aorta distal to the indentation (3 «1gn) and corresponding devia
tion of the esophagus to the right at and below the level of the aortic arch (the €
3::3 (Fmr]n A;h R Johnson J Koop C E Friedman S and Rashkind W

ardiovascular Surgery in a Child. Hospatal A Review
of 241 Operations J Pediat 54 1?3“?9553[" ot 1 Acyancho Lesions

systolic murmur 1mmediately below the left clavicle often heard with max!
mum ntensity postenorly Later systolic murmurs over dilated collateral
vessels may be heard over each side of the chest posteriorly and anterony
extending down on to the abdommnal wall A mud duastolic blow may be
present to the right of the apex The second aortic sound may be increased
Roentgenographic Appearance Scalloping of the mnferior surface of the
posterior ribs due to erosion produced by the diated intercostal artenes
1s a pathognomome sign but 1s not always present even n adult hfe (B8
29) It 1s absent 1n the first two ribs which are supphed from 1ntercostal
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artertes ansing above the site of coarctation If the constricted area les
proximal to the left subclavian artery or 1nvolves the onfice of this vessel
notching may be noted only in the nght hemthorax The cardiac shadow
may be normal or present some degree of left ventricular enlargement The
ascending aorta may be dilated The dilated left subclavian artery may be
wisible as a curved outline on the upper left border of the superior medi
astinum It 1s sometimes mestaken for the aoriic hknob which 1s usually
absent It may be possible to note a ciscrepancy between the mcreased

, FIGURE 31 Coarctation of gorta saccular aneurvsm drstal to site of coarctation
{ d) and

The arrow pomts to the site of

t A E: h From a mine vear old boy 1 whom
the stenosed segment of aorta and the aneurysm were resected by Dr Juhan
Johnson (Courtesy Dr Eugene Pendergrass )

pulsations in the left subclavian artery and decreased pulsations in the
adjacent descendmg aortic arch The descending aortic arch may be
traced with dufficulty 1n the left anteror oblique position Only rarely can
the actual narrowing or break mn continmty be visualized on the standard
roentgenogram When the lies 1n the d d arch an n
dentation or concavity of the aorta to the right may be wvisible above the
level of the left pulmonary artery with abnormal convesity of the aorta
distal to the indentation due to poststenotic dilatation (the 3 sign) There
1s correspondmg deviation of the barmum filled esophagus to the night below
the level of the aortic arch with indentation to the left (the € sign) (Fig
30) 4% In jgolated mstances all findings may be negative In such cases
roentgenographic diagnosis 1s possible only through direct visualization of
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the lesion with the aid of contrast subst ince injected ntravenously (Fig
31) or through the left carotid or brachal artery (Fig 32)

The electrocardiogram may be normal or may show some degree of left
ventricular preponderance Radial and femoral pulse tracings will reseal
delay 1n the pulse wave over the femoral artery Oscillograms from the
arms show a higher amphtude than those taken over the legs, the reverse

of normal Short or absent K waves may be noted 1n the ballistocardio
gram

Froure 32 of aorta A from eight month old 1nfant

one half second after tnjection of contrast med; rtery (Cour
(e ball second after rast medium it left brachal artery (

The course 1n early bife 1s usually symptomless Characteristic symp
toms that may make their appearance 1n later life are headaches vertiso
epistaus, flushing of the face, annoying pain m the chest and shoulders
cramping and intermttent claudication of the legs The temperature O
the shin surface may be higher in the upper than in the lower parts of the
body The most frequent complications are rupture of the aorta pactenal
imfection at the site of coarctation or on the basis of associated lesions
cerebral hemorrhage due to rupture of aneurysmal dilatations of the cer®
bral vessels and congestive failure the mtial myocardial weakness beté
fr tly induced by rent mfection Only about 25 per cent of
the group are destmed to live a life of normal duration with death due to
unrelated causes

The coarctation may be resected surgically followed by end to end sutt
ing of the aorta If the area of stricture 1s unduly long an aortic graft may
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be mnserted i adults Stnce there 1s experimental evidence to indicate that
an aortic graft will not grow plastic procedures to enlarge the proxumal
aortic segment before anastomosis are preferable to the use of a graft m
a child It 15 important also that interrupted sutures be used 1n childhood
since a continuous suture will not pernmt future growth of the aorta at the
site of the anastomosts

Surgical treatment should be performed 1n youth first because of the
relatively early death in at least half the individuals wath coarctation
second because of the mncreased hazard of hemorrhage m the presence of
marked sclerosis and caleification of the aortic arch Techmeally the oper
aton 1s possible 1 wnfancy and if intractable fallure marked hypertension
or untoward symptoms exist the operation may be performed very early
mm Iife Tmmediately after operation normal pulsations may be felt n the
{emoral artery The fall of pressure in the arms and nise of pressure n the
legs may occur more gradually over a period of weeks or months The
aprcal mid diastolic blow disapp Systol. over the coll 1
vessels may persst for a long period of time

Coarctation with Congestive Faillure in Infancy Such failure seems re
lated to the absence of adequate collateral creulation at birth  If the site
of coarctation hes distal to the ductus (postductal) the fetus must develop
collateral circulation m order to survive and the newborn infant will have
no difficulty adjusting to postnatal life If however the coarctation les
proximal to the ductus (preductal) there 1s no stimulus for the develop
ment of collateral circulation 1n fetal hife since the blood takes the usual
fetal course from the pulmonary artery through the patent ductus into the
descending aorta Following closure of the ductus after birth sudden strain
may be placed on the left ventricle resulting in failure If the ductus fails
to close the night ventricle persists as the main functiomng ventricle and
night ventricular faillure may result Many nfants with congestive failure
due to coarctation respond well to digitalization and mught better be
operated on after months or years dumng which adegéiate collateral
arculation may develop If they fal to respond to medical treatment
recourse to operation should not be delayed unduly

Anomaloys Pulmonary Venous Dramage 7 Partial anomalous pulmo
nary venous connection has been discassed with the Iesions associated with
an arteriovenous shunt

If all pulmonary veins empty into the right atrium the foramen ovale
must remam patent Anoxemta will be present although cyanosis may
be shight or not evident The systemic circulation 1s supphied entirely by
muxed venoartenal blood through the atnal defect The left atrnum and
ventricle are hypoplastic Arrhythmias (atral fibrillation or atnal pre
mature contractions) are farly common A systohic murmur and thrill
may be present along the left sternal horder Progressive cardiac enlarge
ment termmates in nght sided farlure  When all pulmonary veins empty
nto a common vessel which empties into the right superior vena cava by
way of the mnomimate vem the cardiac sithouette bears a charactenistic
appearance likened to a figure 8 This common vessel has been termed
the left superior vena cava or left vertical vein ( Fig 33) 'The upper loop
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of the figure 8 1s formed by the dilated nght superior vena cava and Jeft
vertical vemn, the lower loop by the heart Angiocardiograms will reveal
the abnormal course of blood Catheterization shows a sigmficant rise in
oxygen content n the blood from the nght atnum as compared with the
inferior vena cava The blood from the right superior vena cava may be
huighly oxygenated The oxygen saturation of blood from the nght atnum
will be 1dentical wath that in the femoral artery

This lesion may be corrected by operation under direct vision with the
aid of extracorporeal circulation 1™ An anastomosis 1s made between the
left atrium and the anomalous pulmonary venous channel situated pos

FIGURE 33 Complete 1 it y venous d into the nght
atrium through a left vertical vein  Diagnosis proved by necropsy Note widenins
of superior med:astinal shadow due fo dilated superor vena cava on nght and leit

vertical vemn on Jeft The supenor mediastinal shadow and the cardia¢ shado¥
form the contour of a figure 8

tertorly The atnal defect 1s then closed and the vertical vemn ligated 1
the left atnum seems unduly small 1t may be enlarged by displacing the
atnal septum 1nto the nght atnum

Anomaolous Blood Supply to the lungs 48 Anomalous artersal vessels
may arise from the thoracic or abdommal descending aorta from 2 bra
ocephalic artery usually the mnomunate or left subclavian or from e
ascending aorta to pass into a pulmonary lobe or mnto the mlum of the
lungs Vessels which anse from the descending aorta are more Iihely t0
be associated with abnormality of the lung (aberrant pulmonary lobe,
o tal cyst bronchiectass), wh lous vessels ansing 8b0V€
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the root of the lung are more likely to be associated wath serious cardiac
abnormalities especially absence atresia or hypoplasia of the main pul
monary artery or absence of one or both pulmonary branches

Ab. of a Pul y Artery Bronch 10 This condition
1$ nat too rare m clinics that see many congenital cardac cases Associated
major or munor cardiac anomaltes have been present in practically all
cases There 15 a tendency for the aortic arch to be on the side oppostite
the absent pulmonary artery The lungs are normal Anomalous blood
vessels from the aorta or from a brachiocephalic vessel may penetrate the
hilum of the lung which 1s deprived of its pulmonary artery Extensive

FIGURE 34 Absent left 'y artery of right y artery
Angiocardiogram mken two seconds after m]ectmn of contrast medium shows
absence of left artery of nght y arfery shortly
after its ongin with dil: beyond the of aorta
due w) nght left shunt From a cyanotic five year old gul (Courtesy Dr John

ope

of the b hopul y vessels may develop The hem

thorax on the normal side may be smaller than 1its opposite hali Roent
genograms reveal normal vascularization of one lung whereas the opposite
lung 1s small and relatively avascular Angiocardiograms reveal contrast
medium passing normally through the mght heart and mamn pulmonary
artery mnto a large normal nght or left branch with no visuahization of
the opposite branch (Fig 34) Later when the aorta 1s opacified a fine
network of vessels may appear 1 the opposite hilar region due to the
Presence of enlarged t hal arteries O lly a large
vessel may be seen

Due to the absence of pulmonary arterial circulation normal oxygen
exchange does not occur 1n the involved lung This may be of sigmficance
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surgically if the single pulmonary artery 1s clamped to perform a shunt
procedure Unless adequate collateral circulation has developed on the
opposite side 1rreversible cardiac arrest may occur

Bronchial Obstruction Due to Anomualous Course of Left Pulmenary
Artery 3 This syndrome has only recently been described The left pul
monary artery anses extrapericardially from an elongated pulmonary
trunk It arcles anteriorly around the right bronchus and lower part of
the trachea then posteriorly and to the left behund the trachea and m
front of the esophagus and aorta Roentgenograms will show anteror
indentation of the esophagus near the level of the carma, constriction of
the rnight bronchus near 1ts ongin and deviation of the trachea to the left
Stridor and emphysema of the nght chest are associated clintcal symptoms

FiGURE 35 Anomalous (absent) inferor vena cava with azygous dramnage
Anglocardiogram (retouched) taken duning the injection of contrast medium
through a catheter mn the saphenous vein shows passage of contrast medum mto 2
vessel which passes upward to enter the azygous vein From a two year old cyanotic
gl with situs inversus  (Courtesy Dr John Hope )

Anomalous Inferior Vena Cava with Azygous Drainage (Absent Infe
rior Vena Cava) *° This lestion 1s being found with increasg frequency
as an angiocardiographic finding 1n the diagnostic study of patients witl
cardiac defects Contrast medium 1njected mnto a saphenous vein enters 2
vessel which passes upward to empty mto the azygous vemn (Fig 35) The
hepatic vems enter the nght atrium directly The majonty of cases have
been associated with partial or complete situs inversus and with serious
cardiac lesions A persistent left supenor vena cava has been present 1t
more than half of the recorded cases The most prevalent lesion 1 the
cyanotic mdividual has been a biloculate heart with pulmonary stenos
or atresia

Downng ° has described a diagnostic roentgenographic sign consisting
of the presence of a rounded density mn the nght superior medmst""“I
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shadow which represents the dilated azygous vemn as 1t courses anterorly
to enter the nght atnum or superior vena cava

Pulmonary Arteriovenous Fistula v1 A congenital pulmonary arterio
venous fistula consists of a network of distended vessels which provide 2
direct commumication between an afferent thin walled artenal trunh and
large efferent veins within the lungs (Fig 36) Such a fistula may be

Ficvre 36 Pulmonary fistula taken one second
after injectron of contrast medium shows Dpacnﬁmnon of rght atnum n ht ven
tncle pulmorary artery and dilated vascular spaces in lower nght lung Faint
wisualization of aorta due to eatly return of dye from left lung From a three year
old cyanotic gl with no munmurs  Disappearance of cyanoss followed might
lower lobectomy by Dr Julian Johnson. (Courtesy Dr John Hope )

single or multiple and 1s usually not assoctated with cardiac disease
Polycythema clubbing and dyspnea develop as secondary mamfestations
of anovemia Death may result from massive pulmonary hemorrhage A
soft continuous murmur may be heard over the chest wall in the region
of the lesion Roentgenograms wil reveal one or more circular shadows
within the lung fields which are seen to pulsate on fluoroscopic examina
tion Eradication may be accomplished surgically
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Dextrocardia

In the broad sense the term dextrocardia 2 1s often used to designate all
stances 1 which the heart 15 found on the nght side of the thorax,
whether of acquired or congemtal ongin  The preferab'e term for displace
ment of the heart to the night as a result of extrinsic causes 1s dextro
verston Such displacement may occur 1n fetal hfe due to agenesis of the
right lung eventration of the left diaphragm, or congenital cystic disease
of the left lung The heart 1s normally formed with apex ponted to the
left The term dextrocardia should be reserved for those cases m which

FIGURE 37 Roentgenogram of a child with 1solated dextrocardia The heart
Lies 1n the night chest with apex to the nght the aortic hnob 1s situated 1n the usual
position to the left of the sternum The shadow of an anomalous structure (vascular
diverticulum?) 1s vistble 1n the left chest Patient died at fifteen veurs of menngo
coccus menmngitis No necropsy

the heart developmentally assumes a position on the nght side of the
thorax with apex pointing to the right The perfect example 1 the misTof
image of the normal heart as 1t 1s found 1n complete transposition of the
viscera (complete situs inversus) The anteroposterior relations of the
cardiac chambers to each other remam unchanged, but the nght to left
posthions are reversed A right sided aortic arch and a left superior Vend
cava are present In roentgenograms the apex 1s seen to the nght and the
nght and left anterior oblique positions replace each other The electr®
d 1s path All 1 1n Lead I are mverted and
Leads II and III are interchanged The frequency of cardiac anomalies
n situs mversus 1s probably similar to that n the population at largé
Isolated dextrocardia due fo an arrest of development i an early devel
apmental stage may occur wathout situs mversus or with ncomplete trans
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posttion of other organs Grave anomalies of the heart such as pulmonary
stenosis transposition of the great vessels and single ventncle are fre
quently present, i with an lete degree of murror mmage
mnversion The apex 18 usually directed to the nght (Fig 37) The =ortic
arch may be found on elther the nght or left side The nght leaf of the

15 d 1n dext dia indicating that the heart rather
than the hver determmes the difference 1n height of the two sides of the
The elect: 1s often atypical because of the asso

aation of cardiac malformation with partial mirror 1mage position If the

FiGURE 38 Dextrorotation of heart truncus artenosus absent pulmonary artery
left pulmonary branch fed by small ductus (diagnosis proven by operation) Note
absence of apex which hes substernally large aortic shadow fine linear shadows
of coll vessels the med | shadow antenor deflection of

esophagus by large collateral vessel From a markedly cyanotic three year-old
gurlin whom a lelt aortic pulmonary anastomosis failed to remaun patent. Bilateral
to create
marked 1n exercise Tnple by Dr
Ji uhan Johnson

nght ventncle 1s hypertrophied a seemung left axis deviation may be
present. Inversion of P waves should be present in Lead I but upnght P
waves may be found 1f the atnal cavities are not in the murror image
position but retain their usual nght to left relationship

Isolated dextrocardia should not be confused with dextrorotation or
mncomplete rotation of the heart on 1is ams (dextrotorsion) In dextro
rotation the apex of the heart lies anteniorly within the cardiac shadow
usually close to the sternum (Fig 38) The heart itself may be otherwise
normal! but more frequently other anomalies are present ranging from
slight to severe The el may be dified by the anomaly
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but 1< otherwise normal except that aus deviation may be modified by
changes 1 the relation of the heart to surrounding structures independent
of the effect of ventricular hypertrophy

Both dextrocardia and dextrorotation of the heart may be assoctated
with anomalies resulting 1n cyanosis Among these will be cases of pul
monary stenosts and madequate pulmonary flow which may benefit from
a Blaloch Taussig or Potts Smith procedure

Management of the Individual with a Cardiovascular Leslon

The majonty of babies with card ular lies are p tre
and not cyanotic They should be treated as normal infants and should
recetve routine mmunizing 1ngections although in the dehcate infant
vaccmnation agamst smallpox may be postponed Because of the great
susceptibility to respiratory mfection mothers should be cautioned agamst
the danger of exposing these children to ndividuals suffering from colds
Immediate medical aid should be sought upon the appearance of any
infection, hovever shight

The cyanotic wfant with madequate pulmonary circulation warrants
speaal consideration Attacks of parotysmal dyspnea may be relieved by
placing the child m the knee chest position and providing access to fresh
air or oxygen Severe attachs respond to injections of morphune sulfate 1t
doses of 05 to 10 mg per ten pounds body weight An adequate intake
of flud 1s mmportant to prevent dehydration and les.en the possibility of
cerebral thrombosis If the hemoglobin 1 low in proportion 10 the
erythrocyte count ron should be admimstered orally Cyanotic nfants
with low hemoglobin who cannot take oral preparations of tron will profit
from the intramuscular admmstration of Imferon Surgical ireatment &
not mdicated as long as the nfant 15 able to grow and develop even
though at a slower than average rate Young children with tetralogy of
Fallot should not be referred for operation merely because of cyanosis and
an operable lesion but only 1if they are definitely incapacitated

The special liabiity to the development of bacterial endocardibis and
of bramn abscess m ndviduals with cardiovaseular anomalies mahes 1
mnperatrve that pemiallin be given preceding and following the extraction
of teeth tonsillectomy, ete All febrile illnesses due to mfections should be
treated wrth adequate doses of antibiotics to be continued for one weeh
after symptoms have dwsappeared The aim should be to eradicate organ
1sms not merely to treat symptoms Endocarditis should always be hept
m mumnd as 1 possible cause for any febnle illness so that the diagnos:s
may be made early enough to permit adequate trial of the newer therd
peuttc measures 1f 1t seems probable that a patent ductus 15 the site of
wmfection higation or severance of the duciu~ should be performed after
treatment with pemeillm or other antibiotics unless the mfecton 15 dve
to a resistant orgamsm or unless heart farlure 15 present mn which €a%€
operation should be performed early Cerebral symptoms espectally severe
headache 1n a cyanotic mdvidual should arouse suspicion of the existenc®
of a brain abscess due to an infected parad 1 ermabol The combine!
use of antibiotics and surgical mtervention may result m cure
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Since operative procedures of all sorts are well borne there should be
no hesitancy 1n recommending operations for conditions m which surgery
seems indicated

In early life because of the tendency to malnutrition and susceptibility
to infection careful attention should be paid to the regulation of the daily
actvity so as to assure proper diet sufficient rest and avoidance of
fatigue There 1s no mndication however for restriction of exercise beyond
the hmiting capacity of the heart itself Patients with congemtal cardiac
anomalies may be permutted to find their own level of physical activity In
spite of startling murmurs and cardiac enlargement the functional capac
1ty 15 often normal An objective attitude on the part of the parents with
avordance of mamfestations of sympathy will axd the child to face his
difficulties frankly and to reccgmze both his limitations and his powers
‘With proper psychol h mn childhood and defimte tramng
toward an mncome producing occupation most congemtal cardiacs who
attain adult hfe will be able to lead a normal self supporting existence
The largest proportion of these will be noncyanotic but cyanofic mdivid
uals also have been known to lead long and useful lives Cyanotie chil
dren therefore should by no means be deprived of schooling

In adult hfe comphcations must be treated as they arise Dimitalis
should not be used except 1 the presence of congestive farlure Venesec
tion 1s sometimes of value 1n the treatment of hemoptysis such as may
oceur 1n assoclation with pulmonary hypertension It 1s to be remembered
that m mdivduals with lesions associated with an arterovenous shunt
tachypnea may be an indication of the increased volume of blood within the

'y crreul due to the arter shunt and not the result
of heart failure

The appearance of an mncreasing number of procedures directed to the
surgical treatment of congenttal heart disease has made 1t imperative that

diniduals wrth cardiac Ties be evaluated to determine whether they
need receive the benefit of surgical correction Cardiac catheterization and
angrocardiography are by no means necessary 1n all cases In many indi
viduals the diagnosts 1s obvious without such studies In others the
anomaly 15 of little or no chmeal and elaborate d tic
tests or surgical procedures are not warranted The use of such procedures
should be reserved for patients with defimite cardiac enlargement or symp
toms which suggest the advisability of early operation and 1n whom the
diagnosis cannot be made by routine clinical methods

Selection of patients for surgical treatment 1s no sumple problem The
clinical status of the patient and the potential hazards of the lesion must be
balanced agamst the nsk of operatlon There are all degrees of seventy of

the vanous cards An individual with a slight degree of
pulmonary stenosts or a small ventricular septal defect may be asympto
matic and never require surgical mtervention whereas the presence of a
tight pulmonary stenosis or a very large ventncular septal defect may

necessitate operation m mfancy as a 1 Due
tion should be given to the expenence of the avaxlable cardiovascular surgi
cal clmc and the facil for posts tive care An P mdy
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widual capable of Lving an active hife for many years should not be referred
for an operation that has not been perfected and carries a high nish

Finally psychologic factors should be considered 1t 1s wise not to refer
a negatistic child for an elective operation but rather to wai until the
child has matured sufficiently to go through the experience without undue
psychologic trauma Time should be taken to discuss the situation fully
and honestly with patients or parents so as to make certam that they
understand and are willing to accept the risk of operation
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6

Epidemiology of Rheumatic Fever

Modern epidemiology concerns the natural history of a given disease
and the way 1t seems to behave —as a mass phenomenon For purposes
of onentation one can approach this aspect of any disease by first attempt
ing to 1dentify and measure the vaneties of circumstances under which it
occurs—whether they be hereditary tal {social hical)
or of many other hinds So our d here of d logy mll not
be limited to considerations of the infectious aspects or to emdemics of
rheumatic fever but rather to 1ts prevalence 1ts etiology 1ts ecology and
1ts geographical social and familial pathology

General Prevalence The true meidence of rheumatic fever n any
zmven commumty the degree of crippling morbidity 1t mflicts or the
mortality rate justly attnbutable to this disease 1s unknown, for its mani
festations have not been reflected accurately m mortality statistics and 1t
15 a reportable disease only 1n a relatively few countnes and commumties
It 15 therefore not easy to pare 1ts actual preval with that of
tuberculosis or poliomyehtis Nevertheless etpenence shows that in
certamn regions 1t 1s still among the most important of diseases although
1t 1s becoming less so

None of the methods which deal with 1its inaidence prevalence and
general mmportance 1s above criticism but they are the best methods at
our disposal From them we find that in the Scandinavian countries, where
theumatic fever 1s a reportable disease the mcidence per annum has
ranged from about 1 to 3 per 1000 population From mortality stahistics
we find i this country that there are great vanations i time and place
which are 1nfluenced by such factors as age and race of the patient Par
ticularly are the differences striking 1n the wiite and non white groups
1n which as Wolff17 has shown the non whites suffer more <everely than
the whites From hospital admission figures—which 1s a rough index of
the general importance of a given disease withun a given community —we
find that active cases of rheumatic fever make up from 01 to 5 per cent
of the admussions to the medical services of general hospitals n this coun
try It 1s estimated that about twice this figure may apply to childrens
hospitals  From school surveys we find that rheumatic heart disease has
been detected among school children at a rate of from 03 to 6 per cent
and among North American college students from 0 6 to 1 per cent These
figures are rough sndications as to the general frequency and mportance
of the disease 1n this country On the other hand the mortality rate
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142 CARDIOVASCULAR DISFASE
of sheumatic fever 1s declinng both 1n the Umnited States and Englant'i,
and o the figures quoted above which were largely gathered n the 1930's
can only be said to apply to that period

path is Ithasb t y to der the eprd logy of
a preen disease from the standpoint of three well known epidemiological
qmies the sced, the soil and the cimate We need not dwell on the first
of these three 1tems for 1t 15 today generally agreed that the seed here1s
the orgnal bactenal incitant @ e group A streptococcus hemolyticus, and
more will be sard about this Iater As to the soil, (or human susceph
pility) 1t 15 on this question that the pathogenesis of rheumatic fever and
\ts very nature hinges Apparently sensitization phenomena appear to be
at the basis of the problem Thus 1t has been a working hypothess that
it 15 a ‘ conditiomng of the human soil’ to a special state of susceptsbility
to group A hemolytic streptococer which seems to be responsible 1n large
part for the development of the syndrome known as rheumatic fever 14

From the standpomnt of the eprdemialogical climate 1t 1s here that
recogmtion 15 made of conditions pecuharly favorable for the spread of
streptococer and for therr seeding and growth on “fertile sot” withm
susceptible hosts such as rheumatic famibes v or new recruits m the
barrachs of a naval tramnmg station or other sites where high rates of
rheumatic fever have been observed

The Seed or Group A Streptococel  Since the primary observabons
of Coburn  Sheldon,!- Glaver and Gnffith,* and others 1 the early 1930,
evidence has contiued to accumulate that rheumatic fever 1s one of the
sequellae of the infections caused by Group A hemolytic streptococct,
which include streptococeal sore throat acute folhicular tonsihitis scarlet
fever erysipelas and puerperal fever Of these acute streptacoccal sore
throat and tonsilhtis are undoubtedly the t forms 'This evt
dence can be drawn from chnscal and serological observationsr* and from
the striking effects which antibotics exert in reducing the maidence of
theumatic fever when the precedmg streptococcal infection receives early
freatment :* Rheumatic fever follows hemolytic streptococcal anfections,
particularly of the respiratory tract as a nonsuppurative complcation
Thus 1t has been noted that the imitial acute illness 1s usually followed
by a latent or quescent period which termimnates i the more or less
explosive appearance of arthntis or carditis (see Figure 1) Recrudescences
of rheumatic actmity frequently appear when infection by hemolytic
streptococer oceurs 1n persons who have previously undergone attachs of
ot tic fever I logic mvestigations have ndicated that high
titers of vanous antistreptococetl antihodies to products and fractions
of hemolytic streptococer are usually demonstrable 1n persons sufferng
from acute rheumatic fever or from recurrences of this disease

In many ways then this family of hemolyts. streptococe: represents the

seed and can be regarded as the etiological agent of rheumatic fever, but
to say 1t 15 the only etiologic factor 1s inadequate The conditionimg factor
15 another aspect of etiology which mdicates that chidren are either bort
with the capacity for reacting unfavorably with a special “rheumatic”
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P to strept ! nfi or that childven develop this capanity
as an unfavorable response because they are conditioned perhaps, as one
theory suggests, by acquining multiple infections with heterologous types
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FicURE I Diagram modified from Escherich and Schick to illustrate possible
forms which the nonsuppurative complications of scarlet fever and of acute
tonsillitis may assume ‘The division of this process into three phases 1s also
shown From Paul ¢

of streptococar early 1n ife ‘This latter 1s the direct result of exposure to
many new strains of streptococcr one after the other or to crouding
within the home or bed which facilifates the spread of these organisms
and helps to bring about what Coburn has called the rheumatic state
These streptococeal infecttons which are acquired especially between

the nges of one and twenty years but most frequently in the school age
penod are transmitted mamnly through human association and through
the medwum of droplet mfection and to a lesser extent through the
medwm of contamunated objects food or milk Large numbers of
healthy carniers exist in the population and are especially numerous
among cluldren who play a special part mn spreading these fections
Nearly all of these carners represent actual infections and 1t 1s beheved
that most streptococcal infection 15 of the latter napparent type Immu
nologic investigation has revealed that in almost eighty per cent of one
group of children five to fifteen years of age there was defimie evidence of
past and recent infection with hemolytic streptococe: as measured sero
logically by the antistreptolysin (ASLO) test
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About three per cent of overt streptococcal infections of the respiratory
tract 1n young adults are comphcated by frank rheumatic fever, and
consequently wherever a high prevalence of streptococcal infections exists,
there 1s an increased opportunity for a high prevalence of cases of rheu
matic fever

Few more striking demonstrations of the relationship of rheumatic fever
to acute hemolytic streptococcal mfections can be found than in the
programs carried out for the reduction of recurrent rheumatic attacks
within cardiac homes for children through the daily prophylactic use of
antibiotics or through the demonstration that a local reduction 1n the
incidence of rheumatic fever can be brought about by the prompt and
early treatment of all acute streptococcal infections 1n a military popula
tion as has been done by Rammelkamp and his co workers at the Francs
E Warren Air Base n Wyoming+ These demonstrations prove con
vincingly that if the trngger h can be pr d from occurnng
or stopped 1in time by these drugs then the local mncidence of rheumatic
fever can be sharply reduced

The Soil or Host Susceptibility However as previously mentioned, 1t
takes factors other than the seed 1 ¢ other than streptococel, to produce
a case of rheumatic fever and even though group A streptococer may be
present i a commumity and conditions are favorable for their spread
very few cases of rheumatic fever will result unless susceptible hosts are
also present in adequate numbers On this point hinge many questions
which concern the nature of rheumatic fever, the crucial one beng What
1s 1t that makes one group of mdividuals (roughly about three per cent)
of those fected with beta hemolytic str Dt develop 1t 1
fever while another group fails to develop such complications? This leads
on to an inquiry as to whether the potential rheumatic patient 1s so cont
ditioned because of an inherent susceptibility, mamfest through racual
predispositions  anthropol 1 or famihal groups or an acquired Sus
ceptibility associated perhaps with conditions which favor repeated mnfec
tion '- or other largely unknown, factors It 1s difficult to assay the
relative importance of each

Raclal Susceptibllity As to racial susceptibihty or resistance there 18
uncertainty because the data on this pomnt are generally unreliable but
Insh people lving 1 and n the viemty of New York City" seem i0
acqure rheumatic fever somewhat more readily than do representatives of
other “races  Negroes do not seem to acquire the disease more readly
than Whites 1n this country but their mortality rate from rheumatic fever
1s higher !

Anthropological Types Many investigators believe that certain human
types are peculiarly susceptible to the development of rheumatic fever but
here agamn data regarding these views are somewhat confheting

Famliial Incidence A voluminous literature bears witness to the fact
that the prevalence of rheumatic fever and rheumatic heart disease 15
high n certain families It has been shown for instance that in fanmlies
in which the parents have suffered from rheumatic fever the prevalence
of this disease 15 more than twice as high as in other famihies and also
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that mn so called rheumatic famihies eight to ten per cent of exposed per
sons are infected as against 2 9 per cent 1n the families of healthy controls
A cogent observation with reference to 1ts familial incidence calls attention
to 1ts sumilanity wath that of tuberculosis

Favoning the importance of hereditary factors Wilson and Schweitzerl»
have corroborated their previous conclusion that susceptibihity to rheu
matic fever 15 inhented as a ssmple recessive trait However they also point
out that the demonstration of hereditary susceptibiity does not exclude
the operation of environmental factors It 1s essentially this same conclu
sion that was reached 1n the study of Gray, Quinn and Qumn > Others
have agreed that inhenitance played a major role 1n determining familial
aggregation of cases but that a mendeltan mechanism could not be
established This 1s a situation which calls loudly for more study mn the
field of human genetics and the domicihary aspects of rheumatic fever

A very important pomnt 1n d of susceptibihity to rh 1c
fever 1s the factor of age In its famihar forms first attacks of clinrcally
recognizable rheumatic fever occur largely dunng school age Susceptr
bility to both first and recurrent attacks decline in the years after puberty
But rheumatic fever cannot be regarded solely as a disease of childhood
for as primary attachs predispose to recurrent attachs active rheumatic
carditts and polyarthnitis are common enough during adolescence and
young adult life Nevertheless from a chimcal standpoint the acute forms
are uncommon after forty or forty five years of age It 1s also rare in
infants under two years and uncommon under four years This empha
sizes how age conditions susceptibiity The infant apparently must grow
up to become rheumatic and regardless of close exposure he or she
usually succeeds 1n reaching the age of six or more before the disease 1s
acquired 1n recogmzable chmeal forms This does not mean that the
ground work of the sensitization phenomenon 1s not being laid 1n the
years preceding six years of age which may indeed be one of the most
1mportant age periods for conditioning the potential patient for the sub
sequent acquisition of this disease

A general statement about the age prevalence of rheumatic fever 1s that
the active disease finds 1ts 1 childhood but that as
primery attacks predispose to recurrent attacks the disease continues to
be common during adolescence and young adult hfe The differing symp
tomatology exhibited by juvemle and adult patients has also served to
gve the not altogether true impression that there are two or more dis
tinct forms of the disease and these features together with the dufficulty
of differentiating between first and recurrent attacks have been responsible
for divergent views about 1ts age incidence  We refer for instance to the
child of twelve years of age who comes to the hospital with her first clear
cut festation of active th fever and 1in whom there 1s a vague
history of growing pains at the age of seven Which 1s the first attach?
As another example there 1s the chuld of twelve 1n whom old rheumatic
heart disease 15 discovered for the first time and 1n whom no history of

1h 1c fever 15 bl
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Shght differences are also apparent 1n the age of onset, dependimng upon
what the imtial chnmical mamfestations happen to be (Figure 2) Thus,
Wilson® found 1n her pediatnc group that when the imtial mamfestation
was polyarthritis or carditis the mode occurred at the age of five Whena
cardiac murmur or growing or jont pams were mmtial mamfestations the
mode occurred at age six with chorea the mode occurred at exght years

PERCENT OF PATIENTS

L

AGE
“— GROWING ans JOINTPAINS ——~ POLYARTHRITIS ——-- CARDITIS CHOREA

1 2 3 4 5 6 7 8 9 10 u 12 15 W 1S

FIGURE 2 Distnibution of 674 patients by age at onset and by the type of the nttal
clintcal manifestation  From Wilson s series seen i New York City 13

Sex Except n the case of chorea the influence of sex on rheumatic
fever 1s not profound One finds certamn mteresting points however, which
have long been recorded in the Literature namely, that in the childhood
groups (below age thirteen) rheumatic fever 15 more hhely to develop 12
girls than 1 boys due perhaps to the fact that chorea 1s commoner I
girls In Wilson s series'® of 696 patients from a pediatnc climc i Ne¥
York City grls represented fifty six per cent In adolescent and adult
life active rheumatic fever 1s said to be more apt to develop i males than
1n females but this does not hold for Negroes where females seem to be
parhcular]y vulnerable during the child beanng persod not only to severe
theumatic fever with an increased death rate but also to an actual 1
crease 1n age specific sex incidence
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The Climate or Envir f Infl A fund; tal question which
has long captured the imagination of students of rheumatic fever 1s its
tendency to flourish 1n hugh altitudes, in cold damp chimates and m the
slums of London or New York There are apparently few fourth year
medical students who are unwilling to discourse on these subjects Buf
what 1s known about them? This depends on diffe 1al
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FIGURE 3 Seasonal occurrence of the onset of hospitalized cases of rheumatic
fever and of three streptococeal diseases in New Haven County covenng the period
1929 t0 1938 The rheumatic fever series consists of 526 cases the scarlet fever
senes of 458 the acute tonsilitis of 443 and the erysipelas of 285 From Paul ¢

of the incidence of rheumatic fever Actually such measurements are not
easly made and many divergent opimons have been gamed in the past
and continue to be gamed through chimcal impresstons rather than accu
rate measurements As the methods of measuring prevalence all have therr
failings but some are adequate enough to allow us to indicate that mor
tality rates of rheumatic fever and rheumatic heart disease differ in differ
ent places and have declined 1n more recent years 1n England and in some
parts of the Umited States 10 Considerable speculation exists as to causa
twve factors which have played a part in this decline Those suggested
include an improvement 1n living conditions improved public and personal
hygiene the increased use of antibiotics and other features It remams
to be seen how real the decline actually 1s and how long the reduced inct
dence will be mamtained In any event we can start with the following
premises Rheumatic fever 1s and wid: d throughout the
world and n Leeping with the beh of acute 1 d
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1t floursshes best 1n cold damp chimates as opposed to tropical chimates
In the United States there are wide ranges in prevalence reflecting m
general a ligher incidence 1n colder and wetter areas in high altitudes *

The effect of chmate 1s closely linked to seasonal changes and the corre
lation of streptococcal infections 1s further borne out here by the fact that
the acute stages of illness t e streptococcal infections and rheumatic
fever both follow a parallel seasonal trend (see Figure 3) This trend
seems to differ in different localities, but the greater number of acute
attacks of rheumatic fever 1n the eastern parts of the United States reach
a maximum ncidence during the late winter and early spring months and,
although great vanations m meadence occur from year to year mn general
a good’ year for streptococcal disease 1s a good’ year for rheumatic
fever

There have been many attempts to explain the nfluence of cold and
damp weather on this disease or group of diseases, caused not only by
streptococar but by other agents responsible for causing resprratory
disease  Cold weather in 1tself would not seem to be a dominant factor
but cold coupled with dampness and also high altitudes are chimatic and
geographic conditions which favor the spread of various respiratory mfec
tious disease particularly under situations which promote crowdimng withm
doors Thus latter feature crouding ntroduces another factor which fur
ther complicates the preture but 1t may be a fundamental one It may be
the explanation why rheumatic fever has been branded ongmally i Eng
land as a social disease 1 that 1t found 1ts highest mcidence among
the poorer children of industrial towns? This implicated varous other
factors exposure to cold and dampness through poor housing and malnu
trition These observations date from the 1920 s and 1930 s but have not
recewved the same emphasis today as they did then perhaps due to the
fact that urban living condrtions have 1mproved mightily both England
and 1n the Umted States during the past two decades Nevertheless the
effect of dit; on the preval of st tic heart
disease 1n the Umited States can still be demonstrated 9

The factor of crowding 15 one to be considered at some length and it
has been since the early and convincing observations of Perry and Roberts
mn England? who established a direct relationship between the degree of
crowding and the incidence of theumatic fever Rheumatic heart disease
furthermore 15 still acquired in the Umted States at a higher rate 18
school children living 1n urban than those hwving 1n rural areas® In suP
port of the unfavorable eflect of crowdmng are the long term observations
on a group of forty rheumatic and thirty nonrheumatic famihes by Gray
et al  It1s believed that crowding in the home and bedrooms allowing 85
it does more mtimate contact among younger members of the famuly
group may be conducive to the spread and maintenance within the family
arcle of various resprratory infections hut particularly those due to hemo

The practical significance of the duffertng rates became manifest duning World
War II when the expenence within Army and Navy installations 1 various parts of
The US 1 e north and south sea level and Rocky Mountamn areas These revealed
Aifferent rates for the acquisition of rheumatic fever and 1n this respect a correlatio?
with acute streptococcal nfection in such areas was established
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lytic streptococe: of vanous types According to one theory 1t 1s this kind
of repeated infections due to different types of streptococcr within a hittle
cosmos of susceptible hosts with one infection coming fast upon the heels
of another at an age when the child 1s 1ll fitted to handle the situation
that this may promote the occurrence of the rheumatic state Here 1s
another field which also calls loudly for more investigation

Conclusion Essentially, the epidemiology of rheumatic fever bears a
close relationship to the d logy of st I mnfections for 1t
15 a diseace that often follows close upon the heels of a Streptococcus
hemolyticus infection It 15 commoner 1n cold damp chmates and high alti
tudes It has found 1ts highest inaidence among the poorer classes of
urban and industnal populations 1t often has a high famhal nadence
the period of greatest susceptibility seems to lie between the ages of five
and fourteen However 1n view of the fact that the percentage of children
or adults who acquire streptococeal mfechons 1s large whereas the per
centage who acquire rh tic fever fi g strept 1 infection 1s
very small 1t b a major problem of the d ! to continue
to seck the explanation of this obscure and basic problem about rheumatic
fever
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Rheumatic Heart Disease

Ehalogy Rheumatic heart disease 1s part of theumatic fever, the etiology
of which 1s not yet fully known

Many d mcroor have been dered ble for the
disease ncluding filterable viruses and even the tubercle bacnllus At pres
ent however all evidence points to hemoly tic streptocaccl of group A as
the responsible agents! 3 although 1t 1s not clear why some individuals
nfected with these microor desvelop rh 1c fever while others do
not

The mechamsm by which hemolytic streptococcal nfections lead to
theumatic fever 1s also unknown There are currently several theores
which may be mentioned According to one the underlying mechanism
1s that of delayed hy ity to strep or therr products Ac
cording to a second the disease results from auto antibodies to the patient s
own tissue proteins which have been altered by streptococcal action A
third theory mvohes the action either direct or through the mechamsm
of delayed hypersensmv:ty of a hypothetical spealfic toxin or enzyme

to* hemolytic strept: A ding to a fourth

theory the disease 1s due to direct mmvasion of tissues by hemoly tic strep
tococer Fnally a modification of the last theory assumes that valvular
damage results from direct action of hemolytic streptococa: lodged n the
cardwac tissues but that the mamfestations of the acute stage of disease

are di dent on a t 1 such as one of those noted m the
first three theories cited above
There are certamn pred causes Rh tic fever 1s known to

occur more frequently n temperate chimates Like measles and scarlet
fever 1t occurs m cycles but this 1s related to the cyclic incidence of group
A hemolytic streptococcal infections There 1s & seasonal varation the
greatest meidence 1 Amenca being n the late winter and spning while in
England the d hat greater n autumn It has been fre-
quently pointed out that the family incidence of the disease 1s high To
what extent this 1s due to cross infection to inherited susceptibiity or to
environmental factors 1s not defimtely known but 1t 1s probable that all
three play a part While the disease 1s seen moderately frequently among
well to do patients living 1n good hygiemc surroundmngs 1t occurs much
more frequently among the poor who live m want and under crowded con

ditions  The age of the patient 15 also a factor In childhood and m early
adolescence the heart 1s more apt to be affected than later in hie Adults
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with first attacks of rheumatic fever also sustain cardiac damage but Jess
frequently and less senously than children *

Structural Changes Rheumatic heart lesions are spoken of as bemg
active or mnactive depending on whether 1nfl tion 15 present or merely
scar tissue resulting from previous nflammation They may be mn the
pericardium endocardium, or myocardium

Perlcarditls  The penicardium loses 1ts glistemng appearance becomes
congested coated with fibrin and roughened Endothehal cells swell, new
blood vessels are formed Probably i all cases there 1s some serous exudate
If the amount 1s great enough to cause physical signs or x ray changes the
patient 15 said to have pericarditis with effusion

During erther the fibrinous or the effusive state resolution may take
place This may result ssmply 1n a crcatricial thichening of the pencardium
without adhesion or in the process of healing, adhesions may occur
between the visceral and pametal layers of the pericardium, or betr cen the
parietal layer of the pericardium and the pleura mediastinal structures
or diaphragm

Endocarditls The term endocarditis 1s generally used i a loose sense to

mean mflammation not only of the endocardial limng of the valve but of
the entire valve structure—a meaning which 15 much more accurately
expressed by the term valvulitis True endocarditis does occur however
as part of valvuhitis and as localized inflammation of the mural endocar
dium especially of the left auncle The earhest change in rheumatic
valvulitis appears to be localized edema 1n the depth of the valve, with
cellutar nfiltration and proliferation following rapidly On the surface,
usually at the line of apposition of the valves, small areas of necrosts ap
pear on top of which thromb: are laxd down composed of fibrin and plate-
lets These can be seen grossly as small pinkish yellow vegetations on the
valves and chordae tendineae  As the process increases, cellular prohfera
tion and new caprllary formation occurs particularly at the base of the
valve so that much of the valve becomes the seat of a chromc granuloma
tous inflammation Healing takes place by orgamzation and scar forma
tion with the result that the valves become thickened shortened and
distorted These changes prevent the proper closure of the valve and
cause regurgitation The same deformities plus fusion of the valve margins
and sometimes calcarious deposition interfere with the normal passage o
blood through the onfice and cause stenosis

Myocarditis  Probably the earhest lesion 15 a biochemical or physical
chemical change m the mesenchymal ground substance between connectivé

tissue fibnls particularly 1n the walls of the smaller blood vessels Other
early changes consist of focal areas of edema and cellular wfiltration This
exudative stage 1s followed by that of proliferation characterized by the for
mation of Aschoff bodies These focal collections of cells are found most fre-
quently 1n the basal portion of the ventricular wall, are usually ;:nenv’lsclﬂ"’r
and located 1n the subendocardium but may be anywhere 1n the atral of
ventricular myocardium The Aschoff bodies are characterized by 1arge
b hilic often mul leated cells the nature of which has recetV!

much study v After the active nflammation has subsided the nodules
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gradually become small foc1 of fibrous tissue but study of atnal biopsy
specimens obtamed at operations has shown that Aschoff bodtes may per
sist years after all chinical evidence of disease activity has subsided ¢ Al
though these charactenstic lesions are focal in distribution the myocar
dium 15 diffusely weakened and dilatation occurs Contrary to what 1s
often thought the course of rheumatic heart disease clearly indicates that
the myocardial damage and not that 1n the valves 1s chiefly responsible for
the appearance of heart farlure in the active stages of this disease espe
aally 1n early attacks

Symptematology From this brief description of the morphological
changes 1t will be seen that there are two stages of rheumatic heart disease
the active and mactive Active theumatic heart disease or carditis 1s the
stage of active inflammation  Inactive rheumatic heart disease 1s the stage
of purely mechanical damage resulting from the scarnng left as a conse
quence of the earlier mfl tion Any d of p tology or
rtheumatic heart disease must consider these two stages separately and
since the inactive stage can be covered more bnefly 1t will be considered
first

b lc Heart Di: Although there are very distinct
phystcal signs of inactive rheumatic heart disease strictly spealing there
are no p for when ocecur they are those resulting either

from a cardiac arrhythmia or from heart failure Many patients with mac
tive rheumatic heart disease have no symptoms at all, while others expent
ence varous degrees of cardiac insufficiency ranging from mld dyspnea on
exertion to severe congestive heart failure even at rest In view of the
permanent valvular deforrmties pericardial adhesions and myocardial
scarnng 1t 1s to be expected that symptoms of heart failure would occur
and one of the most striking features of mnactive rtheumatic heart disease
1s the paumty of such symptoms so long as the functional capaaty of the

my good Symp and signs of heart failure promptly
appear however when the myocardium 1s weakened by a new attack of
carditis or by the d tive ch of years Among the

arrhythmtas which may appear 1n 1nactive rheumatic heart disease auric
ular and ventricular premature contractions are the most common Next
i frequency 1s auncular fibrillation but 1n this connection 1t should be
pointed out that the appearance of this arrhythmia 1n a rheumatic patient
under forty years of age 1s presumptive evidence of a return of the active
mflammation

Although the common type of pain which occurs m rheumatic heart
disease 1s that of carditis there 15 a less common type which can occur also
m mactive theumatic heart disease This pamn 15 anginal 1n type often
excruciating and often radiates to the left shoulder and arm It fi tly
15 assoctated with sudden elevation of blood pressure and 1s releved by
amyl rutnte It occurs in patients with aortic msuffictency and aortic
stenosis and probably 1s caused by myocardial anoxema resulting from
madequate coronary filhng

'The physical signs of nactive rheumatic heart disease are those of the
various valvular defects and of cardiac enlargement (qv)
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Achive Rheumatic Heart Disease (Carditls) As this 1s merely one man
festation of rheumatic fever, other evidences of that disease usually make
their appearance, such as fever, polyarthnis, subcutaneous nodules chorea
pleanitrs and erythema margmmatum When these are obvious, the natare
of the disease 15 easily recogmzed Even without the presence of other
mamfestations the diagnosis of theumatic cardstts usually 15 readily made
of 1t 15 severe for attention 1s drawn to the heart by such symptoms as
dyspnea and precordial pam  In some patients on the other hand carditis
may be msidious and other rheumatic mamifestations erther lackmg or con
sisting merely of such vague complamnts as aching jomnts fatigability or
loss of appetite The diagnosis 1n such cases 1s easily mussed and the
patient must be watched with great care for the appearance of defimitne
signs or symptoms This 1s particularly true in children 1 whom rheuma
tic carditis 1s prone to develop insidiously

In discussing active rheumatic heart disease, the term card:tis 1s €5pe
cially appropmate 1 it e tes the 1mportant fact that all parts of
the heart—myocardium, valses endocardium and pericardmum—are 1n
volved Nevertheless mvolvement of the vanous parts of the heart tends
to be associated wath particular symptoms and signs and 1 describmg the
symptoms of carditis 1t 15 useful to take up those caused by lesions of the
myocardium valves, and pericardium separately, although 1t must always
be borne 1n mind that all occur together 1n most cases

Msocarditis Because the murmurs which accompany rheumatic valvular
damage are so striking and because they persist into the mactive stage of
rheumahc heart disease early writers tended to stress the valvular Jestons
and to underestumate the importance of the myocardial damage It 15 10%
well appreciated, however that the myocardial involvement 1s much the
more mmportant so far as the functional capaaity of the heart 1s concerned
durmng the cowrse of carditis This 1s apparent when one considers the
many patients with severe congestive heart faslure during the course of
carditis who later have excellent cardiac reserve when the carditis has sub
sided 1n spite of the persistence of the valvular defects Thus, heart
farlure developing dunng the course of rheumatic fever s, in tteelf an
important mdicabion of myocardial involvement Other signs and symP
toms of myacarditis are the rapid development of cardrac enlargement
precordial pain and tenderness the development of an apical protodias
tolic gallop tachycardia out of proportion to the degree of fever and
vartous electrocardigraphic changes Furthermore since rheumatic pen
carchtis and valvulitis rarely, if ever, occur without myocarditis, any e
dence of cardiac involvement durmng rheumatic fever suggests the presenc?
of myocarditis

Valvulitis  Although the term ‘endocarditis ’ 1s used to designate 17
volvement of the mural endocardum which 1s 50 common m rheumatt
cardibrs 1t has been largely replaced by the term “valvulitis * 1n speaking of
rheumatic inflammation of the cardiac valves As was pomnted out 1 the
ciscusston of structural changes this designation 1s a more accurate 07¢
for the entire valve substance 15 involved Miral insufficiency 1s the co®
monest valvular lesion clincally Second 1n frequency 1s mitral steno®S
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which 1s the most charactenstic valvular lesion of rheumatic heart disease
Aortic liit y and are also and d: ge to the tn
cuspid and pul valves 15 d trable pathol lly but 1s duffi
cult to diagnose durning Iife These varous valvular lesions usually are
permanent once they appear but they may be transient 1f the valvulitis
cubsides before too great prohferative changes have tahen place Murmurs
early 1n the course of carditis probably are due to relative dilatation of a
chamber or of a valve nng and to edema of the valve leaflets Probably
true stenotic deformities do not occur until after weeks or months of
valvulitts Other signs associated wath mtral valvulitis are an accentuation
of the second pulmonic sound and the so called opeming snap but these
also appear only after the valve has been diseased for some time

Systolic Murmurs appeaning during the course of rheumatic fever
should lead one to suspect the presence of valvulitis but do not pro
vide definite evidence unless distinctly orgamic 1n character because they
are so common 1n other infectional diseases unassociated with cardiac
damage The appearance of new diastolic murmurs, on the other hand 1s
conclusnve evidence of valvulitis

Pericarditis ' While pathologeal studies show that some degree of pen
carditis occurs 1n most cases of active rheumatic heart disease chinically
mportant or diagnosable pericarditis 15 less common than myocarditis
and valvulitis It 1s more frequent in children than adults Because of
the danger of cardiac tamponade patients with pencarditis must be
watched with particular care

The most conclusive evidence of perrcarditis 1s the appearance of the
typical pericardial friction rub This 1s usually heard first 1n the region
of the apex and along the left sternal border but 15 sometimes loudest at
the base of the heart In its most characternistic form 1t 1s a to and fro
grating sound not quite synchronous with the heart sounds It may be
heard for only an hour or two or may persist for days Conclusive evidence
of pericarditis 15 provided also by certain electrocardiographic changes
described under Electrocardiography

Of merely presumptive sigmficance are precordial pan and signs sug
gesting effusion  Pa:n may vary from precordial soreness to a sharp stab
bing pleunsy hke pam

Pericardial effusion 1s suggested by the followming (2) Radiographic
demonstration of an enlarged pynform cardiac shadow extending up to the
first and second ribs to both the left and nght of the sternum with obliter
ation of the cardiovascular angle (b) increase 1n areas of cardiac dulness
particularly at the base of the heart 1n the first and second interspaces
(c) dimunution m intensity of the heart sounds (d) displacement of apex
beat upward and to the left (e} signs of consohdatron (Ewart s sign) at
the base of the left chest posteriorly The latter are caused by pressure of
the enlarged pericardial sac on the left lung Aspiration of pericardial flnd
of course makes the diagnosis defimte

Signs and Symptoms of Carditis Probably the most mmportant single
factor 1n the management of a patient with rheumatsc heart disease 15 the
determination whether the disease 1s 1n the active or 1nactive stage Be
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cause of this importance the vanous signs and symptoms of carditis are
summanzed below Among the conclustve evidences are (a) The appear
ance of heart failure during the course of rheumatic fever (b) the develop
ment of new diastolic murmurs (c) the appearance of a pencardial fric
tion rub, and (d) significant increase in the size of the heart—all if they
occur during an attack of rheumatic fever Among the presumptue et
dences are (a) Tachycardia out of proportion to fever, (b) gallop, (¢}
precorchal pamn and tenderness (d) the presence of subcutaneous nodules
(e) sigmficant increase 1n the atrioventricular conduction time, (f) the
development of auricular fibnllation or congestive failure 1n any patient
with physical signs of rheumatic valvular defects, especiallv in patients
under forty (g) fever, leuhocytosts or increased erythrocyte sedimentation
rate mn any rheumatic patient 1n whom there ts not some other clear expla
nation for their presence and (%) the app of any festation of
rheumatic fever 1n any patient for the heart must always be assumed to
be nvolved until 1t has been shown not to be Of course some of these
presumptive signs and symptoms should make one merely suspect the
presence of carditis whereas others and especially combinations of them,
are practieally conclusive

Electrocardiographic Findings 'These have been referred to in discussing
myocarditis and pencarditis They are considered more fully 1n & later
section

Course of the Disease The stage of active carditis varies in length from
a few weeks to several years and i seventy from episodes which escape the
notice of even a careful physictan to attacks which are fulminating and
cause death in a few days In the great majority of patients, however the
disease gradually passes 1nto the stage of mactivity symptoms of mflam
mation disappear, temperature leukocyte count, and erythrocyte sedt
mentation rate become normal, anemia improves, and symptoms of heart
tailure clear

During the inactive stage of the disease a dimumshed cardiac reserve
may or may not be present Many patients for years show no such dmm
nution and when frank failure occurs 1t usually means that active cardibis
has reappeared or that the patient has reached the age group 1n which
degenerative changes n the heart contnibute to cardiac insufficiency

It will be seen that rheumatic heart disease may be associated with
cardiac nsufficiency in erther its active or mactwve stages Durnng the
peniod of actiity such dimmution may be due to mflammation of the
my causing meffi y of the muscle or to the changes brousht
about by the increased pressure 1n the perscardium m pencarditis with
effusion It 1s probable that the endocardial lesions play a comparatively
small part n the loss of cardiac efficiency dunng the early active phase of
rheumatic mflammation

Dunng the inactive stage of the disease the changes which contrbute t0
dimimshed cardiac reserve and congestive heart failure are pericards
adhestons binding the heart to the adjacent structures fibrotic changes
1n the myocardium and most important scarmng of the chordae tendines®
and the vanous valves resulting in valvular mncompetence or stenosis and
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thus affecting the dynamies of arculation During either of these stages
changes 1n the vanous functions of the heart muscle may result in one or
another of the arrhythmias and they in turn may become a factor m
further producing heart failure
From the foregoing, 1t 1s clear that active rheumatic heart disease (car
ditis) 1s vastly more important than the inactive form for the latter occurs
only as the result of the former and 1s made progressively worse by repeated
attachs Thus the course and prognosis n any given case depend mainly
upon three factors The seventy of the attacks of carditis how long they
last and how often they are repeated On the basis of these factors four
chnical types of course may be described
Acute Fulminating In this type the disease runs a rapid course with
high temperature high leuhocytosis marked signs of heart failure and
death within a few days to a few months Fortunately 1t1s rare especially
1n adults In an analysis of seventy children admitted to Bellevue Hospital
m therr first attacks of rheumatic fever prior to 1943 three cases (or 4 3
per cent) ran this type of course whereas there were no such cases among
sixty seven adults * More recent experience has been even more favorable
Chronic Active In this type the patient develops active rheumatic
carditis the evidences of which dimmsh but never entirely disappear Such
patients usually have dimimshed cardiac reserve more or less anemia
fatigue and low grade fever but active inflammation may be so low grade
that 1t 15 not recogmzed Carditis of this type may continue for years and
end 1n death without ever subsiding or the disease may eventually become
mactive
Recurring This 15 the most frequent clinical type Periods of activity
occur every few years separated by longer or shorter periods of mactivity
During the periods of inactivity, particularly early in the course of the
disease there 1s usually no dmmnution 1n the cardiac reserve
Persistently Inactive In this chimeal type carditis heals with or without
restdual damage after a few weehs or months and does not return In the
past such fortunate out: were not and d 1n adults
more often than in children Today however 1t 1s the aim of continuous
prophylaxis to make all attacks of this type
Diagnosis In typical cases of active rheumatic heart dicease especially
when polyarthnitis or other rheumatic mamlestations are present the
diagnosis 1s obvious from the start Often however the diagnosis 1s obscure
and a correct conclusion can be reached only after careful observation of
the patient over a period of days or weeks
In general there are four types of diagnostic questions which arise  Frrst
m a case of definite rheumatic fever one must decide whether or not the
heart 1s mvolved Ths 15 done by looking carefully for the various pre
sumptive and conclusive evidences of carditis meanwhile keeping the pa
tient in bed
A second type of problem 1s that of the child with vague symptoms that
might be rheumatic but are not clearly defined Again one must watch for
the development of distinct signs or syrsptoms
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A somewhat similar problem 1s posed by the patient hnown to haie
mnactive rheumatic heart disease who begins to have vague symptoms It
may be difficult to determune whether a new attack of carditis has occurred
or whether the patient merely has some mcidental illness  Once more, the
only solution 1s to keep the patient at rest while searching carefully for
the various signs and symptoms of rheumatic fever and carditis

A final and common question 15 that presented by the patient with old
valvular disease of which one must deaide the underlymg etiology Usually
this 1s not difficult because the combination of a past lustory of rheumatic
fever and the physical signs of mutral stenosis point to a rheumatic basis
Even m the absence of a theumatic listory the presence of a characteristic
apical diastolic murmur usuallv 15 diagnostic although there are some
exceptions as noted under Differential Diagnosis

Differential Diagnosis The question of differentral diagnosis usually is
not a difficult one Howesver carditts can be simulated by a number of

d Tud) bactenal end ditis, sichle cell anerma leuhemta
brucellosis and hyperthyroidism Other types of pencarditis can also
cause difficulty as can congemtal heart discase

Bacterial Endocard:tis 1s apt to be especially confusing because 1t 16 S0
often implanted on valves previously damaged by rheumatic fever Usually
however the appearance of embolic phenomena ind positive blood cultures
make the correct diagnosis clear

Stekle Cell Anemia and Leul emia may lead to confuston because of the
aching which may occur 1n muscles and jomts, and the anerma murmurs
and cardiac enlargement which often accompany 1t The true nature of
disease 1s of course readily shown by switable examination of the blood

Brucellosis and other low grade chrome infectrons may simulate rheu
matic fever with carditis and only prolonged observation may reveal the
correct diagnosis

Hy perthyroudism without obvious thyroid enlargement or exophthalmos

sometimes 1s mistaken for rheumatic carditis because of 1ts accompanying
tachycardia forceful heart action and low grade fever Occastonally there
may even be a slurring of the heart sounds at the apex which can be ms
taken for a rumbling ditstolie murmur This sound and the other symp
toms disappear however under suitable antithyrord therapy

Pericarditis due to tuberculous mfection can usually be differenhated by
other evidence of tuberculosis Non specific penicardihis usually is diag
nosed only by excluding the tuberculous pyogeme and rheumatic types:

unless a speaific virus 15 1solated from the pericardial exudate
Postscarletinal Carditis used to be considered a distinct enhity, but
today 1t 1s accepted that 1t 1s true rheumatic carditis followmng a hemolyhie
streptococceal infection in the form of scarlet fever

In wnactwe rheumatic heart disease the commonest differential problem
15 that presented by the patient with a negative rheumatic history and with
aortic msufficiency and a rumbling drastolic murmur at the apex It 18
somefimes 1mpossible to determine whether such a patient has wactivé
rheumatic heart diseasc with aortic msufficiency and mutral stenosis o
syphilitic heart disease with aortic wsufficiency and an Austin Fhint muf
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mur at the apex In such cases 1t 1s helpful to compare the intensity of the
aortic diastolic murmur at the second night interspace and along the left
sternal border with the patient upright and recumbent In syphlitic aortic
msufficiency the murmur tends to be louder at the second nght mnterspace
with the patient upnight than at the left sternal border with the patient
flat whereas 1n rheumatic aortic msufficiency the reverse 1s true® Occa
swonally, also, congemtal lesions are difficult to differentiate from rheumatic
ones and m a patient with a vague incidental infection may even lead to
a suspicion of rheumatic carditis

Complications The principal complications of rheumatic heart disease
are (a) abnormalitres of rhythm of which auncular fibrillation 1s most mm
portant, (b) embohism (¢) bactenal endocarditis and (d) heart fallure

Especially 1n patients under forty years of age the onset of auriculer
fibrillation 1s apt to mean that a new attack of cardihis has begun but 1t
occurs frequently also in 1nactive rheumatic heart disease Early in the
course of rheumatic heart disease auncular fibrillation may be transtent
but when 1t occurs mn hearts already senously damaged it usually 1s
permanent

Embolism usually from mural thrombs 1n the left atnium can occur at
any stage of the disease but especially in long established cases It can
result 1n merely mild symptoms or 1n such serous acerdents as cerebral

bolism or saddle embolism with th of the thac arteries Among
3129 patients with rheumatic heart disease followed up to the tume of
death death was attnbuted to embolism m 2 & per cent 1© Cerebral acet
dents caused death m another 29 per cent and some of these undoubt
edly were due to cerebral embolism These figures are very incomplete
huwever for they do not include m>tanoes of nonfatal embolism

arditts may be 1 d on rheumatic valves as 1t may

on valves abnnrmal from other causes It occurred in approsimately 9
per cent of 3129 patients with rheumatic heart disease 10

Heart falure of the congestive type 1s so much a part of the disease
picture that 1t 1s scarcely thought of as a comphcation Heart failure of
the angmal type occurs also though less commonly and paroxysmal noc
turnal dyspnea 1s lly a major th tic These are
discussed elsewhere

Treatment Treatment of Cardiis It 1s essential i the treatment of
active theumatic heart disease to appreciate that one 1s dealing with an
iflammatory process and with one which results from an infection Various
symptoms require treatment but much more important are measures
directed toward helping the patient overcome the mfection and toward
combating the inflammation Happily the anfibiotics provide us today
with powerful means of overcomng the naiting hemolytic streptococcal
mfection but the problem of overcomng the rheumatic inflammatory proc
ess i the heart remains one which has not been solved To be
sure the powerful antirheumatic action of salicylates and of corticos
teroids and corticotroptn on the mflammation m the joints and on the
fever and general toxiaity of rheumatic fever 1s thoroughly established
Unfortunately however the effect of these drugs and hormones on the
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rheumatic inflammatory process in the heart 1s much less convinengly
beneficial The use of these agents and of other measures 1n the treatment
of rheumatic heart disease 1s discussed n the paragraphs which follow
Eradication of the Hemolytic Streptococcal Carrier State In any
patient with active carditis—or any other mamifestation of rheumatic fever
—an mitial aim 1s to eliminate any viable hemolytic streptococe: which the
patient may carry It has not yet been proved whether antibotics can
benefit rheumatic fever directly, but it 15 certamn that they can ehmmate
the hemolytic streptococc: which incite the disease and Leep 1t active For
this purpose penicillin 1s the drug of choice It may be given in several
ways (1) Intramuscularly in the form of benzathine pentciliin G as a
single 1njection of 1200000 umts (2) intramuscularly m the form of
procaine penteilin in ol with 2 per cent aluminum monostearate n doses
of 600,000 units every third day for three doses (3) orally m doses of
500 000 umts daly in two divided doses for a period of ten days Any one
of these methods 1s adequate to ehmnate the carner state in the great
majornity of cases
Recently Rammelkamp and Ius collaborators'? have hypothesized that
the late valvular damage of rtheumatic fever results from the persistence of
viable hemolytic streptococel 1n the cardiac tissues for prolonged periods
of time and on the theoretical assumption that these microorganisms at
that site may be more difficult to eradicate than they are i the pharynx,
have suggested that much larger doses of pemaillin should be used for 2
longer period than recommended above Unless further studies indicate the
contrary however 1t 1s probable that the dosage schedules given above
are adequate
Prevention of Recurrences of Hemolytic Streptococcal Infection Once
having ehminated any hemolvtic streptococer which may have been present
1t 15 essential to prevent ther return and for this also several methods are
available (1) Benzathine pericilin G may be given ntramuscularly 12
doses of 1,200,000 umts every four weeks (2) sulfadiazine may be admin
1stered once daily by mouth 1n doses of 05 Gm for small children and
10 Gm for children and adults weighmg 45 4 hg (100 pounds) or more
or (3) oral pemcillin may be used m doses of 250 000 umts twice daily
preferably a half hour before breakfast and supper In this connecton it
must be borne m mind that whereas sulfadiazine 1s quite effective 1
preventing hemolytic streptococcal mfections 1t 1s a bactenostatic and
not a bacterocidal agent and hence 15 not to be relied on to elmunaté
hemolytic streptococcr already present Opinion vanes as to which of the
various methods 1s preferable but all are entirely satisfactory provid
the patient can be relied upon ta take the medication every day without
farl If the latter 1s not the case the use of benzathine pemcillin G has the
great advantage that 1t can be given by the physician himself at four week
intervals with assurance of pratection dunng the mterveming peri s
whether or not the patient 15 d dable These p d will be con
sidered agamn 1n the discussion of the prevention of rheumatic fever
Antirheumatic Agents The vanous antirheumatic drugs (salicylic acd
sodwm salicylate, acetyl salicylic acid neocinchophen phenacetin amind-
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pyrine phenylbutazone etc) are powerful antipyretic and analgesic agents
which 1n adequate doses efectively reduce the fever and discomfort of a
wide variety of diseases In addition they have an ant: mflammatory action
which 15 especially marked 1n the polyarthnitis of rheumatic fever but
m contrast to the dramatic benefit to the mflammation about the
jomts opimon 1n the Umted States has been almost unanimous that the
antirtheumatic drugs are of little benefit to the inflammation of carditis
Dunng recent years however the careful evaluations which have been
made of cortisone and corticotropin have led also to reappraisal of the
salicylates as possibly useful in rheumatic carditis because 1n controlled
therapeutic tmals ™ patients recewving acetyl salicyhc acid have shown
responses simlar to those receiving the hormones Some ivestigators
including the author ! 12 have hoped since 1952 that these results meant
that all three agents might be exerting an mportant beneficial effect on
carditis  Further expenence however makes 1t probable that the reverse
explanation 1s the correct one and that none 1s very effective 14
Corticosterowds and corticotropin as noted eatlier 1n this chapter are
now considered to be merely extremely powerful anti inflammatory agents
50 far as therr beneficial effects in rheumatic fever are concerned Never
theless because of the particular interest 1n them they warrant separate
deration n this d Unfortunately the early hope that these
agents could control carditis as well as polyarthntis and pyrexia m rhen
matic fever has greatly dimmed although opimons vary as to the extent
of their usefulness Many authors!+1% have reported promising results mn
controlling the valvular damage caused by rheumatic fever Others on
the contrary found httle evidence of superionty over aspmn  Included m
the latter category 1s the echaustive and ngidly controlled cooperative
clinical tnal of ACTH, cortisone and aspinn previously referred to which
was carried out jointly by the Rheumatic Fever Working Party of the
Medical Research Council of Great Brtam and the Subcommttee of
Principal Investigators of the American Council on Rheumatic Fever and
Congenital Heart Disease Amenican Heart Assocsation 7 In this study of
497 children 1t was concluded that there was no evidence that any of
the three agents used lted f ten of the disease and
on 2ll treatments some patients developed fresh i 10ns during
treatment and ¢ at the end of one year there was no sigmficant difference
between the three treatment groups mn the status of the heart’ In that
study, cortisone had been given over a six week pentod mm doses gradually
dimimishung from 300 mg to 50 mg daly Because of the possibility that
the dasage schedule and penod of treatment were too small the study was
Tepeated on a lesser scale using predmsone 1n doses three to four times
the equivalent of those used 1n the cooperative chinical tnal for a penod
twice as Jong A control group recerved aspinn in doses sufficient to give
a blood level of 25 to 35 mg per 100 ml for an equal period of ime Only
children with chmically definite carditis mr whom treatment was started
within three weeks of onset of their first attack of rheumatic fever were
included in the study 'The results in twenty four children recerving predn:
sone and twenty three children recerving aspirin gave no support to the
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view that corticosteroids 1n large doses over g twelve week period have any
supenionty over aspinn mn terms of the incidence of residual valvular
damage at the end of one year of follow up

That there should be differences of opinion regarding the value of
corticosterords 1n rheumatic carditis 1s scarcely surpnsing in view of the
simlar differences as regards effects on such easily observed and measurable
lesions as subcutaneous nodules  Some authors have reported rather rapid
disappearance of nodules 1n patients given corticosterords and cortico
tropin whereas in the cooperative climeal trial ~ new nodules were observed
to appear and the rate of disappearance was about the same, n each of
the three treatment groups There was no completely untrested group of
patients 1 that study but previous experience indicating that salicylates
do not affect rtheumatic subcutaneous nodules 1s so well d ted that
the results of the cooperative trial leave hittle reason to expect any very
signuificant effects from the more ponerful antirheumatic agents exther

How then 1s one to cxplam the differences between the dramatic benefit
from salicylates and corticosteroids m rheumatic polyarthntis and the
questionable effects i carditis? The answer probably hes in the pre
d type of infl tion m each of those mamfestations In poly
arthritis the inflammatory reaction 1s of the acute exudative type whichis
extremely responsive to all the antirheumatic agents In carditis and m
the subcutaneous nodule on the other hand the acute exudative phase
usually 1s minor and transient and the predominant lesion 1s 2 granuloma
tous one on which those agents exert less influence Nevertheless both
corticosteroids and saheylates mav be of special value m perscarditis where
the role of acute exudative flammation 1 greater, and one may hope
that they are of some benefit 1n most patients with carditis 1f used early

The possible value of giving corticosteroids and salicylates together 15
a question of some practical importance Some nvestigators beheve that
salicylates act by stimulating the adrenals to put out more intrinste hydro
cortisone  Obviously 1f this view 1s correct there would be no pomt 1B
admimstening both corticosteroids and salicylates smultaneously The
best evidence however indicates that salicylates do not act through
adrenal cortical sttmulation, hence, there 1s logic 1n using both agents at
the same time

Plan of Treatment with Antirheumatic Agents In wiew of the many
gaps m knowledge 1t 13 not possible to make dogmatic statements as 10
treatment but on the basis of the best current information 1t 15 posstble {0
suggest the following regimen as a reasonable approach These measurés
should be started coincidentally with mtensive pemicillin therapy as out
lined earher

1 In polyarthntis without evidence of cardihis salicylate alone probably
15 preferable Ideally, doses sufficient to give a blood level of 25 to 35 M8
per 100 ml should be gven It 15 seldom necessary however, to contro!
dosage by checking the blood level and rule of thumb schedules ar
sufficient A useful formula 1s to give a total daily dose of 60 mg (1 gran)
per pound of body weight or 10 Gm (150 grans) whichever 15 less, for
the first two days 40 mg (?5 grain) per pound on the next five days and
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then 30 mg (1% grain) per pound as long as may be required These daily
amounts may be given m divided doses every four hours for the first two
days and every six hours thereafter
2 In the presence of carditis 1t 1s suggested that prednisone (or other
corticosterond 1n equivalent amounts) be given 1n addition to the salicyl
ate Doses of 10 mg of predmsone four times daily may be gven for ten
days after which the total daily dose may be reduced at the rate of 2 5 mg
daily It 1s recommended that salicylate be continued after the cessation
of corticosteroids as long as fever symptoms erythrocyte sedimentation
rate and C reactne protein (or other acute phase reactants) indicate
persistence of active carditis Furthermore hecause of the theoretical
bility that cort d therapy might enhance latent hemolytic
streptococcal infection 1t 15 suggested that pemallin be given 1n the usual
deses (as described under Prevention) but twice as often so long as the
corticostero d 13 being admimstered
Not infrequently a transient flurry of increased disease activity as
mamfested by fever and increased erythrocyte sedimentation rate some
times d by mild the so called rebound phenomenon
15 exp d as the corticosterord dosage reaches a low level or 1s stopped
This phenomenon may occur after withdrawal of salicylate also but less
often If ins ead of being merely transient the evidences of rheumatic
activity continue or increase longer than a week many authors recommend
a second or a third course of corticosteroid It must be emphasized how
ever that current data do not indicate that such a procedure prevents
ultimate cardiac damage
This discussion of corticosteronds may be closed with a brief statement
ding the und ble effects of cort d and salicylate therapy
The very real hazards of long continued large doses of corticosteroids and
corticotropin are well known However 1n the doses which have been
recommended 1t 15 unlikely that anything more disturbing than transient
moomng of the face 1s apt to occur Salicylates m the doses recom
mended may rarely give rie to nausea tinmtus or 1n young children
hyperventilation If these should occur two or more doses should be
omutted depending on seventy of symptoms after which therapy should
be resumed at a lower dosage level
Rest Physical and mental rest are of the greatest importance but may
be interfered with by pam dyspnea and anxiety Much can be accom
plished by shilled nursing care and by reassurance Cardiac pamn occurning
1 carditis often 1s helped by an tce cap apphed to the precordium butf
this 15 not adequate codeine should be given 1n doses large enough to give
relief If smaller doses are wnsufficient 003 Gm (1% gram) of codemne
sulfate can be given every three or four hours even to a child of five or «ix
years of age It 15 rare that morphine 1s needed
Dugitalis and Other Cardiac Drugs 1In the presence of aunicular fibnlla
t on or congestive heart failure digstalis 1s indicated n carditis yust as 1t 1s
1n the treatment of those disorders under any other arcumstances The
drug does not help the carditis 1tself however A satisfactory method 1s to
give an mtial dose of 4 U S P umits (04 Gm or 6 grains) and then2U S P
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units (02 Gm or 3 grams) mormng and mght until a therapeutic effect or
the earliest symptoms of digitalis toxicity appear Thereafter, 1 umt daily
will usually suffice as a maintenance dose
Mercurial diuretics may be needed also if heart falure 15 severe Ther
use and dosage are discussed on page 309
Diet There 18 no particular diet of value mn the treatment of carditis
During the acute phase the pattent 1s often too sick to care much about
food and should not be forced to eat Light foods especially in hquid form
will suffice during the first few days, by the end of which time the patient s
appetite usually demands more In the presence of edema from heart
falure flud and salt sntake should be hmted
Perwcarditis  The treitment of pencarditis deserves special comment
because of the danger of cardiac tamponade 1f the pressure from the at
cumulatmg effusion becomes too great Usually no special treatment 15
required but pericarchal paracentesis should be done 1f dyspnea becomes
severe and espectally if there 1s a sudden fall in blood pressure In adults
the anterior approach may be required but 1n children paracentesis can be
more easily done by the posterior approach
Treatment of Subacute and Chronic Carditis In general the treatment
of subacute and chronc carditis 1s the same as that of acute carditis There
are however certan features which warrant special mention If the
possibility of the hemolytic streptococcal carmer state has not already
been ehminated by appropriate treatment penicillin should be admins
tered 1n sufficient amount to do so as already described Sumlarly, prophy
lactic penscillin or sulfodiazine should then be started to prevent the return
of such infection  Sahcvlate should by all means be given although present
evidence indicates that damage already sustained will not be reversed and
there 15 hittle evidence that the lomatous ty pe of mfl tron present
duning these stages will be apprectably influenced by antirheumatic ther
apy Itis probable that any benefits that might result from corticosteroids
or corticotropin at these stages of the disease are too doubtful to warrant
their use 1n view of their potential hazards when given over long Pe“"d<
Rest remamns the most important part of treatment although the
doctnnes of early ambulation and rehabilitation have questioned the advis
ability of maintaming complete bed rest until all signs of active carditis
have subsided which has been ingisted upon in the past One should
strve for the greatest possible rest for the patient as long as evidences ©
carditis persist short of baving the patient develop an anwiety state, 2%
bearmg 1 mnd that some patients wll obtamn greater rest 1f permutted to
sit 1n a chair a few hours a day than they will fretting 1n bed Asa guide
mn helping decide when graded ambulation may be started one s
rely on certan cntersa These are (a) normal temperature pulse, 30
leukocyte count for ten consecutive days in the absence of antirheumati®
drugs (b) freedom from all mamfestations of active rheumatic fever s8¢
as jomt pans, erythema margmatum and subcutaneous nodules {e
normal atnoventncular conduction time, (d) erythrocyte sedumentatio?
rate close to normal hmits (e) a satisfactory weight curve and ) g‘w!
general conditon  When recovery has advanced to this pomnt the patien
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should be allowed an increasing amount of physical activity daily until
more or less normal hfe has been resumed

‘The smportance of domng everything possible through occupational ther
apy and the principles of rehabilitation to prevent the patient from becom
1ng too concerned about his heart must be emphasized Also the phy<ician
must consider the patient s future capacity for work School programs for
children and retraining for a more suitable occupation 1n the case of some
adults with severe cardiac damage can begin while the patient 1s still 1n bed

Diet also plays an mmportant role in treatment of subacute and chronic
carditis as part of the general supportive care of the patient A varned diet
rich 1n protemn 1s indicated and on largely empirical grounds supplements
of vitamins A and C are often advised During a long period of compara
tive mactivity 1n convalesence 1t frequently 1s necessary to hmit calonc
ntake to prevent too great a gain m weight

Supp'ementary medxcahon 15 indicated as i any other diseases for the

treatment of ind 1 p and ] Constipation resulting
from the prolonged mactmty may need attention More important 1s the
anemia which so ac low grade rl 1C

mmflammation Ferrous sullate 03 Gm (5 gramns) t1d after meals may
be given Very rarely 1f anemia 1s severe and the patient s general cond:
tion poor 1t may be he pful to give one or two small transfusions of whole
blood

Spectfic Therapy In the past various antiserums and vaccines and con
valescent serum have been tried but without success Today antibiotics
constitute specific therapy against the causative hemolytic streptococeal
wmfections

Eradication of Foct of Infection The removal of tonsils and other pos
sible foc1 of infection has been widely used although the best evidence has
indicated that once rheumatic fever has made 1ts appearance tonsillectomy
does not lessen the likelthood or <everity of cardiac damage Certainly
1 the Iight of modern knowledge pemicillin provides a far surer and safer
means of eradicating foar of hemolytic streptococcal infection although
theoretically there may still be a place in rare instances for tonsillectomy
1f deep seated hemolyhc streptococcal mfechons cannot be elminated by
very ration of

Tr of e Heart Disease As has already been
said patients with rheumatic heart disease 1n the inactive stage may have
no symptoms at all or varymg degrees of dimimshed cardiac reserve up to
frank failure at rest Those wmithout symptoms require no treatment even
in spite of obvious physical signs of valvular damage They should return
to the physician for peniodic examinations however every six to twelve
months and every possible measure should be taken to help them avoid
remnfection with hemolytic streptococar (see under Prevention page 166) If
there 15 no diminution of cardiac reserve physical activity should not be
Lmted with the exception of the heaviest labor and the most strenuous
sports Particular care must be taken 1n the case of introspective patients
at the penodic examinations to prevent the development of anxiety states
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On the appearance of signs of congestnve heart failure or gross arrhyth
mias treatment 1s like that of heart failure or symlar arrhythmas from
any other cause (¢ v) In addition, the patient must be closely observed
for evidence that a new attack of carditis has occurred and 1n the event
that it has, treatment 1s that of carditis

Prevention The all important aim 1n the prophylaxss of rheumatic fever
15 the prevention or prompt eradication of the hemolytic streptococeal
1nfections which are the tatmy, factor of the disease Rheumatic patients
must be made to understand the serious simficance of these mnfections to
them and on the positne side the protection given by faithful adherence
to the prophylactic regimen There are two important parts to this
regimen (1) The prevention of hemolytic streptococcal infections and
(2) the rapid ebmination of such an mnfection if 1t should occur

Prevention of Hemolyte Streptococcal Infecions This has already
been outlmed 1n the discussion of treatment As noted there pemcillin
or sulfadiazine daily by mouth or long acting depot pentcillin (benzathine
perciin G) mtramuscularly every four weeks 1s effectine The essential
factor n determmation of which of the two methods to employ 1 the
dependability of the patient for with the methods based on oral adminis
tration protection can be lost 1f the medication 1s missed for a fes days

The length of time the preventive should be continued 15 the
subject of some debate Statiwtical analyses indicate that the longer 8
patient goes without a new attack the less likely he 15 to have one b3
15 true also that attacks are apt to be less common and less serious aftes
the age of twenty For these reasons some authors have suggested that
prophylaxs need be continued only for five years or up to the age of
eighteen or twenty However the appearance of new attachs following
cessation of prophylaxis i patients who have been successfully proiected
for years has occurred so frequently that 1t 1s no longer Justifiable to
follow such a schedule and the only safe plan 1s to cophnue prophylaxis
more or less indefimtely until such time as new knowledge may permtt 2
more defimtive answer to this question

Rapid Elimination of H ly Strep t Infect More 1€
cently'” 1t has been shown that intensive therapy with pemcithn sufficient
to eliminate the carner state can effectivelv prevent rheumatic attachs
following a hemolytic streptococeal mfection provided treatment 18 star!
within a few days Indeed such measures are worthwhile even up to ten
days after the onset of nfection -® The methods of admnstertng the
perucillin are outlined under the discussion of eradication of the hemo
Iy tic streptococcal carner state (see page 160)

In spite of the effectiveness of this means of preventing rheumatic fever
1t cannot be reled on alone because of the frequency with which hemols t¢
streptococeal infections can occur 1n rheumatic subjects without the Lnow’
edge of the patient It must be emphastzed therefore that chief rehance
must be placed on continuous prophylaxis throughout the year, and the
this additional safeguard be thought of as a second lme of defense to bt
employed 1f, 1 spite of contnuous prophylaxs or due to a breah m !

2 hemoly tic streptococcal mnfection should oceur




RHEUMATIC HEART DISEASE 166A

Other Preventive Measures In the past vanous other measures such
as tonsillectomy, climatotherapy and vaccines have been attempted Ton
sillectomy and removal to warm dry chimates have some value but prob
ably only through lessening the hhelihood of hemolytic streptococcal

fect Now lin and sulfad provide much surer protection
and therefore these other measures 1re of chefly historical mterest

It 15 theoretically possible that effective protection by means of vaccines
against hemolytic streptococe: can be afforded and efforts are being made
to prepare suitable antigens As yet no effective vaccine 1s available

Finally the value of good general hygienic conditions mn the prevention
of rheumatic fever must be mentioned The relative infrequency of rheu
matic fever among the well to do compared with its mcidence among the
mdigent points to the role that poor housing overcrowding and malnutr
tion play 1n this disease Hence slum clearance projects and similar socio
logical advances can be expected to do much to reduce the attach rate of
this senious disease

Prognasis The prognosis of rheumatic heart disease must be constdered
separately for the immediate attach and the ultimate outcome

The Immediote Attack Fortunately mortality in rheumatic heart dis
ease 15 low for the first attack and has been varously reported as from 1
to 4 per cent 4 In the past a hyperpyrexic type of rheumatic fever was
described as an important cause of death but this type 1s now rare and
death when 1t occurs 1s due prumanly to carditis In general subcutane
ous nodules and perncarditis indicate a serious type of disease On the
other hand this 1s not mvanably so for occasional patients with these
mamfestations recover wmithout any restdual signs of cardiac damage *

Ultimate Outcome It 1s because of the tendency for a patient who has
once had rheumatic fever to have repeated attacks that the ultimate
prognosis has been 50 poor 1n the past Fortunately many patients with
rtheumatic fever recover completely Thus among 683 children with rheu
matic fever 30 per cent erther showed no evidence of cardiac disease at any
time or developed signs which subsequently disappeared °* On the other
hand the prognosis 1s less favorable once rheumatic heart disease has
become estabhshed In a group of 3129 patients with rheumabic heart
disease observed until death the mean duration of disease was thirteen
years and 50 per cent died within nine years of the onset Twenty five per
cent however lived more than seventeen years and 10 per cent more than
thirty years 1

The reason why some patients suffer serious and repeated attacks of
rheumatic fever while others escape with Little or no damage 1s hidden

the same obscurity which surrounds the pathogenesis of the disease in
general Certain factors warrant bref discussion

Age The age at onset of rheumatic fever has been shown to be mmpor

tant for the disease tends to lead to more senous cardiac damage 1
children than adults -

Sex There 1s no ble diff m bfe t ): the

two sexes
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Type of Manyfestatian It has already heen noted that subcutaneous
nodules and pericarditis presage a serious type of disease Chorea on the
other hand, 1s least apt to be assoctated with serious carditis?” In a
group of children followed six years or more, the ncidence of permanent
cardiac damage was 18 6 per cent in those with chorea compared with
72 per cent among children with other mamfestations of rheumatic fever

Auricular Fibrillation  This arthythmia 1s of serious significance m 1ts
permanent, although not m its paroxysmal, form 1t has been claimed that
34 per cent of rheumatic cardiac patients die within one year of the onset
of permanent auricular fibnilation and 75 per cent within three years
Some patients, however live many years

Severity and Frequency of Attacls As would be expected, hie expect
ancy 1s shorter for patients with severe and repeated attacks of carditis
On the other hand 1t must be realized that severe cardiac damage can
oceur 1 patients whose symptoms are so muld that tl ey scarcely realize
they are sick until the heart disease 15 far advanced

Happily one may close a discussion of rheumatic heart disease on an
optimistic note for the modern measures to prevent attacks in subjects
of known susceptibiity bid fair to change the figures on ultimate prog
nosis gven above Since the outcome of the first attack of rheumate
fever usually 15 not sertous the present means of preventing future attacks
have entirely changed the previous serious prognosts One may conclude
with considerable confidence that if modern preventive measures are farth
fully adhered to the life expectancy of the great majority of rheumatic
cardiac patients who have not already suffered severe heart damage should
be close to normal
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Bacterial Endocardatis

Prior to 1944, of the patients who grew up with congemtal heart defects
or with valves scarred by rheumatic fever nearly one out of four died with
bacterial endocarditis Under this term are included a variety of chimeal
mamfestations and nearly a score of etiological entities which have as a
common feature thrombotic vegetations and ulcerations of the endocar
dium and valves of the heart In addition to such clinical cases there were
many lesions demonstrable at autopsy which were of no chmecal ymportance
for the bactenal invasion of the heart was merely a terminal event either
an acute end ditr heating overwhelming sepsts and pyema or a
subacute lesion developing n the final phase of a wasting disease such as
cancer uremua or tuberculosis Cases i1 which the endocardial lesions

the climcal H are ped 1nto acute or subacute
forms, the former causing a severe febrile 1llness measured only in days or a
few weeks the latter smouldening on for months and perhaps afebrile for
much of the time These subdivisions are arbitrary and the course of sub
acute cases may be cut short by embolic accidents or congestive heart
failure

Historical Note The history of endocardial vegetations goes back to the
days of the early anatomists when even postmortem clots were thought of
as mteresting polyps The relation of rh fever to end dral
damage was clear to Enghsh and French climician dissectors by the dawn
of the mineteenth century and bacterial endocarditis was recognized 1n the
first years of the era of bacteriology By 1900 all of the commoner forms
and their complications were well known to pathologists and internists
although as with infarct of the myocardium the diagnosis was not often
made in climcal circles espectally in the milder and subacute forms Schott
muller and Libman were largely responsible for emphasizing and making
clear the nature of subacute bactenal endocarditis and Lohlein and Baehr
for the high d and spectfic character of the accom
panying glomerulonephntis Libman also brought to attention cases of
febnle subacute endocarditis which are bactena free throughout their
course While the study of therapy has been continually and energetically
pursued both in the chinic and 1n the experimental ammal until 1944 1t
had not produced a satisfactory t for a disease which now 1s
correctly recognized 1n more than 80 per cent of our hosprtal cases by the
student chnical clerk who first takes the history and examunes the patient
Since 1944 the mortality has been reduced from nearly 100 per cent to
less than 15 per cent thanks to pemalhn and streptomyein

167
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Enology About twenty varieties of microbes have been 1solated from
lesions of the endocardium  Streptococc: of many tvpes predominate, other
cocas of all sorts are not nfrequent, while the bacilli range from ubercle
and influenza to diphtheroids wvirulent diphthema organisms, macella,
Eberthella Sal lla, Klebsiella Pseud and others Wirh most
of the rare types, implantation on the heart valces or the endocardium of
the walls 1s merely an unusual compheation of the 1llness usually caused
by the specific bacterrum A case of pneumoma 15 compheated by or fol
lowed by pneumnococcus endocarditis or a gonorrheal urethntis 1s followed
by gonococcal lesions on the heart valves, and the new disease thus estab
lished overshadows that from which 1t developed In a few cases due to
nearly all these organisms and 1n most of those due to the nonhemoly e
streptococa no febrile illness precedes the mamfestations of bactertal
endocarditis, which seems to strihe ‘out of the blue”

The nfections with gor and yecus rarely run a slow
subacute course, those due to b Iy tic strept and the nfl
bacillus only occastonally are acute but 1t 1s incorrect to consider subacute
or slow endocarditts as synony mous with Streptococcus vindans endocardt
tis The sharp lines drawn on the basis of etiology cut across the vague
and arbitrary borders of acute or subacute types of disease Various types
of the Streptococcus vindans (that 15 aerobic streptococct which cause
mimmal hemolysis but some change m color of hemoglobmn, alpha type
streptococeus) dominate the bacterology of thus disease because they occut
m two thirds of the chimcal cases and because they were present 1 most
untreated cases n blood cultures taken over months Per week of clnt
endocarditis the nonhemolytic streptococcus 1s probably ten times as fre-
quent as any other orgamsm or even all others together Qccastonally non
hemolytic (gamma type) streptococu which cause no discoloration of
hemoglobm and may be anaerches are the mfecting agent These are €00
sidered as enterogenous infections since such orgamisms are normally
present 1n the bowel

Acute lesions due to pyogemc coect affect less than 3 per cent of
patients whose hearts or great vessels are the seat of congemtal or rheu

matic disease  On the other hand, such lesions cause the domuant chmeat
features of the final tllness of 02 to 04 per cent of patients comins {0
autopsy without congerutal or rheumatic heart disease and n such cases
the right sde of the heart 1s not imfrequently mvolved Thus acute bac
tersal endocarditss 1s chnically most often seen 1n patients who have had
no previous heart disease, 1t 15 favored by fibrotic lestons but wirulent
orgamsms are by no means dependent on such chronic disorders for the
opportumty to mnvade the heart

Quite different 1s the situation with regard to the subacute case mo ¢
of which mnvolve the left side of the heart and are due to nonhermolyte
streptococct  About one third of the cases of congenital heart diseae sur
viving mto childhood ! and one fifth of the cases of chronic rheumati®
valvular disease will have this complication eventually Chronic Jesions o7
which the subacute bactenal disease 1s engrafted are grossly demonstrable
i four out of five cases, and careful hustologic study praves that fur
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aortic cusps or ummposing rheumatic scars are present in most of the
others Those with normal valves are more likely to have acute than
streptococcal endocardiis Thus 1n subacute lesions the soil 13 the most
1mportant consideration etmlcgmally and the orgamsms which flounish mn
this altered tissue are the str which are Iy present in the
mouth and gut They probably enter the blood stream of normal people
ted with such fi ts as colds acute gastro
ententxs tooth extractions tonsillectornies 2 pelvic infections 1n both sexes
and even with no chimcal symptoms of any sort The toothbrush probably
tches these or mto the g ] vemns and lymphatics and not
all of them are disposed of before reaching the left venirnicle In acute endo-
carditis, the virulence of the orgamsms and the effects of their toxns in
injuning the endocardium are more important than the sod which may
or may not have been prepared by previous disease
While infected emboli lodging n the vessels which are present 1 scarred
valves or beneath the endocardium are a potential cause for these lesions
1t seems cerfam that the valvular lesions at least are due to lodgement of
bactenia mn the minute platelet thromb: which occur along the lnes of
closure of the valves or at places where defects cause unusual stream or
soft tissue friction Such bland thromb: are most frequently found on
valves altered by sclerotic or fibrotic lesions and where there are such con
gerutal defects as fused aortic cusps patent interventnicular septa or a
ductus arteriosus  Similar vegetations may occur mn arteriosenous fistulae
These bland thrombi are more hkely to form when the endocardum 1s
wjured by nutnitional defects toxemia or wasting disease Such thrombs
are usually only of microscopic dimensions, but they may form fine
vegetations and such small stenle warty lesions are far more common 1n
wasting cdiseases than terminal subacute bactenal end ditis The sites
where these stenle and mnute thromb: form are also the favored sites for
bactenal endocarditis
Once the latter disease 15 established the blood stream constantly con
tamns organisms and small thrombi and if valves were normally vasculanzed
ntravalvular embolh would soon set up progressive lesions of all four
valves As a matter of fact the disease 1s usually found on all scarred
valves 1n the old rheumatic cases and only on one if the others are free of
fibrotic change  Kissing lesions at pomts where two leaflets touch and
spread along lines of closure are find but evid for em
bolic nvasion of valves 1s absent even when embolic lesions are numerous
i shin viscera, the bramn and as mycotic aneurysms 1 the walls of ar
terres Whle the lesions are occasionally confined to the walls of the
heart (panetal as contrasted with valvular endocarditis) 1t 1s remarhable
that the large mural thromb: which follow my ocardial mfarets rarely become
infected Cases m which syphilitic lesions have prepared the soil for bac
tenal endocarditis are also uncommon ! In elderly patients ulcerated
sclerotic lesions occastonally become the seat of bactenal endocarditis but
many of the cases are not chmeally sigmficant bemng termumnal infections of
Patients severely ill from other causes
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Ehology About twenty varieties of microbes have been solated from
lesions of the endocardium  Streptococer of many types predommate other
cocar of all sorts are not infrequent while the bacilh range from tubercle
and nfluenza, to diphtheroids, virulent diphthena orgamsms, siacella,
Eberthella Salmonella Klebstella, Pseudomonas, and others Witk most
of the rare types, implantation on the heart valves or the endocardium of
the walls 15 merely an unusual complication of the illness usually caused
by the speaific bacterum A case of pneumoma 1s complicated by or fol
lowed by pneumococcus endacarditis or a gonorrheal urethntss 15 follon ed
by gonococcal lesions on the heart valves, and the new disease thus estab
lished overshadows that from which 1t developed In a few cases due to
nearly all these organisms, and 1n most of those due to the nonhemolytic

streptococes, no febrile illness des the fostations of bactenal
endocarditis which seems to strike ‘ out of the blue’
The nfections with and rarely run a slov

subacute course those due to nonhemoly tic streptococcr and the nfluenza
bacillus only occasionally are acute, but 1t 1s mncorrect to consider subacute
or slow endocarditis as synony mous with Streptococcus vindans endocard:
t1s The sharp lines drawn on the basis of etiology cut across the vague
and arbitrary borders of acute or subacute types of discase Various types
of the Streptococcus vindans (that 1s, aerobic streptococcl which cause
mimmal hemolysis, but some change i color of hemoglobm alpha type
streptococcus) dominate the bacteriology of this disease because they occut
mn two thirds of the chinieal cases, and because they were present m most
untreated cases m blood cultures taken over months Per weeh of chmeal

docarditis the nonhemolytic strept 15 probably ten tumes as fre
quent as any other organism or even all others together Occasionally, non
hemolytic (gamma type) streptococcs which cause no discoloration of
hemoglobrn and may be anaerobes are the infecting agent These are con
sidered as enterogenous mnfections since such orgamsms are normally
present 1n the bowel

Acute lesions due to pyogeme coca affect less than 3 per cent of
patients whose hearts or great vessels are the seat of congenital or rhet
matic disease On the other hand such lesions cause the dornnant chaeal
features of the final iliness of 02 to 04 per cent of patients coming to
autopsy without congental or theumatic heart disease, and 1 such cases
the night mde of the heart 1s not infrequently involved Thus, acufe bac
terial endocarditts 1s chmically most often seen 1 patients who have had
no previous heart disease, 1t 1s favored by fibrotic lestons but wyrulent
organisms are by no means dependent on such chrome disorders for the
opportunity to invade the heart

Quute different 15 the situation with regard to the subacute cases most
of which involve the left side of the heart and are due to nonhemolyii®
streptococcs  About one third of the cases of congemtal heart disease sur
viving mto chldhood ! and one fifth of the cases of chronic rheumati®
valvular disease will have this complication eventually Chromec lesions: on
which the subacute bactenial disease 15 engrafted, are grossly demonstrable
n four out of five cases, and careful histologic study proves that fuse
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coccal endocarditis They had many orgamisms in the vegetations demon
strable by culture as well as on direct examnation after death These
organisms were often close to the surface or on the surface of the vegeta
tions and not simply buried in 1ts depths Therr failure to grow from the
blood merely shows what high bactenostatic properties the blood possessed,
and how ineflective this was 1n arresting the disease or acting on organisms
m the thromb1  Nevertheless a few untreated patients with acute and sub
acute endocarditis occasionally became free of bacteria and completely
healed scars were found at autopsy, often with no history of an illness
ble as bactenal end: t1

Chinieally ble cases occur from childhood to semility,
but there 1s a sharp peak 1n mcidence between puberty and the early for
ties In older people the anatomical 1incidence 1s still ngh mnto the sixties
but many of these ether are terminal lestons 1n other fatal illnesses or are
of brief clrmcal duration, d ted by embohe pt which ecan
scarcely be dist hed from the 1 4 due to d e
disease Bactenal endocarditts singles out the well compensated cases of
healed rheumatic heart disease, and the functionally unimportant con
genital lesions  'When patients with heart disease decompensate they often
have marked malnutntion and obvious damage to the resprratory and
digestive tracts Yet such patients even when n miserable physical condl
tion retain a remarkable resistance to bacterial invasion of the heart kven
1n cases of auricular fibrillation without congestive failure bacterial endo
carditis 18 uncommon ! probably because of the lessened trauma to the
mitral valves when with the abolish of presystol lar contrac
tion the closure of the mitral valve takes place more gently and the loud
snapping first sound becomes much softer Severe congestive failure m
cases of endocarditis may be precipitated by bactenal destructron of valve
leaflets without arresting the progress of the endocardial infection but
congestive failure plays some role 1n preventing bacterial endocardrtts even
though powetless to arrest 1ts progress

While there are some who believe this disease 1s more frequent than
formerly a comparison of Harbitz s report (Norway 1886 96 1700 autop
sies) wrth that of Qphuls (Califorma 1900 1923 3000 autopsies) and with
our own records for Califorma (1934 38 2300 autopsies) indicates no
stnikmg change 1n relation to total autopsies or to chrome rheumatic heart
lestons over a pertod of fifty years and from 36 to 60 north latitude
Chimecal recogmtion 1s more frequent and each case 1s probably seen by a
larger number of physicians than 1n the early decades of the hustory of the
disease Marked vanations in annual 1ncidence may have occurred 1 some
localities as suggested by Musser 12

Recogmton Few diseases assume so varled a clinieal course or conceal
their true nature more completely behind some sequel appeanng to be an
unrelated dwsorder Yet the untreated disease followed thls pattern A
young or middle aged person dually notices a lination
for food, work and play and may be aware of fever irregular or occurring
it the afternoon He (or she <ince the dicease 1s almost as frequent
women) may be unaware of any heart lesion or may have almost forgotten
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the diagnosis made on some prior occasion, at any rate, cardiac symptoms
do not obtrude on his consciousness Tenderness or clubbing of finger tips,
or petechial lesions may be noted by the patient He may finally take to
bed on his physician s orders rather than because he feels quite unable to
beup Thus begins a steady failure not unlike that of phthisis or neoplas
tic disease, but complicated toward the end by embolic accidents—palsies
abdominal pam, acute bowel obstruction, pam and loss of function in arm
or leg There 1s usually anemta a normal or moderately elevated white
blood count, rapid sedimentation of blood, shight proteinuna, rarely pur
pura due fo thrombocytopema
The distinctive features which suggest the diagnoss ate the ausculta
tory abnormalities 1n the heart a shght splemic enlargement, clubbed fin
gers petechiae and red cell casts or an abnormally Jarge number of red
cells m the urme The latter may be demonstrable only when fimed urine
specimens are examuned under constant conditions, and the auscultatory
findings may not be very strihing—merely a systolic murmur hat
harsher than 1s to be expected of a functional murmur due to fever If
there are defimte diastolic murmurs or a basal systolic thnll the eustence
of an organic leston and 1ts probable relation to the febrile illness are at
once apparent
In some cases where only an apical systolic murmur 1s first evident, one
must have the patient he supme and a little on the left side while histening
at the apex and about the apical region, in order to hear o diastolic or pre
systolic murmur Orit may be revealed when the pulse 1s slowed by pressuré
on the carotid bulb The murmur of mitral stenoss, especially :n this group of
patients often 1s difficult to detect but repeated search under various con
ditions serves to prove that some of the harsh systolic murmurs or very
sharp loud first sounds have a diastolic element associated with them
Repeated search for conjunctival and buccal petechiae as well as for those
on the skin and the observation of clubbing of the fingers must also be
stressed 1n the physical examnation
Normal heart size and normal roentgen contours do not rule out bacte:
nal endocarditss but shight cardiac enlargement and abnormal contous
like a harsh systolic murmur may t or confirm the ciagnoss of
orgamic heart disease on which bacterial mfection might be supenmp‘ﬁea
The constant search for petechiae the repeated and pamstakmg examng
tion of unne for red cells, and of the abdomen for splenomegaly are of
particular smportance when the blood cultures are negatwe as s tru¢ i
about one of exght cases carefully studied over long pertods of time and I?
a larger proportion of cases when casual use of antibiotics has preceded the
blood cultures When the cultures are negative embolic phenomend
petechiae, glomerulonephnitis and spl Iy in various combmattons
sooner or Jater serve to confirm the dignosis suggested by fever a8
auscultatory abnormahty
While these classical cases, with or without positive culture are usually
suspected on first examination and proved within a few days the others my
for weeks escape detection even by the expenenced diagnosticran and the
patients die before the condstion 1s recognized Some of the pitfalls are best
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emphasized by contrasting cases of bactenial endocarditis with other types
of disease with which they may be confused The following cases were
seen before the era of pemeilhin, and show the natural course of the disease

Serere Gonococcal Arthritis Bacterial Endocarditis Erroneous Diagnosis
of Coronary Thrombosts A widow of fifty two developed polyarthniis with
fever at tumes After several months she suddenly had substernal distress
and congestive heart failure with pulmonary edema and hepatic tenderness
The heart sounds were muffled and the rate about 150 when she was brought
to the hospital no definite murmur was recogmuzed She died within three
days of the cardiac accident and at autopsy was found to have a mld
endocervicitis and gonococcal endocarditis with destruction of one entire
aortic leaflet

Comment A genteel socal position and the relatively bemgn course of
the polyarthntis clouded the of the
stormy onset of cardiac symptoms suggested myocardxal infarction 1n
severe heart fallure with rapid rate and gallop sounds the diagnosis of
valve lesions 15 particularly difficult

Pneumococcal Endocarditis Mistaken for Empyema A man of fifty six
had a severe and ) d bout of ly
although rather extensive in the right upper and xmddle lobes The tempera
ture never fell o normal but began to fluctuate in the second week after a
few days m which 1t rose only t0 375 C (996 F) The roentgen exammation
still showed haziness on the tlght and though there were no defimte physical
signs  th was dly d A systohc murmur heard
throughout his illness became more harsh the heart shadow larger Blood
culture positive for pneumococcus was obtamed on the day of death the
mutral valve was the seat of many caulifiower like vegetations and many
chordae tendinae were broken

These examples taken from cases of rapidly progressive endocardrtis due
to other than Str virrdans il certain t)
difficulties The following case due to Streptococcus vindans shows that
rapid progress or acute endocarditis may be due to that orgamsm as well
as to those usually considered far more virulent

Onset of Endocarditis Simulating Typhoid Fever A man of thirty two was
on his vacation m the country and at the end of three weeks began to have
headache anorexia and prostration Fever was noted on two evenings and
he returned to lus home city entered a hospital He was apathetic had a
fever which ran between 39 and 398 C (102 to 1035 F) but a pulse
rate of 100 There was a rather harsh systolic murmur 1 the pulmonic area
which the patient knew had been noted many years before The white count
was 6800 blood culture and Widal negative The spleen was palpable two
days later but on the fifth day a second culture yielded many colonies of
Streptococeus vindans The patient was taken to hus home died 1n less than
a month of the onset of symptoms There was no autopsy The dragnosis was
patent ductus arteriosus bactenal endocarditrs

In this case toxemia was more marhed and the cllmcal durahon shorter
than in many cases of ar Today,
such a case would be treated by Ligation of the ductus and with pemaillin

Undizgnosed Endocarditis Hemiplegia In a girl aged eighteen latent
glomerulonephritis with slowly rsing blood pressure was followed for three
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years at twenty one the pressure was 140/100 blood urea 50 The patient
had a tooth extracted and next day had nausea headache blurred vision
She felt achy and ate poorly three weeks after the extraction she sudderiv
developed left hemiplegia On eniry two davs later there was a spastic
paralysis a loud systolic aprcal murmur scattered retinal hemorrhages blood
pressure 140/80 temperature 398° C (1035 F) There was a leuhocytosss
of 42000 secondary anemia with hemoglobin 55 per cent (Sahh) Blood
urea 70 mg per cent She died four weeks after the tooth extraction pre-
sumably of a cerebrovascular acaident On the nutral valve there were two
small vegetattons with one ulccration through the leaflet and there were
infarcts m bram spleen and kidney Smears of the vegetations showed
streptococet m short chains

Undiagnosed Endocarditis Uremia  Mistaken Diagnosis of Gastric Car
cwnoma or Visceral Purpura A printer forty four years old had had rheumatic
fever at seventeen and later had been refused insurance because of heart
trouble He came to the surgeons because of hemorrhoids but he also was
very thin and had bleeding gums as well as classical signs of mutral stenosis
However the hemorrhoids were excised on March 11th and he was scen every
few weeks to June 6th because of rectal discomfort On July 20th a friend
arranged to have him enter the hospital and then 1t was learned he had
begun to have mud cprgastric pain one hour after meals soon after the hemor
rhoidectomy  For a month he had been vomiting once or more daly ihe
vomutus was sometimes blood streaked He was very weak at times dis
oriented The temperature durmng the six days between entry and death
varted between 358 and 37 C (966 and 986 F) the pulse was 70 to
80 on entry nsing to 140 on the day of hus death His blood pressure, which
was 160/90 at the tume of his entry 1 March was now only 110/70 There
were many bruises purpuric spots and petechiae on the skin purpuric spob
on conunctinae and in the mouth bleeding gums a red count of only
28 M hemoglobin 43 per cent white count 13000 platelets 60000 Sev
eral examuners at this time could detect only a systolic apreal musrmur
and discounted the surgeons diagnosis of mitral stenosis The hver end
spleen were palpable the hver tender and the urine contamed much protein
many red cells and white cells By xray a 40 per cent six hour gastriC
residue and some irregulanty of the first part of the duodenum were noted
The heart was not enlarged the left aurnicle a httle promunent Transfusions
failed to help and he was comatose for a dav before his death The blood
urea reported after death was 480 mg per cent At autopsy there was @
healed and caleified rheumatic mutral endocardiis with very little stenosis
v 4 on one leaflet embolm of the Jeft coro
mary artery with a myocardial infarct severe diffuse acute glomerulonephrhs

It 1s possible that in some of these cases correct diagnosis would not
have altered the outcome although 1t would mn one case have prevented
repeated thoracentesis n another wearisome gastromntestinal x ray stuches
and hematological investigations for purpura

Among the conditions with which bacterial endocarditis 1s Iikely o be
confused are Hodghins disease, bone abscess undulant fever pyelift
cardac or pulmonary infarction, meningococcemia and many others
Rheumatic cardibis and disseminated lupus erythematosus are the t%°
conditions most often confused with subacute bactenal endocarditis The
latter may be complicated by urerma by a cardiac infarct or cerebral 8¢¢t
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dent which overshadows the real cause of trouble 1t may run an afebnle
course with anemia and hepatosplenomegaly simulating carrhosis or
lymphoma Posntne blead cultures may lead to an mcorrect diagnosis
of bactenal end t1s 1n cases of hlebitis sinus
thromt fected arter fistula sup ‘arthntis and even
pyehtis or pelvic vern infections

Less common than failure to recogmze an endocardial infection 1s an
erroneous diagnosis of bactenal endocarditis when the septic focus 15 not
1n the heart but the latter error 1s extremely serious since 1t prevents the
use of therapy which might successfully combat the actual cause of the
fever and bacteremia It 18 not enough to be on the lookout for bactenal
endocarditis and take blood cultures in all patients having fever not clearly
due to some other disease only a pamstaking history and physical exarm
nation with indicated laboratory studies will bring to hight the other
causes of bacteremia 1n which antibiotic therapy may fail if a suppurative
focus 18 not attacked directly And such a study and careful analysis of
evidence are necessary to confirm the diagnosis of endocarditis in the
bactena free stage Patients with bactena free endocardits 1if untreated
face the same unhappy outcome as those with constantly positive cul
tures 37 and the endocarditts may be arrested by therapy

{ Lupus Eryth 1on of lupus d

has been made more precise by discovery of the phenomenon of nucleo
protein engorged leuhocytes (LE cells) in bone marrow and in prepara
tions of shed blood The Snapper nng preparation and other technics
have greatly increased the sensitivity and dependabihity of this method of
laboratory dragnosis The butterfly lesion of the face formerly an mmpor
tant clue to the diagnosis of lupus erythematosus 1s now known to be
transient or entirely missing 1n patienis having the clasaical renal glomeru
lar lesion polyserositts and the curious endocardial vegetations on the
ventricular rather than the atrial stde of the mutral leaflets These lesions
with peculiar artentis myocarditis and necroses in lymph nodes are found
in vanious combinations 1n disseminated lupus

Such patients are treated as cardiac patients because of pericardrtis or
as patients having renal disease hecause they have marked proteinuria
hematuna and cylindruria with nsmg blood urea levels Most often how
ever ther affection simulates rheumatoid or rheumatic fever with joint
pams and swellings Leuhopenia 1s a very common finding and systolic
murmurs at the apex penicardial rubs and myocardal fatlure are not un
common The disease has spontaneous remissions and exacerbations shin
lesions and fever may flare up after exposure to the sun and subside on
treatment with salicylate Occasionally even the most sensitive LE
preparations give negative respanse in the early phases of a disease the
reaction becoming positive after weeks or many months False positive
serologic reactions for syphilis may precede appearance of LE positivity
The disease 15 controlled by adequite prednisone or cortisone therapy and
usually flares up as the dose 15 decreased or cut Some patients however
have experienced long remissions after two to four years of control by
corticoad compounds remaining 1n good health with no therapy Since the
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disease 1s uninfluenced by antibiotic therapy, it 1s of great importance to
lude the possibility of d ted lupus erythematosus when studying
patrents suspected of having subacute bacteral endocarditis
Rheumatoid Arthritis with Valvular Disease or Aortifls In rheumatord
arthntis, and especially n the patients with spondyhtis (Mare Strumpell
disease), either aorhitis with aortic msuffictency, or actual valvuhtis Jeading
to aortic or mitral murmurs occurs not infrequently Usually these patients
are chromcally 1ll and sometunes afebrile when cardiac features appear
but occasionally fever vague joint pans, leuhocytosis, raprd sedimentation
rate, and cardiac signs have led to the suspicion of bactenal endocarditis
and even to treatment mn the absence of positive blood cultures Films of
the spine may reveal no abnormality even when backache 1s severe, the
earliest roentgen evidence 1s found m the sacrotiac synchondrosis which
becomes altered and even anhylosed before the vertebral bodies show
roentgen changes In this disorder also corticord therapy controls the
clcal features and must be sustained for months or years
Rheumatic Fever Although acute rheumatic fever may occur in patients
with active bactenal endocardrtis and acute pyogemc mvasion of valves
during acute rheumatic carditis, these are extremely rare combinations and
the usual problem 1s to distinguish achive rheumatc fever from subacute
bactenal endocarditis In active rheumatic fever the antistreptolysin titer
15 high and reactions to skin tests with streptococcal antigens are positive
m bacterial endocardiits reactions to these tests are usually negative ®
Spleens are rarely palpable 1n acute rheumatic fever frequently m sub
acute endocarditis The temperature charts leukocytosis sedimentaton
rates, C reactive proteins and responses to salicylate or corticords may be
the same 1 both diseases and m both there may be anema cardiac mur
murs and roentgen changes and latent heart failure may occur e
electrocardtogram may show abnormality m hoth diseases, but A V heart
block 1s not unusual 1 rheumatic carditis and 1s seen m bactenal endo
carditis only when aortic inflammation extends mto the septum Embolic
phenomena are very rare m rheumatic carditss, but purpune lesions can
occur and be mistaken for embohic lestons of mucous membranes Cleas cut
embolic phenomena or hemorrhagte Bright s disease usually mean that the
condition 15 not rheumatic fever and restrict the diagnostic possibihities to
bacterial endocarditis and penartentis In the latter, eonophilia may
occur this 1s very rare m bactenal endocarditis
Types of Endocarditis In acute bactenal endocarditis high fever and
leukocytosts multiple hemorrhagic lestons of nail beds skin and mucovs
membranes are frequent and sudden change in murmurs with onset of
heart failure follows ulcerative destruction of leaflets The mitral cultur®
15 usvally positive for pyogenic orgamsms, and since delay m treatment
15 fatal, intensive pemcillin treatment hy vein 1s started after blood for
two separate cultures has been drawn In the subacute disease clabbe!
fingers tender spots on fingers and palpable spleen may appear as well 83
petechiae on skm or b but repeated complete examma
tions are essential 1n order to detect these transient lesions While 1
cases are due to streptococer cultures may reveal such orgamsms as Hem®”
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philus influenzae coagulase negative staphylococar or coliform orgamsms

The type of endocarditis seen by a physician depends on what sort of
patients he has in his wards In private practice the alpha streptococcal
wnfections exceed the usually quoted figure of 85 per cent in mumeipal
wards one sees more than 15 per cent of acute staphylococcal and other
pyogenic mvaders Among narcotic addicts using intravenous injections
mvolvement of the nght side of the heart and unusual orgamsms of low
virulence cause special problems 1n diagnosis and management

Treatment of Pahents with Posihive Blood Cultures Penicillin 1n the
dosage oniginally tested under Federal auspices—200 000 umts daily for
fifteen days—cured almost half of the patients having alpha streptococcal
nfections but courses of ten to fourteen days now are hmited to those
with organisms sensitive to less than 0 5 umit per ml The recommended
coursel® 15 600 000 umts each s1x hours with 1 gm streptomyein or dihydro
streptomycin each twelve hours for five days 1 gm each day thereafter
Relapse rates 1 patients on this regimen barely exceed 5 per cent but
many physicians prefer three to four weeh courses even for these The
adjuvant action of streptomycin helpful 1n such cases 1s essential with
mare resistant strains and especially with enteracacc: the heat resistant
Lancefield D stramns

‘When resistance of streptococa to penicillin 1s 1n the range of 5 to 40
units perml the courses are lengthened to six weeks usually from the time
fever drops under therapy and the pemecillin dose best given by continuous
intravenous mifusion 1s 20 mulhion umts daily Dosage up to 100 million
umts daly has been effectively given m cases with high resistance 1f 05
gm probenecid 15 given every six hours by mouth blood levels are about
doubled and dosage can be halved Two grams of streptomycin or dihydro
streptomycin  divided 1n four dady doses 1s given for two or three weeks
half that dose for the rest of the course A total of 100 mg heparnn per
twenty four hours 1n the infusion reduces trouble due to thrombosis about
indwelling plastic catheters but anticoagulant levels of hepann are not
desirable and are dangerous should cerebral or splenic infarction occur

A special blem occurs 1n 11 patients seen more fre
quently each year Desensitization as with horse serum sensitive pattents
with diphtheria or tetanus s usually preferable to use of less effective
antibiotics D can be hshed by startbing with 10 units

t ly and five or tenfold every twenty minutes
Epnephrine 1s kept on hand for use if serious reactions occur Pyribenza
mine pnming and continued dosage reduce skin reactrons and corticoids
also may be useful or necessary at the start of such a course Even in
patients not showing any other sensitvity to pemailhn low grade fever is
not unusual but fortunately 1t comes on after the imtial fall when therapy
15 effective and 1s rarely associated with any clinical symptoms—the
patients feel well and have good appetites and the fever falls when the
treatment 1s ended at the determuned time for the type of infection
Rarsing dosage usually increases the fever which must not be confused
with persistent infection
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Staphylocacer oceur i about 10 per cent of cases of endocarditis, and
only occasionally are these orgamsms highly sensitive to pemcilhin and
treatment 1s effective with six weeh courses of 40 mullion wmts a day i
resistance 15 05 to 2 u/ml 3 mullion umts a day 1f under 05 u/ml®
Tests for sensitwity fo tetracychne (Aureomyein, Terramycin and Tetra
cyn being regarded as entirely similar antibiotics), chloramphenicol, eryth
romycin, novoblocin and vancomycin must be run on strans resistant to
over 2u/ml When the orgamsm 1s sensitive to less than 2 gamma of tetra
eyclime per ml, the average dose 18 500 mg every six hours by mouth, for
stx weeks after a good clintcal response to 10 mg /kg , given ntravenously
every eight hours has been ob d With chloramph 1 sensitvity to
4 gamma per ml or less the same schedule may be followed but good
results are reported from giving 6 gm by mouth, followed by 1 gm every
four hours until a good climeal response 15 evident then 1 gm every siX
hours for six weehs Dosage schedules for the other antibrotics mentioned
should be carefully planned (vancomycin can only be given 1ntravenousty)
and all these agents are given 1n four to six week courses, with maximal
tolerated daly dose Bacitracin has marked and, to <ome extent, 1IT€v€rs!
ble nephrotoxic action and 1s used only with great caution when no othes
agent 15 effective Combiming heavy pemcillin dosage with the bacterio
static agents—tetracycline chloramphenicol erythromycin or novobiotin
—15 not advisahle theoretically but may prove eflective mn some resistant
cases Bacitracmn 1s effecive with pemcillin and combnations of tv0 bac
tenostatic agents are effective
About 5 per cent of cases of bacterral endocarditis are due to all other
pyogens P, 1 and g 1 endocarditis both often accom
pamed by menmgttis can be controlled by pemucillin, but valvular damage
quickly becomes 1rreversible, so that swaft mstitution of massive therapy
(4 mithon umts/day for first week, 2 million/day for two to four weels
more) 1s imperative No sensttivity tests are needed and in suspected cases
treatment should be started as soon as blood for two separate blood ol
tures has been drawn In memngocaccal sepsis Dowling recommends 10
mullion umits of pemeilin ntravenously the first day, with full dosage of
sulfadiazine to control meningeal mvasion 8 Beta streptococcal mfectsons
also are acute and rapidly destructive and demand simi'ar therapy Sens!
tivty must be checked as rare enterococcr are hemolytic and require
streptomycin m addition G | endocarditis responds well t0 the
i tioned dosage schedule but here too, prompt mstitution of
therapy 1s necessary Even with the hest treatment valvular damage o
all these acute endocarditides 1s rapid and heart failure occurs 1 almost
one half the patients whose lesions are sterthized
In Brucella endocarditis, sensitwvity need not be tested Two grams of
tetracycline daly for four weeks with 1 gm streptomycmn for two weels,
half that for the next two weehks 1s the standard and very effective treat
ment
With other nfections the following sensitivity tests are n order dreat
ment being gven for six weeks with the maximal tolerated dosage darn8
the first days to secure chmeal remission  Escherichia colr Aerobacter 27
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1, 1 1

Salmonella—tetracy clme and streptomycin  Prot
tetracycline chl )} L and p Pseud:
tetracycline chloramphemecol and polymyxin

In alpha streptococcal mnfections, the death rate from heart falure
embolic accidents and other causes may be as high as 10 per cent before a
course of therapy 15 completed, and over 15 per cent from heart failure in
the first year In the other types of infection the 1mtial and delayed death
rates are two to three times as high as in subacute streptococcal endo
carditis Because each 10 million umts of penicillin has the equivalent of
1 gm NaCl or KCl, sodium peniciliin must be avoided 1n heart failure and
potassium pemeillin must be avoided 1n renal failure suitable diets should
be used m all such cases

of S d End ditts with Negative Blood Cultures

When h]ocd cultures are negative m patients with persistent unexplained
fever with known valvular heart disease or with systolic murmurs and a
history of recent tooth extraction or respiratory infection the possibility
of streptococcal endocarditis with negafive cultures must be conceded If
some antibiotic therapy has been given before blood cultures are prepared
the probability 1s mcreased but even before antibiotics were used nearly
10 per cent of patients with proved streptococcal endocarditis were bac
tena free for long periods of active febnle disease

‘When blood for half a dozen cultures has been drawn other causes for
fever have been excluded and a good temperature curve has been estab
lished therapy may be started I consider this wise even when petechiae
and embolic lesions are absent and the differential dragnosis suggests the
possibility of Hodgkn s disease or lymphoma The latter 1s incurable and
does not respond to penicillin streptomycin therapy so 1t 1s better to start
treatment on doubtful cases i the hope that the presence of the curable
disease will be proved by the response to treatment

The treatment schedule may be that recommended earler 1n this sec
tion for alpha strept or ent of low y but I prefer to
start the therapy with 2 gm of mixed streptomyan daily, and 200 000
units of procaine penicillin every six hours If there 1s a2 prompt chimcal
remisston the dose 1s raised to one mullion units every six hours and the
treatment ended in three weeks In such cases a relatively sensitive
orgamsm presumably 1s present When no chinical response 1s seen by the
fourth day the dose schedule of 40 muilhon umts a day 15 started, and 2f
there 15 then a clinical remussion the course 1s continued for six weeks
with 1 gm streptomycin daily after the end of two weeks treatment with
2 gm daly

‘When there 1s no response to massive therapy of this sort the chance of
subacute disease due to Brucella or other orgamsms 1s very small but a
tnal of tetracycline and streptomycin for Brucella or of chloramphenicol
therapy 1n full dosage 1s justifiable for at least one week If that fails
and other signs of endocardial infection particularly embolic lesions are
occurning  bacitracin may be tried Since alpha streptococer cause more
than 90 per cent of the bactera free subacute cases the need for testmg
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other antibiotics rarely anses in the patients whose palpable spleen and
embolic lesions leave no doubt about the nature of the disease
Relapse, Recurrence, Reinfection A cause for great concern 1s the
problem of new mamfestations of disease 1n a patient who has responded
well to therapy Only when the same organism but with higher drug
resistance 15 recovered durnng or soon after the mitial course of treatment
can one regard this as a relapse due to inadequate dosage and development
of resistance In all such cases a new course, usually longer as well a3
more 1ntense must be started
When the patient remains well for three months or more, and a simlar
orgamsm with similar sensitivity 15 1solated one can speak of recurrence
or remfection If a different organism 1s 1solated, there can be no question
of anything but remnfection, even if this occurs during therapy Thus,
staphylococeal infection may supervene in vindans endocarditis as 2
result of shin infections at injection sites One of our patients had a
relapse about one month after only three weeks of treatment with 800 000
units of pemcillin daily recovered completely with longer, more mtensive
treatment but a year later had a new mfection with a different and far
less sensitive strain  Two years later the patient returned with an acute
endocarditrs due to beta streptacoccus, sensitive to 0 02 umts per ml Thus
one relapse and two remfections were observed, all successiuily controlled
Prophylaxis In all recovered patients and mn many well compensated
people with valvular heart lesions prevention of bacterial endocarditis
must be advised This centers on care of the teeth and use of pemeiltn
whenever extensive dental work 15 undertaken The usual regimen 1§ half
a million umts of procamne pemieillin twelve to twenty four hours before
extraction or treatment likely to cause extensive bleeding of gums and
stmilar doses daily until four days after all bleeding has subsided After
operations for hemorrhoids bowel resection or prostatectomy, mfection
with enteracocct 15 to be feared and in such cases a million umts of pro
came pemcillin and 1 gm of streptomycin should be given every twelve
hours preceding the operation and until three days after all catheters
packs or d have been r d and discharge has ceased
1t 15 wise for such patients never to use stiff bristled tooth brushes and
if they have extensive caries and a progressive sertes of extractions seems
probable, 1t may be wisest to extract all teeth at one time with full pro
phylactic control There 1s evidence that endocarditis lenta develops less
frequently in the edentulous ¢ but routme extraction of all teeth 15 unwis¢
During effective therapy of an attack of streptococcal endocarditis it
our customn to have all immnent dental or prostatic surgery complete
during the second or third week of the six week course rather than have
the patient’s convalescence mterrupted by further interventions
One curious result of our attention to clearing up lestons apt to cause
trouble, or already causing symptoms has been to rase the morale of
patient and family More than any reassurance as to effectiveness ¢
modern therapy, the physician s concern about future well being 1mpresses
on the family and patient the fact that recovery 1s expected after a B
mitial response to therapy In all patients doing well, however mebculovs
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attention to salt restniction or depletion adequate and appetizing meals,
examination of the sites of intramuscular injections and care for the
patient s general well being are absolutely essential if one 1s fo restore the
maxtmum percentage to full recovery Confinement to bed should be
hmted only to those patients who are prostrated by fever and to the
proper alternation of bed and chair in those who are afebnle so as to
promote comfort and rest Patents who sit up for meals and even stroll
a short distance to the bathroom usually do much better than those
foraibly hept on ‘ complete bed rest ”
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other antibiotics rarely anses in the patients whose palpable spleen and
embolic lesions leave no doubt about the nature of the disease
Relapse, Recurrence Rewfection A cause for great concern 1s the
problem of new manifestations of disease 1n a patient who has responded
well to therapy Only when the same orgamsm but with higher drug
resistance, 1s recovered during or soon after the initial course of treatment
can one regard this as a relapse due to madequate dosage and development
of resistance In 1ll such cases, a new course, usually longer as well as
more mntense must be started
When the patient remams well for three months or more, and a similar
orgamsm with similar sensitivity 1s 1solated, one can speak of recurrence
or remnfection 1f a different orgamsm 15 1solated, there can be no question
of anything but remfection even if this occurs during therapy Thus,
staphylococcal infection may supervene mn viridans endocarditis as a
result of shin nfections at mjection sites One of our patients had 2
relapse about one month after anly three weeks of treatment with 800 000
units of pemallin duly recovered completely with longer more intensive
treatment but a year later had a new infection with a different and far
less sensitive stramm  Two years later, the patient returned with an acute
endocarditis due to beta streptococcus sensifive to 0 02 umts per ml Thus
one relapse and two reinfections were observed, all successfully controlled
Prophylaxis In all recovered patients and mn many well compensated
people with valvular heart lesions, prevention of bacteral endocarditis
must be advised This centers on care of the teeth and use of pemeillin
whenever extensive dental work 15 undertaken The usual regumen 1 half
a mullion umits of procame pentaillm twelve to twenty four hours before
extraction or treatment hkely to cause extensive bleeding of gums an
similar doses daily until four days after all bleeding has subsided After
operations for hemorrthoids bowel resection or prostatectomy infection
with enterococe 1s to be feared and m such cases a rmihon umis of pre
came penteillin and 1 gm of streptomycn should be given every twehe
hours  preceding the aperation and until three days after all catheters
packs or dressings have been removed and discharge has ceased
It 15 wise for such patients never to use stiff brnstled tooth brushes and
if they have extensive cares and a progressive series of extractions seems
probable 1t may be wisest to extract all teeth at one hime with full pro
phylactic control There 15 evidence that endocarditss lenta develops lest
frequently in the edentulous,’ but routime extraction of all teeth 1s unwise
Duning effective therapy of an attack of streptococeal endocarditis, 1t 1
our custom to have all immnent dental or prostatic surgery complete
durmg the second or third week of the six week course rather than have
the patient s convalescence nterrupted by further mtervenhions
One curious result of our attention to clearmg up lesions apt to €ause
trouble, or already causing symptoms has been to raise the morale of
patient and family More than any reassurance as to effectiveness ©
modern therapy, the physician s concern about future well being 1mpresses
on the family and patient the fact that recovery 15 expected after 2 good
wstial response to therapy In all patients doing well, however, meticulous
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Cardiovascular Syphilis

Introduction Syphilitic heart disease 1s 2 term which means primanly
syphilis mvolving the aorta There are other parts of the cardiovascular
system nvolved 1n this disease but the aorta 1s the portion which 1s most
frequently damaged and which shows the earliest manifestations of syph1
Iitic invasion

As early as 1728 Lancisi ¢ and 1n 1761 Morgagm suspected the relation
ship eusting between syphilts and aortic aneurysm but the real story of
syphilitic aortitis was not written untd 1876 when Franas H Welch of
England descnibed the gross and histological lesions found 1n this condt
tion Dohle a pupil of Heller s, in 1885 wrote rather comprehensively on the
subject and 1n 1907 Reuter! and Schmorl demonstrated the Treponema
pallidum 1n lesions of syphilitic aortitis Since that time much confirma
tory evidence has been produced showing the close relationship exusting
between syphibis and a certamn type of pathologcal lesion occurning 1n the
aorta Additional evidence of the part played by syphilis in this condition
has been strengthened by the presence of a positive VDRL reaction occur
nng i the blood of so many patients with aorfic involvement

Etiology The Treponema pallidum 1s the causative orgamsm of syphilis
At the time of primary infection the treponema enters the blood stream
and 15 distnbuted generally throughout the body Curiously enough and
for an equally unexplained reason the entire thoracic aorta seems to be an

llent site of for these they collect in the adventiha
and the media and may lte seemingly dormant 1n this location for varying
periods of time before producmg signs or symptoms which would lead to
their d y The f g case history a rather graphc
illustration of an early and disastrous leston

A Negro single male mneteen years of age was admutted to the hospital 1n

great respiratory distress While dressing for work he suddenly developed
marked shortness of breath and though he started to work he was unable to
continue and returned home where he remained until twelve days after the onset
of symptoms when he began to notice swelling of the face and one month after
ward he was brought to the emergency chnic and admitted to the hospital n a
rather severe state of shock There was a past history of sore throat at the age of
seven without joint pamns  Seven months prior to the onset of his 1liness he had
gonorrhea and a pemile leston At this ime the Treponema pallidum was found
1n the exudate from this lesion

183
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On physical exammation the pulse rate was 100 blood pressure 140 over 56
He was a well developed Negro male propped up 1n bed 1n noticeable respiratory
distress He was cyanotic and there was defimite neck vern distention numerous
moist rales were heard throughout both lungs and the heart was enlarged to the

Galen although 1gnorant of the circula
tion of the blood did not fail to recog
nize aneurvsm and described two forms
—the traumatic and the spontaneous
The former no doubt represented the
commoner type before the widespread
appearance of syphilitic aortic aneu
rysmn 1495

Vesalius about 1557 diagnosed both
thoracic (and for the first time) abdom
mal aneurysms

Pare one of the greatest surgeons of all
time noted and 1 1582 wrote a detatled
treatise upon the wital problem of s
day—syphilis and 1ts association with
aneurysm

Fernel first recognized internal ﬂ“;:‘
rysms and suspected their relanons( P
to syphils as early as 1542 Lﬂle"
Lancist (1728) emphasized this 7€l
tionship and published a treatise Of
both aortic and cardiac aneurysms

left At the apex there was a pronounced dastolic thrill the first heart sound
was loud and booming and was followed by a blowing systolic murmur trans
mtted upward and to the left The second sound was clear and snapping and
was followed by a loud low pitched rumbling diastolic murmur Over the base
of the heart there was a loud to and fro murmur the latter beng the duastoli®

which was best heard 1n the second 1nterspace to the right of the sternum

The
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systolic murmur at this area was loud rough and of a lower pitch than the
diastolic murmur The first sound was completely replaced by the systolic
murmur which was transmtted to the vessels of the nech The radial pulses
were full and of the Corrigan type There was a distinct capillary pulse and
pistol shot sounds were heard over both femoral arteries The hiver was enlarged

FIGURE 1 Extenslve syphilitic aortitis showmg amarked treebark appearance
f the

of the aorta with of the aortic valves
producing aortic insufficiency Localized small areas of aortic dilatation

extending 5 cm below the costal border There was a scar on the shaft of the
penis The VDRL was positive  His course was rapidly downhull and he died
three days after admission to the hosptal

An autopsy was performed sixteen hours after death The heart was consider
ably enlarged dilated and very flabby The tricuspid mitral and pulmomc
valves were normal The posterior leaflet of the aortic valve presented a perfora
tion measuring app! ly 08 cm nd It was thickened and firm
‘The edges of the fenestration were friable and shightly mjected At the attach
ment of the valve there was a small nodule which was swollen hard and firm
Examination of the aorta just posteror to the leaflet showed a distinct swelling
and tendency toward corrugation. Sections made through this area showed
extensive mnvolvement of the aorta from the mtima through the media to the
adventitia 'The infima was thick swollen and contained numerous round cells
and fibroblasts The media was heavily scarred with fibrous tissue numerous
small round cells and plasma cells showing their greatest collection about the
blood vessels In the adventiia there were numerous fibroblasts lymphocytes
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and plasma cells indicating a rather acute fulminating process probably syph
tic The interesting facts are that this patient received hus primary infection
with a positive dark field exammation seven months prior to admsgsion to the
hospital He developed an acute aortic syphilis which mvolved only a small area
1n the aorta and also the posterior leaflet of the aortic valve causmng gummatous
degeneration of the valve with perforation and death

FIGURE 2 Low magmification of a section throu Jtration
gh the aorta showing mfiltratio
of the adventitia with small round cells destruction of the elastic fibers of the

media_thickening of the walls of the vasa vasorum marked thickening and 1nfiltra
tion of the tima with small round cells

FIcURE 3 Higher magmification of degenerative changes occurring in the mecha

Prevalence and Distribution In the present day 1t 15 gratifymng 10 <€
the inaidence of this disease decreasing due largely to the efiorts of private
physiians and the Public Health Service who 1n addition to widely diS
semnating Rnowledge of syplilis have also established an acceptabi®
method of treatment of the disease with adequate pemcillm therapy
Since 1949 the rate per 100,000 population has dropped from 1973 t©
875 m 1954 which in the light of past experience 15 a most notenorthy
achievement Statistical data vary considerably as to the prevalence o
the early mvolvement of those who have had syphilis Warthmi? from
postmortem experience 1s of the opinion that ninety per cent of tho<e wit
syphilis showed definite aortitis Langer,? from the Virchow Krankenhaus
found among 23,105 autopsies on syphihitic persons from seventy to e18btY
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per cent with cardiovascular involvement It 1s true that many of these
lestions were minimal and could have been detected only at autopsy

White 21 1 1933 found 2 8 per cent of syphilitic aortitis in 2100 autopsies
at the Massachusetts General Hospital Cowan? and Faulds in 1929 report

s1x per cent 1n 100 autopstes at Glasgow
i,
&
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FIGURE 4 Teleoroentgenogram of the heart showmg marhed saccular
aneurysm of the aorta The heart 15 normal n size

The clmical recognition of syphilitic aortitis has not Lept pace with the
madence discovered at autopsy despite the fact of a greater increase m
the efficiency of diagnosis This, however, 1s easily explained when a large
amount of autopsy matenal 1s studied, 1t 1s readily seen that 1t 15 an 1m
possthility to detect from physical or other exarmnation the mummal le
sions of this infection Cochems* and hemp found among 1000 ipAdyndnale
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with syphilis 12 7 per cent who had cardiovascular syphulis Turner among
6000 patients was able to recogmze 10 1 per cent with cardiovascular m
volvement In 15000 autopsies at the Philadelphia General Hosprtal,
Welty!? found cardiovascular syphihis in 6 93 per cent Maher,™! Sittler,
and Elliott discovered syphilitic heart disease 1 97 per cent of 1000
patients seen 1n private practice In the cooperative$ chnical studies among
a group with late syphilis, there was an mcidence of ten per cent in 6263
patients Congemital syphilis can produce cardiovascular degenerative
changes affecting chiefly the myocardium, as was shown by numerous case
reports 'These cases are of more academic than clinical interest smce very
few so nfected survive for any length of time
Age and Race Cardiovascular syphilis 15 much more frequent 1n the
South than in other parts of the United States largely because of the
Negro population The factor of age m acquired cardiovascular syphults
1s of some importance, as the manfestations usually occur from ten to
twenty years after the pnmary lesion This places the greatest age met
dence between thirty and fifty years, which 1s between the age groups of
patients with theumatic heart disease on the one hand and the group of
those with arteriosclerotic or hypertensive heart disease on the other
TThe majonty of cases are found mn the fourth decade, with the fifth and
third following closely There are of course, cases occurnng in much
younger and much older individuals In the Negro race either becausé of
the lack of mherent racial immunity, or due to acquiring the disease earher
mn llf‘e1 we find cardiovascular mvolsement occurning at a much younger
perio
Among the Whites as well as among the Negroes there will be approx!
mately four males to one female This discrepancy 1s usually explamned by
the fact that men perform much more arduous work than women causing
a more severe stram on the aorta However, one must not lose stght of the
fact that the promscuity of the male 1s much more than that of the fe
male which makes him decidedly more hable to contract the disease
Social status 1s defimitely related to the occurrence of syphiitic 1nfec
tion It 1s well hnown that the uneducated and ignorant races are much
more proe to have the mfection than people of higher inteligence 1t 35
of imporfance to recall that among the ignorant there 1s frequently 10
treatment for this infection, and adequate treatment 1s very raré Tume
and close observation alone will tell the effect which intensive pemmﬂm
therapy will have on the percentage of nvolvement of the cardiovasculat
system 1n syphihis
Pathology Involvement of the aorta 1s almost the umversal lesiort m
latent syphilis The pathological picture of syphihitic aortitis 15 quite char
actenstc and very seldom mistaken for any other lesion It 15 on€ of
marked cellular infiltration, 1nvolving as a rule all three layers of the aorta
and along with this there 1s hyaline destruction of tissue with evidence ©
healing and replacement by fibrous tissue and formation of new blood V€S
sels with resulting scanfication
There are many different 1deas advanced by various authorities as to the
mode of mnfection  Some think the Treponema 1s carned directly 10 the
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aorta from the primary lesion and there sets up a chromc inflammatory
leston In support of their claims they cite the frequent findings of the
Treponema 1n the sorta of patients who have died from other causes dur
ng early syphilitic infection

hlotz advanced the idea, with considerable evidence to support his
view, that the Treponema passed to the aorta through the lymphatics of the
mediastinum after having been trapped in the mediastinal lymph nodes
where they produce a mediastimtis  Saphir and Scott!3 and Backhaus are
of the option that the end result, which 1s medial degeneration, 1s due to
an endarteritis of the vasa vasorum produced by a proliferation of the cel
lular elements within these small blood vessels which mterferes with the
nutrition of the media

Gross examination of the sorta reveals well outlined elevated gray
translucent patches which may be discrete or may coalesce to form larger
areas These streaks or patches run lengthwise of the aorta and usually
begin just above or at the aortic sinuses and proceed upward to the arch
mvolving 1t and lly the abd. 1 aorta, although in most cases
of syphlitic sortitis the process usually stops where the aorta passes
through the diaphragm This 1s not always true for occasionally the ab
dormnal aorta alone may be the only part involved Very rarely do these
typical lesions degenerate and form ulcers The latter condition 1s more

ly found 1 atl tion which may also be assoc1
ated with syphilitic aortitis
If the mnfl tory process lves the aorta around the ostia of the

coronary artenies as 1t frequently does serious difficulties may anse Itis
of interest that the ostia of the coronary arteries may show extensive dis
ease, yet very rarely will the disease progress further into the arteries
themselves The microscopcal picture 1s very charactenstic In the adven
tiha and about the vasa vasorum 1n the media one finds a collection of
small round singly nucleated cells with plasma cells and fibroblasts The
nfiltration b m the ad ds inte the media where
the blood vessels gradually become narrowed and almost completely ob
literated The round cells the plasma cells and the fibroblasts so nfiltrate
the connective tissue and the elastic tissue that hyaline degenerative
changes are most marked One can frequently see strands of elastic tissue
that are broken and widely separated from each other and between these
fibers there 1s evidenced an attempt at healing by replacement with con
nective tissue The cells of the intima ncrease 1n number and frequently
form distinet ndges which project in the lumen of the aorta

In the media there occurs very frequently areas of necrosis with com
plete destruction of all formed el These areas ble small gum
mata As this destructive process continues the vessel wall becomes weak
ened and depending on the extent there may develop either a small or a
large aneurysm Sometimes the media 1s completely replaced by fibrous tis
sue Should the destructive change proceed downward and involve the com
mussures of the aortic valve or should it involve the valve itself we find
marked retraction scarification and shortemng of the aortic cusps or dila
tation of the aortic mng resulting in aortic mnsufficiency If the infection




190 CARDIOVASCULAR DISEASE

1s extensive and progresses more or less simultaneously, there 15 general
1zed thinning of the entire thoracic aorta, resulting in a general dilatation
of the blood vessel, and a resultant aneurysmal dilatation The commonest
complication of syphilitic aortitis 1s aortic insufficiency which 1s present m
approximately fifty per cent of the patients who have been correctly diag
nosed Very rarely 1s 1t seen early in the disease
With thickening of the mtima a narrowing or partial obstruction of the
branches of the aorta may occur This has been mentioned as occurning at
the ostia of the coronary artertes the innominate the subclavian, the in
tercostal, and the carotid arteries may likewise be involved
Symptems A strihing feature of syphilitic aortitis 1s 1ts latency Asa
rule, there are no symptoms early in the disease, and even later, there may
be no mamfestations The early diagnosis of cardiovascular syphihs re
solves itself therefore, into the early recogmtion of latent infection of the
aorta, which would seldom be necessary 1f every patient with primary
syphibis recerved early and adequate treatment When it 1s possible to
make a climical diagnosis of aortitis, we have seen from the discussion of
the pathology of the disease that much irreparable damage has been done
Symptoms generally speaking result from involvement of the aorta
one of three ways (1) The aortic valve or its commussures becomes dis
eased resulting in incompetency which leads to cardiac hypertrophy, dila
tation, and finally congestive failure (2) dilatation of the aorta either
diffuse or saccular with or without symptoms, due to pressure on adjacent
organs (3) mvolvement of the ostia of the coronary arteries, resulting 1
myocardial 1schemia The two outstanding symptoms for which the major
1ty of patients seek relief are substernal oppression and paimn, or paroxys
mal attacks of dyspnea
In the early cases pain 1s not severe, and 1s usually noticed only after
strenuous exertion It seldom radiates and 1s localized beneath the upper
part of the sternum 1t 1s not an agomzing pain but more a pressure or
burning sensation which Iasts for a short ttme and which, as soon as there
15 8 period of rest completely disappears The pain frequently 1s associated
with mild dyspnea or a shght nonproductive cough In an otherwis
healthy individual who has been free from substernal discomfort the onset
of pain, 1n the absence of hypertension with a posthve VDRL should
make one susprcious of luetic aortic involvement When the ostia of the
coronary artenes are mvolved there may occur the typical symptoms of
coronary nsuffictency
Physical Signs Because of the latency of the mamfestations of cardio
vascular syphilis there may be no physical signs whatsoever and only too
frequently 1s the evidence discovered at postmortem examnation On the
other hand with involvement of the aorta one may occasionally find
rather obvious signs of the disease These physical signs are those of arottc
dilatation, which were descnibed so clearly and distinctly by McCrae 3
1910 These consist very bnefly (1) An mcrease 1n the percussed 272
of dulness over the upper part of the sternum The heart in pract! ly
every uncomphicated case of syphilitic aortitis 1s normal 1n size and there
15 no hypertension (2) In a number of cases there may be seen pulsation
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i the first and sccond mterspaces to the nght of the sternum or in the
suprasternal notch with this there may be observed a slight thrusting for
ward of the upper part of the sternum (3) Over the aortic area one fre
quently hears a soft systolic murmur which 1s transmutted to the vessels
of the nech (4) Of greatest importance 15 the loud amphonc tambour
hke aortic second sound heard best to the nght of the sternum 1n the sec
ond interspace When obtamed this 1s an extremely charactentstic and
valuable sign, perhaps the most valuable and differs in quahty from that
heard 1n patients with hypertension It 1s generally stated that this 1s pres
ent in practically all patients wath aortic insufficiency

Additional mformation may be obtained by a fluoroscoptc exammation
of the heart and aorta An expenenced observer can easily detect widening
of the aorta with an ncrease of aortic pulsation In a patient with an
aneurysm the roentgen ray furmshes the deciding evidence in the diagno
s1s and bv its employment one can frequently detect not only one but
several saccular dilatations

The electrocardiogram gives very hittle additional ard 1n mahing a diag
nosis Smth! and Blackford studied tracings made from 128 patients with
syphiitic aortic p y and in these wath 900 tracings
made from patients with other types of heart disease found that the fol
lowing changes occurred with fi ly greater m the sypht
Litic group (a) Intraventricular conduction defects (b) left axis devia
tion (c) low voltage T wave (d) ST segment deviation Arrhythma
was rare ‘Transient auncular fibnillation occurred 1n only 3 1 per cent of
the syphilitic group

Blood tests are of derable value 1n blishing the or ab
sence of syphilis One must realize however that these tests are positive
in approximately only eighty per cent of patients with syphilitic aortitis
and that 1f the blood reaction 1s negattve one should not entirely dismiss
the diagnosis of syphlitic aortitis

Complications It 1s unfortunately too true that a great number of pa
tlents with cardiovascular syphilis are undiagnosed until some of the three

s anse The d then1s quite evident but the patient has

reached that stage of the disease when all chances of a cure have gone and
when all one can hope for 1s to salvage as much as possible from the
wreckage by prolonging Life with adequate treatment directed toward the
care of the patient his heart and s syphilis

AORTIC INSUFFICIENCY

This 15 the commonest complication observed and occurs with a vanable
degree of 1n diff hospatals, d ding greatly on the cli
entele During a four year pertod among 224 patients with cardiovascular
syphilts adimtted to the Emory University Division of Grady Hosprtal 142
or sixty three per cent had aortic mcompetency

Pure aortic i1 occurrng L the ages of thirty and sixty
years among Whites and at an earlier age in Negroes 1n the absence of a
tustory of rheumatic fever arteriosclerosis or hypertension 1s practically
always due to syphilis
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ANEURYSM
Ths 15 the next most frequent complication of cardiovascular syphibs
To understand the fi of this lication, one must bear n mnd

that an aneurysmal dilatation may occur at any place i the aorta and be
of any size On the medical service of the Emory University Division of
Grady Hospital, there 1s practically no place in the aorta where we have
not seen an aneurysm and these have varied 1n size from 1 to 2 cm, to 15
to 20 cm 1n diameter They occur most frequently in the ascending por
tion of the aorta and the aortic arch Next in frequency 1s the descending
and abdomnal aorta Aneurysms are accompanied 1n about ten per cent
of cases with aortic mnsufficiency Depending on therr size and location,
they may be with or without symptoms and are frequently ciscovered only
at postmortem exarmnation

Among our group of 224 patients with cardiovascular syphils, there
were 54 or twenty four per cent, with aneurysms

ANEURYSM OF THE ASCENDING AORTA

These are usually small and occur ntrapercardially The aneury sms
origmate most frequently 1n the aortic sinuses but may occur m any por
tion of the aorta There are usually no associated symptoms or physical
signs unless the aneurysm ruptures with a resulting hemopenicardium 0f
increases suffictently in size to compress surrounding structures such as the
pulmonary artery On rare occastons these aneurysms may become 50
large that the heart 1s displaced downward and to the left

The following case history illustrates the devastating effect of the rup
ture of a small aneurysm producing sudden death 1 an otherwise healthy
active colored male

This forty-one year old waiter was admitted to the hospital 1n obvious shock
and complaming of pain 1n hus chest He had always been well with the excep”
tion of s1x mjections 1n his arm for bad blood several years prevlously On ﬁ‘i
morning of admission he had noted a vague pain in the upper part of his Y‘E(I')‘O
chest He ate a hearty breakfast and reported for work at 1 00 o clock At2 ¢
oclock he developed a sudden ntense pamn n the mdline of fus chest 1S
beneath the X d d d toward the abdomen and finally
becoming very mtense 1n the lower anterior chest and upper abdomen-

Physical examination revealed a normally nounshed male profound shock
with an unot ble blood Austant heart sounds feeble but
equal peripheral pulses and might upper abdominal tenderness and Hgld"’{
Unmnalysis revealed a three-plus albumen 'The leukocyte count Was normd
The Wassermann reaction was strongly positive

Morphine and local measures were of no benefit and the patient died twelee
hours after the onset of pan

Autopsy revealed a diffusely dilated ascending aorta and aoritc arch TwO

ters above the | of the aorta there was a2 bulging of the gorta
one centuneter 1n diameter and depth At the tip of this small aneurysm ﬂ’e:e
was a small perforation from which a large quantity of blood had escaped 1010
the pericardial sac There was some thickemung about the coronary ostia
aortic valves were competent The aorta showed a diffuse syphilitic aortitss for
a dist: of five from ats k to a short distance beyon the
Jeft subclavian artery




CARDIOVASCULAR SYPHILIS 193

The following record 1llustrates the effect of an aneurysm onginating in
the region of the aortic sinuses which increased sufficiently 1n size to al
most completely occlude the pulmonary artery

A thirty two year old colored male laborer was admutted to the hospital wath
the complaints of short breath pain around the heart, weakness and swelling
He had always been in good health Two years prior to admisston he noted an
exertional non-disabling palpitation For two months prior to adnmussion there
had been a progressive development of dyspnea on exertion orthopnea and
paroxysmal nocturnal dyspnea For three weeks the patient had chest pain with
burning pnimanly 1n the left chest and generalized edema

Physteal exammnhon revealed a normally developed edematous male in great

tory distress were thirty to the minute and the blood pres
sure 1n both arms was 140,20 Fhere was a striking generalized edema dilatation
of the neck veins and visible carotid pulsations Numerous fine rales were
audible over both lung bases The entire precordium was thrust forward with
each systole The point of maximum 1mpulse was 1n the sixth interspace twelve
centimeters from the mudline The percussed arez of dulness was increased to
the night five centimeters from the midline 1n the fourth right mterspace A
systolie thnl) could be felt over the apex and pulmome area On auscultation at
the apex there was a very loud systolic murmur which mcreased in intensity and
was loudest over the pulmonic area A diastolic murmur was heard best over the
aortic area but both murmurs were easily heard over the entire precordium The
pulses were regular and equal of the Corrigan type The Wassermann reaction
was positive The patient died the second day after admission At autopsy
there was an aneurysm originating near the aortic sinuses pressing against the
1| ry artery almost luding 1t Syphilitic aortitis and 1nvolve-
ment of lhe aortic valve was also no!ed

ANEURYSM OF THE AORTIC ARCH

It 1s difficult chnically to separate aneurysmal dilatations of the aortic
arch into those mvolving the vanous portions of the arch Only occasion
ally are these dilatations Jocalized 1n one section

Symptoms and Physical Signs These depend on the point of ongin of
the aneurysm the size and the structures that are compressed or de
stroyed by the aneurysmal growth and movement A large number of
aneurysms cause no symptoms

Paln This 15 the commonest complamnt and vanes 1n mtensity seventy,
and location In the beginning 1t 1s a muld but more or less constant dis
comfort which 15 not increased by exercise or excitement but may be ag
gravated by change of position It frequently is referred to the antertor
chest wall the neck the back and occastonally the arm It usually does
not come n paroxysms but 1s described as neuralgic in type This neu
ralgic type pamn 1s frequently followed later mn the course of the disease
by a constant boring type pamn that 1s usually associated with destruction
of bone The milder type pain 1s related to pressure on nerve roots or other
structures adjacent to the aorta

Cough This 15 usually nonproductive and frequently only an imitative
hack As pressure on the trachea or bronchus increases the cough usually
ncreases in severity Hemoptysis occurs with sufficient wrnitation or rup
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ture of the aneurysm There 1s very frequently a so called “goose cough”
associated with paralysis of the left vocal cord
Shortness of Breath This 15 usually the result of displacement of the
lung 1n the thoracic cage by the tumor mass or due to pressure on the
trachea or bronchi
Hoarseness This 15 due to enlargement of the aortic arch and the re
sulting paralysis of the left recurrent laryngeal nerve
Dysphagia This 1s not a common symptom and 1s due to pressure of the
aneurysm on the esophagus
Physical Signs Inspection Engorgement of the vemns of the nech, arms,
or chest due to pressure of the tumor on the superior vena cava 1s some
times found At times the tumor erodes the ribs or the sternum and may
be seen as a large pulsating mass extending five or six centimeters above
the chest wall and covered only by the tightly stretched ghstening shin
Palpation Desiation of the trachea from the midline and demonstration
of the tracheal tug 1s of great importance There 15 occasionally noted &
difference 1n the radial pulses and a marked difference 1n the blood pres
sure 1 the arms The expansile quality of the pulsation 1s best determined
by placing one hand over the suspected area and the other hand at an op
posite pomnt on the back This sign vanes with the thickness of the clot
that fills the aneurysmal sac A systohic thnil 1s frequently palpable over
the pulsating mass
Percussion The heart 1s of normal size unless the aneurysm 15 assoct
ated with aortic incompetence There 15 increased retromanubnal dulness
and lly increased dul to the nght of the sternum In anet
rysms of the descending aorta there 1s a definite impairment of the per
cussion note on the left posteriorly 1f the tumor mass 15 near the spine
Avuscultation This procedure 1s of hitle value A systolic murmur can bg
heard over the tumor if the clot 1s not too thich It should be remembere ¢
that the pressure of the aneurysm will occasionally produce the Signs o
aortic e t without nvol t of the valve

A rather typical patient was admitted to the hospital complamng of pan it
the left chest and shortness of breath He was perfectly well until one year
previously when an upper respiratory mfection left lum with hoarseness ﬂl}"]
pain in s upper left chest shoulder and back Six months before admssion he
was awahened with very severe pain 1n the interscapular region In the following
six months this pain mcreased and became more constant and was accompan!
by a cough productive of blood tinged sputum The patient had untreat
syphilis si1x years previously "

Physical examination revealed an orthopneic male The left pupil was ]argef
than the night both reacted There was a distinct tracheal tug and paralysis ?t
the vocal cord  Respiratory movements were limited on the left The upper e
chest was flat on percussion and breath sounds and whispered voice were l‘“
audible There was a visible and expansile pulsation over the manubrium Wi |
marked 1n ret 1a] dulness to At the apex there W&
a soft systolic murmur followed by a loud rumbl d ne murmur heard 1655
distinctly at the base a

The patient remuned 1n the hospital for one month and died suddenty after
paroxysm of coughing productive of a large amount of blood
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At autopsy the whole upper mediastinum was filled with a large aneurysmal
sac extending to the left and backward eroding the first and second thoracic
vertebrae pressing on the trachea and completely obstructing the left bronchus
Rupture of the aneurysm occurred 1nto the left bronchus Microscopte examina
tion showed the pathological picture of syphilitic aortitis

ANEURYSM OF THE ABDOMINAL AORTA

This 15 the rarest type of aortic aneurysm It usually occurs near the
celiac axis and the symptoms when they occur are produced by pressure
on spinal nerves eroston of the vertebrae, or pressure on neighboring struc
tures Dhagnosts 1s oftentimes difficult unless a pulsating mass can be felt
In recent years aortograms have been of great salue diagnostically
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ture of the aneurysm There 15 very frequently a so called “goose cough”
assocrated with paralysis of the left vocal cord
Shortness of Breath This 1s usually the result of displacement of the
lung 1n the thoracic cage by the tumor mass or due to pressure on the
trachea or bronchi
Hoarseness This 1s due to enlargement of the aortic arch and the re
sulting paralysis of the left recurrent laryngeal nerve
Dysphagia This 1s not a common symptom and 1s due to pressure of the
aneurysmn on the esophagus
Physical Signs Inspection Engorgement of the vemns of the nech arms,
or chest due to pressure of the tumor on the superior vena cava 1s some
times found At times the tumor erodes the nibs or the sternum and may
be seen as a large pulsating mass extending five or six centimeters above
the chest wall and covered only by the tightly stretched ghstening skin
Palpation Deviation of the trachea from the midline and demonstration
of the tracheal tug 1s of great importance There 1s occasionally noted a
difference 1n the radial pulses and a marked difference 1n the blood pres
sure m the arms The expansile quality of the pulsation 1s best determumed
by placing one hand over the suspected area and the other hand at anop
posite pomnt on the back This sign varies with the thickness of the clot
that fills the aneurysmal sac A systohic thnill 1s frequently palpable over
the pulsating mass
Percussion The heart 1s of normal size unless the aneurysm 15 assoct
ated with aortic incompetence There 1s mecreased retromanubrial dulness
and occasionally increased dulness to the night of the sternum In aneu
rysms of the descending aorta there 1s a defimite impairment of the per
cussion note on the left posteriorly 1f the tumor mass 1s near the spine
Avscultation This procedure 1s of hitle value A systolic murmur can bg
heard over the tumor 1f the clot 15 not too thich It should be remembere
that the pressure of the aneurysm will occasionally produce the 51818 ©
aortic x P 'y without 1mnvol t of the valve

A rather typrcal patient was ad d to the tal ! of pamn 2
the left chest and shortness of breath He was perfectly well until one year
previously when an upper respiratory infection left lum with hoarseness ﬁ“}‘]
pamn in his upper left chest shoulder and back Six months before admussion e
was awakened with very severe pain 1n the interscapular region In the following
six months this pain increased and became more constant and was accompant o
by a cough productive of blood tinged sputum The patient had untreat
syphilis s1x years previously

Physical 10n revealed an ortk male The left pupil was 1878¢7
than the night both reacted There was a distinct tracheal tug and paralysts ‘;t
the vocal cord Respiratory movements were limited on the left The upper 1
chest was flat on percussion and breath sounds and whispered vorce were ‘31
audible There was a visible and expansile pulsation over the manubrium wi
marked n ret 1 dulness to At the apex there ¥
a soft systolic murmur foll d by a loud bl drastolic murmur hear less
distinctly at the base

The patient remamed 1n the hospital for one month and died suddenly after 2
paroxysm of coughing productive of a large amount of blood
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Tieatment of Caidiovascular Syphilis

Historleal Note Syphilis had been recogmzed as a cause of cardiovascu
lar disease 1n the sixteenth century, but 1t was not accorded due prom:
nence as an important etiologic factor in affections of the heart and blood
vessels until the second half of the mneteenth century As was to be ex
pected the most ob form of card lar syphilis, 2 e aortic aneu
rysm was the first to attract attention

Although aneurysm of the external artenes was described mn antiquity
by Galen 1t was Andreas Vesahus! (1514 1564) who n the sicteenth cen
tury first recogmzed aneurysm of the aorta without mentioning however
1ts association with syphilis Ambronse Paré- (1510 1590) one of the con
temporarnes of Vesalws, first d this relationship but d un
certain whether the syphilis itself or the I cach
was the responsible factor The distingwished Roman physxcxan Grovanni
Mano Lancsi® (1654 1720) was convinced by his anatomic studies that
syphilrs played the etiologic role and referred to venereal aneurysms
( aneurysma galhcum ) mn his superb hed posth ly

Among the wnters of the eigt h century made
and important contnbutions to the iterature of the subject but for the
next three quarters of a century nothing was added, and the earher teach
ings seemed practically forgotten The modern views on cardiovascular
syphilis date from the latter half of the mmneteenth century with the ap
pearance of the studies of Helmsteder + Welch v+ Heiberg ¢ Malmsten 7
and Dohle 8 and others from Heller s pathologic institute 1n Kiel The
importance of syphhs as a cause of cardiovascular disease 1s now well es
tabhished Although 1n very recent years there appears to have been a de
crease 1 1fs d 1t still for a of
deaths due to cardiovascular diseases 1n adults

Fundamental Principles 'The fact that syphls of the heart and great
vessels 1s thought of less as syphilis than as heart disease 1s the source of
many blunders 1n treatment In evaluating the patient with late syphihs
1t must be remembered that the disease attacks many systems either sm
gularly or concurrently It 1s necessary therefore at the outset to recall
certain fundamental principles of the treatment of syphilis as a disease
which govern the treatment of syphilis as appiled to 1ts lesions in the car
diovascular system First let 1t be recalled that syphils contributes un
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favorably to practically all pathologic processes and, accordingly, treat
ment for syphilis 1s indicated 1n cardiovascular disease whether the syphilis
seems causative or merely comeidental The weight of this dictum 1n car
diac disease 1s gradually achieving recogmtion It should be remembered
even 1n the management of the decompensated heart where rest, sedatives,
digatalis, and diuretic measures are prescribed but antisyphilitic treatment
may be omitted The possible failure of such general measures to restore a
heart until appropriate treatment for the syphilitic infection has been 1n
stituted 1s demonstrable 9

The second therapeutic consideration in treating cardiovascular syphilis
1s that of therapeutic shock (Jarisch Herxheimer reaction) In the arsemt
cal and heavy metal era of syphils therapy 1t was held that fast acting
treatment such as 15 afforded by the arsphenammes and bismuth espe
cially 1n large doses could cause focal flare ups of the syphilitic process If
such flare ups with accompanying edema occur in a partially occluded
cononary artery the wall of an artery weahened by aneurysm or an mfil
trated myocardium or conduction mechanism the gravest results may fol
low the first or even the first several treatments with these drugs Accord
ingly 1t was generally accepted as axiomatic that flare up at active foct
in the affected tissues m syphilitic cardiovascular disetse should be care
fully prevented by a choice of slower acting nonshock producing drugs 45
preparation for any more intensive subsequent treatment, and by a 1é
duced dosage whatever the preparation used

In the last decade pemcillm and to a much lesser extent the other antt
biotics have replaced the arsemicals and heavy metals as the treatment of
choice for all stages of active syphihs Pemeillin 15 as potently spirocheti
adal as the arsphenamines, 1f not more so and produces Herxhermer reac
tions, even 1n relatively small dosage 1n fifty to seventy five per cent of
patientswithearlysyphihs 1911 Paradoxically, reportsonpemcillinincardio
vascular syphilis have mimmized the dangers of therapeutic shock 1”13 141
This holds true for patients in congestive failure 16 17 While 1solated ca%
reports of severe untoward reactions 18 interpreted to be, possible instances
of therapeutic shock have appeared 1n the literature, those papers »
summarize experiences with relatively large groups of cardiovascular sypht
Iis patients have almost without exception, emphasized the tolerance
demonstrated to this form of tr nt When one ders the wide
spread and at times ind te use of In 1 recent years fof
relatively minor ailments 1t becomes apparent that many undiagnosed
cases of previously untreated cardiovascular syphilis have recewved the a1
tibiotic without experiencing severe reactions of therapeutic shoch

The now extensive expermence with pemcilin indicates that 1t 15 the
safest of all potent spinllicidal agents which have been used in the treat
ment of cardiovascular syphilis Nevertheless st should be pomted 09
that there are mvestigators who still state that “preparation * with biS
muth and 10dides'? 20 or mercunic eyamde ! should precede pemctlin ther
apy We must temper our advocation of pemcillin only shghtly by €®

-
# There 1s some evidence that preparation with less potent spirillscidal agents will not
prevent the occurrence of the Jansch Herxhemmer reaction 14
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phasizing careful work up of all patients and hesitancy where there 1s
evidence that therapeutic shock might be severe This is applicable princi
pally 1n patients who have enidence of coronary ostial mvolvement

The third consideration concerns the induction of so called therapeutic
paradox 22 By this term 1s meant the exaggeration of symptoms and the
unfavorable outcome which may follow the rapid and fibrotic type of heal
g induced lly by the h It was held as a fact that
rapid symptomatic response 1n syphihtic cardiovascular disease could be
postively dangerous, and that a patient who was up and about or who had
returned to worh 1n sic weeks might be unnecessarily dead n siz months
as a result of s therapeutic nuracle This entire concept 15 now controver
sial If1t does occur 1t 1s extremely rare following perucillin therapy ! -3 -+

A fourth group of considerations in the treatment of cardiovascular
syphilts 15 the preventive aspect In the arsenical and heavy metal era
adequate treatment of early syphilis was the rule rather than the excep
tion and pr to late sy trc ! lar syphilis such as
aortic insufficency or aneurysm was mevitable in a relatively high propor
tion of patients Pemicallin has changed this We now have an agent which
1s apparently capable 1 the majonty of cases of eradicating every focus
of Treponema pallidum 1n a relatwvely short treatment penod From the
aspect of preventive medicine this has already reduced the incidence of
cardiovascular syphiis However 1t must be remembered that relatvely
small amounts of penicillin such as are used to treat gonorrhea respira
tory infections and many other infections are capable of mashing early
symptoms of syphihs without curing the disease This wadespread practice
could leave a reservorr of undiagnosed ¢latent syphilis which will later
manifest symptoms of tertiary syphilis such as cardiovascular involvement
This 15 pomnted out because 1t 15 one of the reasons why routine serologic
tests for syphilis premantally and as part of hospital admssion studies
and lete physical should be 4

The importance of early diagnosis and treatment of syphihs cannot be
overemphasized Barring this a high index of suspicion 1n persons present
Ing the earliest suggestive indications of aortic disease will uncover cases
at a period when paratively greater my dial reserve and better con
dition of the coronary vessels provide an opportumty for arresting syphilt
tic cardiovascular disease before irreparable damage has occurred With
present day 4 1c such as the t bil anti
body test cases which were formerly equivocal or borderlme can now be
diagnosed with more certainty

In line with the principle of therapeutic paradox there may be noted
wn the response of a syphilitic aortic leston the so called paradoxical exag
geration of signs with improvement of the patients condition For ex
ample a d | and shight dilatation with edema and
dyspnea followed by hypertrophy and restoration of compensation may
result from the imhation of treatment i 2 patient who at the outset pre
sented only a systolic murmur 1n the aortic distnibution ‘This paradoxcal
healing effect 15 not to be interpreted as a treatment failure but probably
as a treatment success
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The Appraisal The first step, to precede all treatment for syphilis of
the cardiovascular system must be an appraisal of the patient’s condition
and resources—mental, physical material The weak spots n the treat
ment of cardiovascular syphilis are the myocardium and the coronanes
In appraising the myocardial situation, electrocardiographic studies are
essential tn addition to the experienced appraisal of the functional capac
1ty of the heart muscle There 1s no such thing as a distinctive syphilitic
electrocardiogram but there 1s 1mportant information to be gamed as to
the status of the syphilitic patient’s heart from this examination It was
believed that patients with inverted T waves in Lead I, and with marhedly
aberrant Q R S compl could be hastened to their deaths by the
arsph It was pted good practice that slower acting drugs be
@ven by nonintensive methods 1n such cases Experience with pencillin
has 1 the main tended to mimimze the dangers of this powerful spiro
cheticidal agent mn patients with marked electrocardiographic changes °

The myocardial reserve of the syphilitic cardiovascular patient must be
carefully ay d Arteriosclerotic ch 1n general, hypertension, and
the cardiorenal status must be considered mmportant influencing factors m
the prognosis Age while not infallible, may be a helpful guide m the con
sideration of treatment approaches The patient who finally his fifties
goes to the wall with a decompensated syphilitic heart has very little re
cuperative power Much less can be evpected of him 1n the way of treat
ment response than of the younger patient whose aortic murmur and evt
dence of syphilis 15 discovered while hus heart muscle 1s perhaps stil far
from exhaustion

The not uncommon comcident occurrence of neurosyphilis and cardio
vascular syphilis as well as occasional visceral lestons such 1s gummnta of
syphihitte hepatitis indicates that a complete pretreatment evaluatron of
each patient 1< essential This should include a cerebrosprnal fld study 1
almost all cases and visceral function’ tests when mdicated Without
baseline pretreatment studies the patient's posttreatment progress ¥
difficult to evaluate

Therapeutic Agents Previous editions of this text ncluded a discussion

of the more commonly used chemotherapeutic agents such as arsphen
rmne  neoarspt the arsenoxides usmuth arsph sulfate
(Bismarsen [R] ) the mercunal salts, the bismuth salts, and the 1odides
Stnce most of these are no longer advocated 1n the treatment of syphulis
this discussion will be hmited to pemeillin with brief mention of bismuth
the 10dides and mercury for those who choose to “prepare the occasional
patient who might seem to be a candidate for severe therapeutic shoch

Consider first pemeilin There 15 httle doubt that this sprrochetioda]

antibrotrc 15 a useful therapeutic tool It has a distinct advantage over
old forms of chemotherapy in that its toxicity i low However, an increas
ing number of allergic reactions ranging from various degrees of urhicand
to anaphylactic shock (sometimes fatal) and penartentis nodosa have
been occurring The | e on ILin 1n cardio lar syphilis has
with few exceptions emphasized principally the pauaty of reactions O
the therapeutie shoch and th tic paradox type On the positive ade,
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direct e evid of llin s effect 1s p d n Sinclarre
and Webster s interesting histologic study of autopsy matenal from a
small (ten) group of patients with aorfitis aneurysm or aortic nsuffi
ciency *¢ They observed that the syphilific inflammation (Iymphocy tic and
plasma cell infiltration) was almost or completely absent in patients who
had received penicillin more than ten weeks before death but marhed 1n
those who had been treated more recently
Optimum time and dosage schedules for pemcillin 1f they can be deter
muned are still unknown The observations which have been reported have
included wide vanations in total dosage and length of treatment time The
largest series are based on patients treated with five to twelve million units
given 1t divided doses over periods ranging from ten days to three weeks
Earlier reports indicated the use of crystall Iin G 1o aq solu
tion given 1n doses approximating 40 000 to 80000 umts every 2 to
3 hours around the clock More recently results with procame pem
cllin G (300000 to 600 000 daily) have been published The tendency
has been toward an mcreasing dosage Breutsch concluded from histopath
ologic studies of the aorta, that the syphiitic inflammation 1s resistant
to treatment and the total dosage of peniciilin should therefore be 25 mil
lion umts divided into daily doses of 400 000 to 600 000 units While
such large amounts may be unnecessary for the present 1t 1s best to err on
the side of overdosage
The broad spectrum antibiotics (chlortetracychine oxytetracychne and
chloramphenicol) are known to have pronounced antispirochetal activity
They have not yet been sufficiently evaluated to advocate therr routine
use 1n cardiovascular syphiis However 1t might be well to heep these an
tibrotics 1n mind for possible use when the patient with severe allergic pen
1cllin sensitivity requires treatment There 15 no basis for advocating a
specific dosage schedule but using favorable results ohserved m neuro
syphilis as a precedent one could give two to four grams daly to a total
of sixty grams
For the most part, the chemotherapeutic agents have become syphilo
therapeutic history We shall allude to a few brefly for those who fear
pemalbin i a difficult situation where severe therapeutic shock might have
been expected 1n the arsemical era Mercury 1t was beheved practically
never d t therapeutic shock effects for ts actions on the
disease are slow and indirect probably by allowing the host s cellular de
fense mechamsm to cope with the infection The soluble salts such as
mercunc succtmmde or mercuric cyanide given mtramuscularly in dosage
of 001 Gm daily are used Considerng 1its neghgible antisprrochetal effect
and 1ts relatively high toxiaity there would appear to be very little justifi
cation for the use of mercury
Bismuth 1s more rapid 1n action and more shoch producing than mer
cury and less so than the Most d lar patients wall
undoubtedly tolerate 1t m full therapeutic dosage from the start Insoluble
bismuth salts such as hismuth subsalicylate are given intramuscularly at
four to seven day intervals in doses of 01 t0 0 2 Gm
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Neither bismuth nor mercury should be given intravenously to patients
with cardiovascular disease The toxic dose 1s too near the therapeutically
effective dose by this route, and the need for time saving can be met satis
factorily by the use of a soluble salt intramuscularly

The 10dides although still used on occasion 1 all forms of cardio
vascular syphilis, are also for the most part therapeutic listory Doses
of 03 to 2 Gm of sodum or potassium 10dide three times a day, may
be employed alone or more commonly along with the heavy metals The
digestive disturbance coryza and rash are rarely disturbing factors if
the drug 1s given just before meals m water, not milk, in a concentration
of 240 cc (8 ounces) of water to each 33 Gm (50 grams) or less, and
1f the larger doses are begun from the outset and not reached by way of
a minute imtial dose and subsequent 0 064 Gm (1 gram) accretions The
writers have seen no climcal evidence of increased towuicity of potassum
as compared with sodium 10dide 1n syphilitic cardiovascular disease

General Treatment Measures It 1s, of course as important to empha
size to the practitioner and the syphilologist that the syphitic with 2
heart complication must be managed as a heart case as to remmnd the
cardiologist and intermist that the syphilitic cardiovascular patient has
syphilis The digitahization and the manag t of d pensation of the
syphilitic heart <hould be supervised by one fanular with the general
prnciples Rest should not only be employed 1n the advanced case, but 1t
should also be made avaslable, or actiity should at least be curtailed, 1n
the patient with aortiis wath valvular 1nvolvement while the adjustments
i heart load, due to shrinkage of healing valves are taking place

The great ymportance of mtegnty of the aortic valve in the future of
the patient 1s very apparent n comparing the behavior under treatment
of aneurysm and aortic regurgmtation 'To secure rest for the syphilitic
heart 1s sometimes rendered difficult by the wreckage of the patients
morale on the familial social, and stigmatic aspects of his condition
Time spent therefore, n adjusting the patients viewpoint may be 8
tmportant as drug therapy Occupational therapy and progressive relasd
tion are very helpful There are no mcompatibilities between the seda
twves usually employed and any form of antissphilitic medication The
tonue effect of penicillin sometimes encourages undesirable gams m weght
that must be watched

Relief of pamn 1n patients with repeated anginal seizures sometimes be
comes a cnitical matter, and the use of vanous methods of nerve bloeh
and resection upon the cervical sympathetic are sometimes Justxﬁcd for
the control of this particular phase of the problem There 15 no more
mveterate relapser than the once decompensated aoriic reg‘-“’g'm“t e
tient, and preventive measures should be taken 1f possible before rather
than after the first breach of compensation has developed It cannot b¢
overemphasized that 1t 1 extremely mmportant to avoid decompensatio?
by every means z e restnchon of achwity at the outset even to ¢
paint of stnict bed rest 1f necessary and permanent adjustments of the
future mode of life of the patient The importance of this 1s reemphasiZ
by data of the Cooperative Chnical Group2s which show that of 281
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patients with syphilitic aortic regurgrtation or aneurysm, forty two per
cent of those 1n whom congestive heart farture was present before treat
ment died and thewr average duration of Lfe was thurty months only
tnenty four per cent of those sn whom heart fahure was absent before
treatment died and therr average hfe duration was forty seven months
In water logged cases the dwretic effect of mercubsdrm mercupunn
salyrgan neohydmn and the catwon exchange resins should be kept m
mind

Speaal Conslderations Aortitls Aortie Regurgitation and Aortic
Anevrysm  In the arsemcal heavy metal era 1t was held that the heynote
for successful treatment of the various mansfestations of cardiovascular
syphabis lay m the o ability to individualize the type and in
tensity of therapy to surt the needs of each patient Preparatory treat
ment with 1odides and hismuth or mercury were recommended even m

licated aortstis b of the bility of severe or even fatal

therapeutic shock effect of is on cl 1} ble coronary
artery involvement In patients with aneurysm or aortie regurgitation
the approach was aften even more conservative It was held that of suff
aent cardiac reserve could not be blished by the pr y treat
ment 1t mght not be possible to use an arsemcal at all except perhaps
m the form of small doses of bismuth arsphenanune sulfonate (Bis
marsen®) In retrospect 1t must be remembered that the dangers proba
bly lay not only in the § hility of prod z severe therapeutic shock
but also in the vasculotoxic properties of the arsemcals

Today although every consideration must be given to the cardiac and
general physical status of the patient ene can generalize about pemalin
dosage n all forms and stages of syphilitic cardiovascular disease Except
m an equvocal sttuation where coronary ostial mvolvement or extremely
thn walled aneurysm 15 known to exist pemciin may be started 1n full
dosage from the start Many wall argue that even these exceptions do not
eust Pemallin 15 given as the prol d actiol m
dosage of 600 000 umtis daily to a total of ten to fx{teen rulhion or maore
umts

Reversal of the Serologlc Tesis for Syphilis The blood serclogic test
for syphilis should not be used as & gauge of arrest or progression in
cardiovascular syphilis ' While 1t 15 desirable to reverse the blood serologie
test for syphilis especially m the earlier cases it 15 not jushifiable to
overtreat the patient i the effort to secure an often unattainable nega
tve serologe test for syphihis

Surgical Pr f) for the ¥r of Aneurysm Recent improve
wments and nnovations 1 cardiovascular surgery have mcluded techmics
for red g or el mg lar aneurysms Winng of well defined

aneurysms of the aorta and larger vessels 1s a palhative procedure which
may afford the patient considerable relief from pamn and prownide protec
tion from wnminent rupture2® A pack method of mtrasaccular warsng
w which 100 to 500 feet of stamless steel wire 15 mserted 1n ancurysms
of the aortic arch will result in thrombosss and often prevent further
dilatation 3¢ In swtable cases of aneurysms and vestoration of




204 CARDIOVASCULAR DISEASE

continity by means of aortic hemografts have been successfully per
formed When possible this may be the procedure of chorce 3t

Syphilitic Myocarditls Recent studies have demonstrated clear cut
electrocardiographe evidence of myocardial invasion 1n approximately
fifty per cent of patients with primary and secondary syphilis The great
majonty of these respond completely to routine pemcillin therapy 3

Peripheral Vascular Disease Accompanying Syphilis 1t 1s out of the
ordinary to see peripheral vascular disease 1n patients with syphihs exhiit
more than equivocal therapeutic results It 1s true however, that hyper
tension 1n the syphilitic patient sometimes undergoes marked and appar
ently lasting reductions under treatment Since the nature of essential
hypertension 15 so much 1n dispute, and apparently so rarely syphilitic,
the source of these good effects must remain 1n question In general 1t
may be said that the hypertensive patients tolerate treatment with pent
allin quite well

Endartentic processes with gangrene and examples of thromboangntis
obliterans, accompamed by positive blood serologic tests for syphilis do
not furmsh a very satisfying field for syphilotherapy Almost any form
of treatment may produce a transient improvement perhaps nonspecific in
ongm, only to be followed by relapse and progression on which further
treatment for syphilis has httle or no mfluence There are however no
actual contramdications to an mntelligently directed therapeutic test of
the serologic test for syphilis 1s positive

Effects of Treatment A valid statistical apprasal of the value of antt
syphilitic treatment 1 the various stages and degrees of cardiovaseular
syphilis has always been extremely difficult There are so many varables
wncludig among others the problem of making the diagnosis of uncom
phicated syphihitic aortitis the difficulty of defining adequate treatment
n the prepemaillin era the compilation of reliable data on a sigmificant
number of untreated or very little treated control series of patients, the
comncidence of other forms of tertiary syphilis such as neurosyphilis, an
the lack of patient cooperation for prolonged periods of observaton
that avarlable statistics are subject to enticism on these and other bases
It 15 hoped that more reliable mformation on the effect of penscitln m this
form of syphihs may be compiled 1n the future

The Cooperatve Clinical Group’s statistical survey®s of cardiovascular
syphilis companng treated vs nontreated patients 1s quoted from, PRt
manly because 1t 15 based on a large series (619 patients)

In uncomphicated syphiliic aortitis the average duration of life 25
increased from thirty four to eighty five months 1n patients who had re
cenved thirteen or more mnjections of an arsemcal plus intermm hea¥y
metal after the diagnosis was made sixty three per cent of pabents who
recewed adequate treatment were living and symptom free wth no P
gression of the cardiovascular condition at the time of study as compar
to forty nime per cent of those who receved madequate treatment .

In patients with syphilitic aortic regurgitation the average duration ©
hife was mereased from forty to fifty five months with adequate treatmen®
after diagnosis was made symptomatic relef was obtmned m S%tY
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per cent of patients who recewved adequate treatment In the group with
saccular aneurysm the average duration of life after detection of the
aneurysm was thirty seven months in patients who had madequate treat
ment and this was increased to seventy five months 1n patients who re
cetved adequate treatment

Barnett and Small in a careful statistical analysis3® of 334 patients
with syphilitic acrtic regurgitation or saccular aneurysm concluded that
the effectiveness of specific treatment defimtely declines as the disease
advances ‘They also found that the mortahty was seventeen per cent
higher n therr poorly treated patients than mn a comparable group who
received much’ treatment

Preventive Aspects The treatment of cardiovascular syphilis like that
of neurosyphilis 1s undertahen years too late Unfortunately the diag
nosis of early cardiovascular syphilis 1s not easy to make and many cases
g0 unrecogmzed until they have progressed to the stage of aortic regurg:
tation or aneurysm One aid to the prevention of serious cardiovascular
syphilis 1s tion of early licated syphilitic aortitts by mamn
taiming a high 1ndex of suspicion and entically evaluating each patient by
means of diagnostic critena such as outhned by Moore Danglade and
Resinger 3¢ There 1s no certainty that modern treatment pushed to its
utmost can prevent the progress of the disease even at this early stage
for examples of progression were seen in the prepemcilhn era mn spite of
treatment

The hope 1s cherished that 1dentification of a syphilitic infection 1n the
early or even the latent stage and 1ts treatment with an adequate course
of pemerllin will protect the patient from syphhitic cardiovascular disease
It 1s now within the province of the practicing physician who sees the
patient when he presents himself with a chancre or secondary eruption
to prevent the relatively discouraging situation with respect to cardio
vascular syphilis from ever ansing That adequate treatment of the pa
tient with early syphihs 1s 1n fact a protection in later hfe 1s shown by
the fact that in the Cooperafive Chnical Group matenal ® of 333 patients
who recerved adequate and regular treatment durng the early stages and
who were followed for from three to twenty years not one developed any
of the graver forms of cardiovascular syphiis By the intelligent use of
pemcillin during the early nfectious stages and adequate posttreatment
follow up examinations of the patient the practitioner may attack cardio
vascular syphilis at its root The rational approach to cardiovascular
syphilis today 1s the intensive and thorough going treatment of primary
and secondary syphilis
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The Heart 1n Diseases of the
Endocime Glands

DISEASES OF THE PITUITARY GLAND

Pltyltary (sh is’ DI Pitvitary Dwarfism)
Destruction, remo'.al or functional nsufficiency of the prtwtary gland
15 foll d by hy of all organs and espeaally of the

thyroid suprarenals and sex glands Whule the heart participates n this
wasting process clinical evidence of cardiac weakness 1s not usually ap
parent Blood pressure may be low, normal, or mgh Tendency to hypo
tension 1s 1 general less than in primary adrenal insufficiency 1 ” Patients
with pitwtary msufficiency are however subject to attachs of extreme
weahness and low blood pressure This 1s attmbutable to inadequate
function of the adrenals resembles the crisis of Addisons disease and
may be corrected by admmstration of sodum chlonde and adrenal hor
mone Such attacks may be precipitated by unwice attempts to correct
too rapidly the concomitant hypothyroidism by admimstration of thyrod

Acromegaly and Gigantism

Eosinophile tumors of the antenior lobe of the hypophysis are usually
if not always ble for the devel t of the chincal syndrome of
galy and Jol. pitustary They produce somatic
changes with general overgrowth of all structures most obwious n bones
but affecting practically all tissues The heart may be enormously en
larged While this 1s perhaps chiefly attnibutable to the participation of
the heart m a generalized hypertrophy there are many cases in which the
enlargement 1s out of proportion to that observed in other structures One
contnbutory factor may be hyperthyroidism which has been noted in
approxmmately 50 per cent of acromegahcs Dhabetes a frequent con
comitant may predispose to coronary disease Changes mn the vascular
system may be evident early Blood pressure 15 varable 1n some cases
being as low as 100 or less while mn others 1t has exceeded 200 mm Hg
Size of some lic hearts 1s Zondek? observed radio
grams of the heart with transverse diameters from 15 to 176 cm In
Lewis patient* a man 188 meters (6 feet 2 inches) mn height weighing
1134 Lg (250 pounds) the heart weighed 620 Gm Kraus® studied a man
178 meters (5 feet 10 inches) 1n height whose heart weighed 950 Gm
207
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The largest heart 1n an acromegalic weighed 1295 Gm and was reported
by Humphry and Dixon 8 Most remarkable of all reported cases was a
man studied by Oshorne? over a period of approxumately six years At
the time of hus death he was forty eight years of age His height was 175
meters (5 feet 9 inches), and 1t was estimated that he weighed approxt
mately 13608 kg (300 pounds) He died of syncope in a manner de
scribed by Marte as typical of death in acromegaly The heart was enor
mous It weighed 1163 Gm (2 pounds 9 ounces) and measured 038
meters (15 inches) i 1its greatest circumference The wall of the nght
ventnicle was 9 mm (34 inch) 1n thickness, while that of the left ventnt
cle measured 21 mm (7% inch) Valves were normal except for shight
thickeming at the edges of the aortic cusps The wall of the aorta wnas
not diseased The coronanes, although nowhere occluded, were so en
larged as to admit an ordinary lead pencil to thewr mouths It could not
be stated with certamty whether hyperthyroxdism had contributed to the
enormous cardiac hypertrophy The thyroid gland, however was en
larged and there was in the upper mediastinum an accessory thyrod
which was thought to be hyperplastic That the enlargement of the heart
was not due entirely to secondary factors such as hyperthyrodism 18
mdicated by the fact that the weight of the liver and of the kidneys »as
mwore than twice the average normal

Heart failure 1s not infrequent 1n acromegaly It was noted in eighteen
of twenty four cases collected by Mason,* six of his patients died from ths
cause In twenty one cases reviewed by Hejtmanaikh and s associates,?
thirteen had clinical evidence of heart disease, five were frankly decompen
sated, two had episodes of left ventricular failure mne of fifteen had ab
normal electrocardiographic tracings, and mpared mtravenircular con
duction was found 1n six  Laterature concerming the heart m acromegly
has been reviewed by Houssay and Houssay 10

In the early stages of preadolescent pitwitary giganhism there may
be extraordinary strength and vigor Later most mants become piafully
weak with edema of the extremties and other evidences of circulatory
wsufficiency 1112 The exact status of these cases has been madequately
analyzed The enlargement of the heart bears 2 normal relationship ©
body size 13 When one considers the enormous food requirement of som®
of the larger giants 1t seems not unhhely that vitamin B deficiency may
at times contribute to circulatory failure

Pitultary Basophilism {Cushing's Syndrome)

Cushing!# was responsible for the discovery that tumors of the pasophile
cells of the pitwitary gland are not mfrequently accompamed by <ymf
toms which include obesity of face, neck and trunk hirsutism wasting of
muscles decaleification of bones polycythema, hypertenston mpotence w
men, amenorrhea i women, and not mfrequently glycosuria or even frank
diabetes Later studies have shown that while 1n these cases the priwmtary
gland 1s usually structurally abnormal the syndrome 1¢ chiefly attributable
to disease of the adrenal cortex with disturbance to be regarded as secon!
ary 1n prtwitary, hypothalamus thymus and gonads Circulatory disturb
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ances referable to Cushing s syndrome will be discussed under the section
devoted to d of the sup 1 glands

DISEASES OF THE PARATHYROID GLANDS

General Considerations Diseases of the parathyroid glands present
problems of great nterest because of accompanying variation 1 calcium
content of serum and because of the known physiologic effect of calcium
concentration upon contractility of cardiac muscle

Under normal conditions calcium 1s maintained 1 serum with con
stancy at a concentration of approumately 10 0 to 11 0 mg per 100 m! In
hypoparathyroidism following the removal or destruction of the gland the
serum calcium may be reduced to a level as low as 4 0 mg per 100 ml the
reduction bemng chiefly if not entirely mn the fraction which may be con
sidered physiologcally active On the other hand 1n hyperparathyroidism
which accompantes hyperplasia or adenomas of the gland the calcum
level has been recorded as high as 29 4 mg per 100 ml of serum Again this
extraordinary increase cannot be ascribed to a greater concentration of
protemn or of other factors binding calcium 1n an 1nactive form but must be
attnibuted to an increase 1n the physiologically active fraction

'The effect of varying calcium concentrations upon carchac function has
been extensively studied In perfusion experiments 1t has been found that
the of cal n the cireul d 15 y for the
contraction of cardiac muscle A frog s heart perfused with sodium chlo
nde solution soon ceases to beat but can be restored by the addition of
caleum and potassium to the perfusion fluid  On the other hand calcium
salts themselves are toxic when their concentration 1s unduly mncreased or
when they are not properly counterbalanced by sodium and potassium
Withmn certain ranges the 1solated heart of the frog 1s extremely sensitive
to relatively small changes mn calcium content of the nutrient fltud In
deed the response 1s so delicate that the frog heart preparation has been
used as a means of estimating physiological vanations m the 1onized cal
cium of serum and other body fluuds 15 In the perfused rabbit heart 1t has
been shown that shght vanations n the calerum concentration of the per
fused fluid produce notable changes mn the force and duration of systole

Hypoparathyroidism

From these experimental observations 1t might be anticipated that the
heart would be notably affected by the reduction m serum calcium which
accompames hypoparathyroid tetany Actually the clinical mamifestations
of functional cardiac changes have not been obtrusive During the fre
quently long course of the disease pulse blood pressure and circulation
are usually maintamed at essentially normal levels The electrocardio
gram however has revealed changes which are worthy of note and which
are m general simular to those which have been observed 1n experimental
ammals 1617 Particularly notable has been the prolongation of systole 13
which i some cases may be extreme Skouges!® case a patient with
thyrotoxicosis had a @ T interval of 0 37 before thyroidectomy ‘Tetany
developed immediately after the operation and was persistent There was
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a progressive prolongation of the Q T 1nterval, which three months after
the onset of tetany was 062 seconds Marzahn?021 observed a patient
with postoperatve tetany i whom the systole was prolonged to 048
seconds Restoration of normal serum calaium by means of dihydrotachy
sterol resulted 1n systoles of normal duration 22

During severer attacks of tetany the arculatory changes may be con
sidered a consequence of muscular exertion and do not differ matenally
from those observed 1n other spasmodic or convulsive states In chuldren,
however, sudden death has rarely occurred durng sustaned paroxysm and
has been attributed to spasm of the cardiac muscle

Hyperparathyroldism

Shortly after the mtroduction of parathormone 1its effect on the heart
and cireulation was thoroughly studied by Edwards and Page "3 To doss
they administered from twenty to fifty Collip umts at intervals of two
to four hours The total amount mjected varied between thirteen and
forty units per kg of body weight and resulted 1n an elevation of serum
calerum from normal to values between 15 and 22 mg per 100 m! Dunng
the early stages of the experiment the heart rate was increased shightly
Later there was slowing and usually a marhed arrhythmia with premature
beats and shifting of the pacemaker function There were, however no

tant ch n the elect g In some records the P waves
underwent progressive increase m height during the period of treatment
Direct observations on the heart displayed dilatation of the nght aunde
and 1t was thought that the change m P waves might have resulted from
a greater activity of a shghtly stretched auricle There were also changes
n the amplitude and direction of the T waves The changes 1n cardiat
function following overdosage with parathyreid extract were compared
with those found after injection of large amounts of calcum salts Wi
the conclusion that the effects produced were similar 1f not 1dentrcal

In chmeal hyperparathyroidism there are usually no signs or symptors
of heart disease Hypercalcemia mamfests itself in the electrocardiogra™®
by a shortening of the Q T interval and a consequent shortening ot ven
tricular systole although the length may still be within normal lnuts

Many cases of hyperparathyroidism are complieated by ilateral neph
rolithiasis which may eventually lead to pyelonephritis hypertension an
circulatory msufficiency 16 17

HYPOTHYROIDISM (MYXEDEMA HEART)

Active nterest m the heart in myxedema started with the report of
Zondek 1 191824 In a study of four advanced cases he demonstrate
that both the nght and left chambers of the heart might be greatly d!
lated, that the cardiac action was slow and mndolent with normal Plood
pressure and that the electrocardiograph revealed charactersstic and sinb
ing changes He showed further that these evidences of cardiac mvolve:
ment could be modified or even reversed by effective treatment wit
thyroid 'To designate this climcal condition he introduced the ter®
‘myxedema heart”
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Zondek s observations were repeatedly confirmed”s ¢27 and led to
clinical and expermmental studies which established the sigmficant effects
of prolonged hypothyrordism upon the heart and circulation

Pathology At autopsy some degree of dilatation or hypertrophy of the
heart has usually been demonstrable Of the twenty autopsied cases collected
by the Clinical Society of London 28 one thurd revealed thichemng of the
muscle of the left side of the heart In nine autopstes studied by Means ¢
a pseudohypertrophy possibly due to swelling of muscle fibers was grossly
evident 1n several It has been suggested by many observers that the
changes n the heart may be attributed to an edematous condition of the
cardiac muscle similar to that seen m other tissues of myzedematous
patients Microscopically however a vamety of pathological changes has
been described 3 Among these are destruction of muscle fibers thicken
mg of the leaflets of the aortic valve and lations of a |
matenal which has an affimity for hematoxylin but which does not display
the staimng charactenstics of the myxedematous infiltration found 1n the
Skul 31

In thyroidectomized ammals hearts have been shown to be dilated
pale and flabby Microscopieslly there has been a decrease m the number
of muscle fibers with d tion and d of lear sar
coplasm m some of those which reman? Simpson 3 found that early
thyroidectomy n sheep presented abnormal development of the sarco
plasm Edema has been shown not only by the gross appearance of the
muscle 1tself but also by measurements of actual water content 3¢

Our knowledge of the exact pathologic change n the heart in myxedema
and of the true nature of Zondek s so called myxedema heart has been
greatly handicapped by paucty of autopsy examinations of completely
unfreated subjects Brewer3! recently reported an autopsy of a man of
muddle age who had never received treatment for an advanced myxedema
There was some fluid 1n the pencardium The left ventricle was moderately
enlarged Patchy atherosclerosis was seen i the coronary artemes and
throughout the course of the aorta and 1ts mamn branches Microscoprcally
there was some fibrosis as well as amorphous basophilic infiltration of
muscle fibers

Effusion into the pericardium has been found both m autopsied cases
of myvedema and m experimental hypothyrordism 3 3435 This may be
accompamed by asaites and by pleural effuston Means ® states that i
his expenence the serous cavities of untreated cases mvanably contained
flwd 1In one of the d cases of the M: Js General Hospital
there were 3000 c¢ of serous flud 1n the peritoneal cavity 1500 cc 1n the

two pleural spaces and 1000 cc 1n the pericardial sac
The question has often been asked whether Zondek s diffusely enlarged
heart that attamed normal size so readily after thyroid therapy might 1n
reality represent massive pericardial effusion The cases 1n which this
hypothests has been tested have not been numerous

Kern and hus associates?s in 1949 were able to collect twenty one cases
m which great enlargement of the heart shadow had been noted and
rysedema heart of Zondek had been suspected In all the subjects pen
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cardial tap revealed massive effusion Kern himself was able to demon
strate pericardial effusion in four consecutive patients having myxedema
even when toentgenologic findings were not suggestive of the presence of
cardiac enlargement and m the absence of any signs of congestive failure
He and his associates expressed the belief that pericardial effusion 1s an
early and constant factor in myxedema and a major factor 1n the explana
tion of the so called myxedema heart They think also that the electro
cardiographic changes formerly explained as due to myocardal weakness
can better be attnibuted to a blanketing effect of the flmd 1n the pencardial
sac
Lestons of the arteries have been frequently demonstrated Atheroma
was apparent 1n more than half of the twenty autopsied cases of the
Chimcal Society of London 28 although 1n only rare mstances was the con
dition advanced Sclerosis of aorta, coronaries and other arteries was
shown 1n the early studies of von Eiselberg 3¢ Pick and Pinele<37 found
simlar changes following thyroidectomy n young goats The ydea that
hypothyroidism should contribute to premature and extensie arterio
sclerosts derives support from the hypercholesterolemia, which 15 a fre
quent accompamment and from an apparently greater incidence of angina
pectoris Autopsy examinations on untreated cases have been msufficient
to estabhsh such a relationship Blumgart and his associates reported
therr experiences with patients seen at intervals after therapeutic thy
roidectormes or other measures mtended to produce complete bypothy
roidism they were not impressed that the tendency to atherosclerosis
had been exaggerated In five patients surviving from three to eleven years
m the hypothyroid state careful studies revealed mimmal or no coronary
atheroma
As early as 1908 Saltyhow?? suggested that the artenal Jesion of myxe
dema resembled medial necrosts This 1dea has recewved support from the
demonstrations by Kountz and Hemplemann10 of spontaneous aortic TUP
ture 1n three cases in which complete thyroidectomy had been performe
dunng the course of malignant hypertension Examumation revealed aortic
lesions apparently 1dentical fo the cystic medial necrosis of Erdhem “
Exactly similar lesions have been noted m a severely myzedematous pa
tient who had dunng hfe no evidence of hypertension 42
Climical Manifestations Functonal Disturbances In the mysedem?
tous state, 1t has been shown that the velocity of blood flow 18 dunmshed
and that the cardiac output per minute and per beat 1s decreased Studses
of -artenovenous vxygen differences have-revealed that the circulation rate
15 less than could be accounted for by the lower oxygen requirements ©
the tissues
Enlargement of the Hearf The size of the heart shadow m the tele
roent, 15 4 1n most myxedematous patients Of forty
eight cases studied by Lerman Clark and Means 44 43 thirty four showed 2
transverse diameter of the heart which exceeded by 1 cm or moré one
half the diameter of the chest n twenty two the transverse measuren‘mﬂt
was 5 cm or more 1n excess of half the chest diameter
The cause of the enlargement 1s still a subject of dispute That 1
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not due to hypertrophy of the cardiac \? 15 clearly indicated by
the rapidity with which the size of the heart decreases during treatment
The most obvious explanation would be that the heart, lihe other tissues
contains an increased amount of interstitial lud Pathologically, how
ever the extent of demonstrable edema of cardiac muscle does not readily
account for the climical observations IDilatation of some degree has usu
ally been assumed and has been di trated 1n many aut d cases
and 1n the hearts of thyroidectomized amimals 28 Gordon®® has suggested
that the supposed enlargement of the heart 1s attnbutable to accumula
tion of flurd 1n the per d He )s d that the app of
the roentgenographic shadow of the myxedema heart of Zondek closely
resembles that of pericardial effusion also that fluoroscopically the heart
borders move sluggishly in both condittons Fahr has stressed as possibly
the only pomnt in differential diagnosis that the diameter at the base of
the heart 1s much narrower m myxedema than 1t 1s 1 the presence of
massive pericardial effusion  Unfortunately 1n some cases?® of myxedema
with excessive accumulation of flurd in the pericardium this differentiat
mg sign has been absent In dering the labl d certamn
facts must be emphasized (1) That pencardial flud has been demon
strated climically 1n a number of cases of advanced hypothyrotdism 4647
4849 (2) that some degree of accumulation of fluid in the perrcardium of
autopsied cases has been an extremely common finding and (3) that in
most of the clinical cases of gross enlargement of the heart 1n myxedema
the possibility of pericardial fluid has not been entirely excluded
Clinical evidence indicates that great enlargement of the cardiac shadow
15 encountered only after a patient has been 1n a hypothyroid state for
several years 'The degree of phystcal activity and of other factors of strain
such as hypertension are no doubt contributory Zondeks © German
officer was shot through the thyroid gland m 1914 Three years elapsed
after the destruction of the gland before severe signs of cardiac mnvolve
ment developed Fahr5! observed a patient who had been successfully
treated for myxedema but who had discontinued therapy Eight months
were required before an enlargement of 3 ¢cm 1n the transverse diameter
of the heart could be demonstrated
Cardige Decompensation In the hierature there 1s no agreement as to

the ncidence of congestive heart fmlure Of 162 cases of myxedema
studied by Willus and Hames %2 91 per cent were said to be free
of subjective or objective signs of orgamic cardiovascular disease In the
remammg 9 per cent the lesions were accounted for by etiological fac
tors other than myxedema On the other hand Fahr45 in a study of
seventeen cases found five with evidence of serious heart failure while
eight others showed dyspnea, pitting edema reduction 1n wital capacity
rales at the pulmonary bases and some degree of dilatation of the heart
It 15 difficult indeed to explan such varied expenence Most observers
agree that extreme degrees of di 10n are except
when other orgamc heart disease 1s present as a complication White 3
states that he has never seen congestive fallure as a cause of death in
myxedema
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Anglna Pectorls The association of precordial pain with myxedema
was noted as early as 1914 by Hertoghe54 and was mentioned by Zon
dek3? 1n his onginal account of the myxedema heart 1n 1918 Characier
1stic angina pectors was reported by Laubry-5 n 1924 Although com
plaint of precordial aching 1s not uncommon the ncidence of severe pamn
appears to be quite rare  Willius and Hames 2 1n their 162 cases of high
grade myxedema mention only one 1n whom twinges of pam followed the
full use of thyroid Lerman, Means and Clark#4 saw one case of angna
i exghteen patients while others+8 +7 +8 make no mention of the symptom

Hypertension Zondek 1 his onginal description of the myxedema
heart specifically mentions the normal blood pressure accompanying the
cardiac enlargement Actually hypertension 1s by no means rare Among
ninety cases studied by Froment and Jeune 5% twenty two showed pres
sures above normal fifty mne were within normal humts and only mne
revealed hypotension In Means -2 forty eight patients the blood pressure
before treatment varied from 88/64 to 190/130 In the fatal case of
Lenegre and Fleurots® the blood pressure was 220/110 Thompson and his
coworkersS! have presented evidence that the incidence of hypertension 15
greater 1n successfully treated myxedematous patients than i1t 1512 the
general population

Cardiac Irregularities Sluggish heart action with slow pulse 15 appar
ent 1n most well advanced cases of hypothyroidism In some patients with
low metabohism however, the heart rate may be accelerated Auncular
fibnllation 1s rare® 364 Gardner® mn a smgle case noted pertods of
auricular flutter with arborization block Nodal paroxysmal tachycardia
alternating with sinus bradycardia was reported by Lisser and Ander
son ¢ Paroxysmal auncular tachycardia has also been noted 6* Tnereased
aunicular ventricular conduction time 1s not sery uncommon 6267 A hugh
degree of partial heart block was reported by Luten 68

Electrocardiographic Changes Some degree of abnormality 1 the elec
trocardiogram 1s extremely common n myxedema and 1n cretinism Fro
ment and Jeune ® found pathological changes 1n 106 of 163 cases, Ohler
and AbramsonS 1 thirteen of twenty one cases while Lerman Clark,
and Means®3 found abnormalities 1n all of their patients with well devel
oped myxedema The most constant feature 15 a flattemng or version
of the T waves particularly 1n Lead II This may be accompanied by
abnormal awis deviation by a diminution mn the amplitude of the QR:
complexes and by small P waves Such changes are observed m many
cases of hypothyroidism 1n which thorough climeal and radiographtc €
amnation reveals no cardiac abnormality The exact cause of the electro
cardiographic changes 1s not clear The suggestion that they might be
due to the altered r e of myxed. skin has not been St
stantiated That they are not attbutable directly to the decreased T8t

of cudation 15 shown by the work of Reid and Kenway ¢ who found 7
abnormalities in the electrocardiograms of persons having low metabolisT
without myxedema

Treatment If a patient has not been foo long neglected and if thelre
are no serious complicating artenal lesions, treatment may be extremely
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satisfactory Digitalis has been notably unsuccessful 1n reheving failure of
myxedematous hearts Thyroid on the other hand accomplishes 1n most
cases prompt and often dramatic improvement

Following thyroid medication the sounds of the heart gradually be
come more audible and the pulse rate mcreases As the basal metabo
Lism returns to normal the output of the heart per beat and per mmnute
18 mncreased and the veloaity of blood flow 1s augmented 43

The size of the heart shadow dimmshes The degree of change varies
but may be very great In one of Fahr's cases there was a shrinhage of
63 cm 1n the transverse diameter over a period of seven weehs Ten of
Lerman s#t twelve patients extubited progressive decrease mn cardiac meas
urements, reaching & maximum 1n periods varying from three weeks to
s1x months

Diminution m the abnormalities of the elect: d 13 t
in almost all treated cases and may develop rapidly Flat or inverted
T waves become normal in appearance the amplitude of the QRS com
plex 15 1ncreased and the P waves become normal or 1n some cases unusu
ally prominent

The effect of thyroid medication on the level of bload pressure cannot
be predicted Changes were noted m thirty seven of Means 29 forty eight
cases In twenty of them the systolic pressure dropped 10 mm or more
while 1n eleven cases 1t rose 10 mm or more Varable changes were also
noted mn the level of diastolic pressure In most of the patients there was
slight increase in pulse pressure A gratifying result of treatment has been
noted m some of the cases mn which hypertension has been a feature 70 In
Means sertes fourteen patients had high blood pressure before the mstrtu
tion of therapy In five of these the blood pressure returned to normal
while 1n six athers the level of blood pressure was lowered

Thyroid therapy has at times affected the rare cardiac irregularities of
myzedema In twoS- 6+ of three cases of auncular fibnllation the use of
thyroid without other drugs was followed by a return to normal smus
thythm Gardner s$4 auncular flutter with arborization block the nodal
tachycardia of Lisser and Anderson 8¢ and the paroxysmal auricular
tachycardia of Ohler and Al ed foll g thyrod
medication

It should be emphasized that there 1s usually no compelling reason for
rapid admimstration of thyroid m cases of myxedema Changes conse
quent to the hypothyroidism have progressed over a penod of months or
years Rapid return to a normal state may be accompamed by discomfort
and in patients who present d of cardiac d 1) or signs
of arteriosclerosis of the coronares or other vessels may be extremely
hazardous

In the rare case of cardiac failure thyroid medication by increasing
the metabolism and thereby mcreasmg the work of the heart may pre
cpitate an acute decompensation A more immmnent danger presents
1tself 1 patients whose coronary vessels are extensively diseased In 1925
Chnishian 1 reported a case of a woman of fifty years who died of coronary
mfaretion sixteen days after thyrod medication was begun  Since that
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time a number of accidents have been reported 72 78 These have been re
cently collected by Smyth 7+ It 15 notable that the accrdents have occurred
in patients past middle hife with ages runming from forty e to sicty
three In these cases the coronary attacks have occurred under crcum
stances which suggest a causal relationship rather than mere concdence

In the treatment of most cases of myxedema and especially of those cis
covered 1n later life or exhibiting signs of cardiac mvolvement or arteno
scleros:s the imtial dose of thyroid should not be greater than 006 Gm
(1 gram) per day Correction of hypothyroidism results in mncreased
oxidative rate and greater work of the heart The possible deletersous
effect of this change should be mmmmzed by restriction of the patient’s
actvity during the early period of treatment This may be cautiously
increased as the tolerance and requirements of the patient become appar
ent When myxedema 1s accompanted by cardsac disease the patient
should be resting and under constant and detaled observation If durmng
the period of readjustment there 15 any evidence of cardiac difficulty, the
medication should be withdrawn for several days and then resumed 1
smaller dosage

DISEASES OF THE SUPRARENAL GLANDS

Addison's Disease

A small heart and a small aorta have frequently been described 1n
Addison s disease and have been regarded as due to an atrophy secondary
to the hypotension and the mactivity enforced by the persistent weakness
and debility caused by the disease The condition of the heart was carefully
studied by Barker,”> who was able to assemble twenty one cases i which
the heart had been weighed Using the table of average normal weight with
upper and lower lumits as devised by Smuth from total body weights Barker
found that the weight of the heart was less than the average normal 1
fifteen cases and greater than the average in stx This would seem to mdt
cate that there 1s actually a specific dimmution 1n the size of the heart 28
an accompamment of Addison’s disease The deduction, however, 18 ren
dered somewhat invalid by the fact that most patients with Addson s dis
ease particularly those in whom there 15 an accompanymg tuberculosis
tend to lose large amounts of weight and that a certain amount of atrophy
of the heart may be expected from loss of weight due to any cause

Significant ab hities 1 the electrc d were tered
60 per cent of Thorn ™8 sixty four cases and 1n approxumately half of these:
were suggestive of myocardual disease The fact that over 50 per cent of the
abnormalities appeared 1n patients under the age of forty and that twenty
of thirty five were seen 1 women indicates a specsfic effect of adrenal 1
sufficiency upon the heart muscle In one of our cases of addisonian cnSS
acute but r ble changes ch, 1stic of myocardzal infarction Wer®
encountered In Thorns senes no electrocardiographic pattern could be
regarded as specific for Addison’s disease The changes were extremely
vanable neluding prolonged PR and QT intervals, low QRS voltage and
low or mverted T waves Other less frequent changes included absence ©
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the imtial upward QRS deflection 1n the chest lead, small imtial upward
QRS deflection 1n the chest lead sinus bradycardia wath a cardiac rate of
less than fifty per minute, premature ventnicular contractions and ST
segment depression of less than 1 mm

In spite of their small hearts, their elect: ;! b )}
and the dyspnea and palpitation they expenence after shght exertion
untreated patients with Addison s disease seldom 1f ever develop cardiac
decompensation  Since the introduction of adrenal hormones however and
particularly after excessive doses of desoxycorticosterone acetate or corti
sone myocardial failure has been frequently encountered The circulatory
weakness of the chronic adrenal mnsufficiency may have been a sigmficant
factor 1n 1ts development

Optimal hormonal treatment restores normal blood pressure and normal
plasma concentrations of sodium chlonde and nonprotein mitrogen  Exces
sive doses may cause sudden increases m blood volume and blood pressure
as well as abnormally high sodium and chlonde contents of serum and
mterstitial flmds It may result in cardiac dilatation pulmonary edema
penpheral edema or even sudden death McGavack? has suggested meas
urement of heart size as a means of cheching whether optimal dosage of
hormone has been exceeded

Other than mechamecal factors may contnibute to the circulatory diff
culty Excessive doses of adrenal hormone may be followed by abnormally
low concentrations of potassium at times so extreme as to lead to transient
penpheral motor paralysis The hypohalemia itself may result i wide
spread myocardial fibrosis with areas of focal necrosis in heart muscle
Sumlar changes have been seen following potassium deficient diets?7a7 ©
and after mjection of desoxy corticosterone acetate™ ¢ and have been dem
onstrated clinically 1n the case reported by Goodof and MacBryde 7¢

Sertous cardiac decompensation may result and may be accompamed by
electrocardiographic changes which perhaps mn part reflect vanations n
the concentration of potassum 8 Treatment with the hormone 1s suc
cessful 1n correcting the ele hic ch of Addi s disease
m only a few cases Seven of Iorty one patients 1n Thorn s series showed
sigmificant 1mprovement 1 the electrocardiogram durning therapy while
fourteen exhibited an mcrease 1n the number and extent of the abnormali
ties Changes attnbutable to the therapy include low voltage of QRS
waves prolongation of the PR interval prolongation of the QT interval
and T wave inversion which may resemble that of myocardial damage or
coronary 1nsufficiency

Aldosterone In Congestive Heart Failure

It 18 now known that the adrenal cortex 1s responsible for the production
of an antidiuretic hormone which may play an important role in produeing
edema of cardiac d t sa The h by which produc
tion of this hormone 15 stimulated during heart failure 1s complex and as
yet not pl d Level of ald m the blood during
early decompensatmn 15 not high but as the heart fajlure develops the
mechamsm for its production 18 dually blished With
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venous blood volume and pressure there 1s a gradual simultaneous dirninu
tion 1 effective cardiac output with decreased volume and pressure or
blood flow 1n all or 1n portions of the arterial circulation This stimulates
reflexly through a hypothalamic center the production of aldosterone-
stitmulating hormone, which m turn stimulates the adrenal cortex to pro
duce the antidiuretic hormone, aldosterone

In airculatory failure the kidney 1s already handicapped 1n its ehmma
tion of water by a decreasing glomerular filtration rate This factor may
be, however, of less importance 1n the production of edema than aldoste-
rone which augments reabsorption of sodium by the renal tubules

Cortical Tumors and Hyperplasia of the Suprarenals

Increased function of the suprarenal cortex appears now to be essential
to the development of Cushing’s syndrome Anatomcally, hyperactimty
of the gland may result from the formation of bemgn or malignant tumors
or from a sumple hyperplasia of the cortical cells The syndrome probably
results from the effect of continued excessive secretion of adrenal cortical
carbohydrate regulating hormones " Stimulation of the adrenal cortex
by the adrenal corticotrophic hormone of the pitwitary (ACTH) may
stimulate activity of the adrenal cortex but there 1s general agreement
that the physiologic changes encountered 1n Cushings disease are the
result of abnormal adrenal cortical hormone secretion and are not due to
the action of ACTH as such

Several factors in the Cushings syndrome contribute to crculatory
disturbance Hypertension both systolic and diastolic 1s usually a promt
nent feature of the disease In Raab s% sertes high blood pressure was
evident 1n twenty four of twenty six cases 1n which blood pressure read
Ings were mentioned Readings of systolic above 200 mm Hg are frequent
In autopsied cases m which the heart has been described, hypertrophy,
sometimes quite gross has been a feature Artenolar sclerosis of vessels
n many parts of the body may be extreme Death has occurred from
apoplexy 81 Presence of diabetes probably contributes to the development
of atherosclerosis although comparative studies of the precocity an
degree of atheromatous lesions 1n Cushing’s disease and appropriate con
trols are not available Some cases have been reported with elevated basal
metabolic rates but thyrotoxicosis 1s by no means a constant featuré
and hypertrophy of the heart cannot usually be attributed to assoctat
hyperthyroidism

Another factor that may contrbute to circulatory disturbance 1 Cush
ing s syndrome 1s disturbance n electrolyte equilibrium with tendency to
accumulation of sodium and consequent overhydration increases m bloo
volume and added strain upon the heart This 1s evident also s hen corticd!
hormones are given therapeutically in other conditions

Chromaffin Cell Tumors
In 1922 Labbé Tinel and Doumers- reported a case of a married \wmﬂ';
of twenty eight years who suffered from frequent paroxysmal attachs ©
Iigh blood pressure during one of which she developed a fatal pulmonary
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edema Autopsy revealed a tumor of the left adrenal gland Five years
later C H Mayo®® successfully removed an adrenal tumor from a young
woman with similar symptoms which were completely and permanently
relieved by the operation Pncofls®t 1n 1929 reported the first case 1n
which preoperative diagnosis was made
Sudden and wide fluctuations n artenal pressure are not unusual n
essential hypertension and have been noted 1n association wath a number
of pathologic conditions When however fluctuations are marked and
particularly when they are paroxysmal n character, presence of a phea
chromocytoma or tumor of adult chromaffin cells of adrenal medulla or of
some part of the sympathetic chain must be suspected 85 86
Pheochromocytoma 1s not so rare a tumor as was formerly thought
In 194087 103 cases could be collected but by 1950 the number was
increased to 27088 It has been estimated that pheochromocytoma may
be responsible for 1000 deaths 1n the Umted States each year 82 Because
of 1its usually bemgn character and because 1ts surgical removal may
::mlt 1n complete chmical cure early recognition 1s of consummate mpor
nce
Paroxysms may occur spontaneously or may be mduced by change 1n
position or temperature or by emotional stress hyperventilation physical
exertion operative procedures massage or blows to the abdomen or pam
In many cases systohic pressure has exceeded 300 and 1n one patient was
recorded at 340 mm Hg 9 Diastolic pressure 15 more vanable and even
with excessive systolic pressure may be only moderately elevated It has
however, been recorded as high as 240
In the same patient paroxysms may display great vanability they may
last for mmutes or hours Some mulder attachs pass almost unnoticed
while others are accompanted by alarming symptoms Palpitation due to
a rapid and vigorous action of the heart 1s an almost constant accompan:
ment Extremities usually become blanched cold mottled and somefimes
panful There may be nausea and vomiting violent headache and drench
mgsweats Pain i lumbar or other muscles may be distressing
Precordial pain with radiation to the neck and down the arm has been
frequently noticed If the attachs are severe or prolonged there may be
signs of cardiac incompetence with sudden engorgement of the veins of
neck enlargement of liver and pulmonary edema
'The electrocardlogmphxc changes during paroxysms have been variable
and are not suffi ly 1stic to aud m d Very high T
waves have been reported In one case there were cardiac wrregularities
at the end of attacks with short runs of auncular tachycardia ventncular
extrasystoles and ventricular tachycardia Diphasic T waves have been
observed in the first lead In another case a shift of the pacemaker from
e sin lar to the 1l ncular nodes was noted
Between attachs there may be no symptoms In the early stages of the
disease the blood pressure 1s usually :f not always normal When the con
dition lasts long enough however the pressure tends to become perma
nently elevated At times the permanent changes have been seen to
develop rather rapidly as in the case of Rabin 91 1n which 1n six months
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the blood pressure between attacks had nsen from 140780 to 210/130
Electrocardiograms which have been studied between attacks 1n about one
half of the cases are usually normal, n others, evidence of left prepon
derance, notchmg of the T waves and large T waves have been reported

Recogmition of pheochromocytoma depends i part upon pharma
cologic tests which may be classified mto two groups provocatve agents
that induce paroxysm of hypertension during normotensive nterval, and
adrenergic blocking agents that cause fall in blood pressure from 1ts parox
ysmal or sustamed high level Provocative agents have ncluded histamne,
tetraethylammontum chlornde, tetraethylammomum bromde, and metha
choline Adrenergic blocking agents have included benzodtoxane Regitine
(phentol ), and dit 8 ful use of these tests requires
many precantions and no one of them can be as yet regarded as 1nfallible

A method of diagnosis from estmation of urmnary catechols was ntro
duced by Engel and von Euler 2% Epmnephrine and other catechol dery
atives are normally excreted n urine m conjugated form Normal
output of the two substances amounts to only twenty to forty micrograms
In pheochromocytoma excretion may be ncreased ten to fifty tumes

Surgery on patients with pheochromocytomas has 1n many mstances
resulted m dramatic rehef of symptoms and restoration of health It
accompamed, however, by derable nsk  Uncontrollable hypertension
during operation has not infrequently caused death o4 This can be pre
vented by prompt use of benzodioxane or Regitine or possibly by admnis
tration of dibenamme prior to surgery Followmg removal of 2 tumor
admumstration of dilute solutions of norepiephrine epinephnne  oF
Neo synephrine may be necessary to control severe hypotension

DISEASES OF THE PANCREAS
Diabetes Mellitus

While diabetes 15 not known to affect the heart directly, 1t predisposeS
to atheroscleross, narrowing of coronary vessels hypertension, artenolar
sclerosis, and severe nephrits? that may ndurectly lead to severe heart
disease  High blood pressure may precede by several years the onset of
diabetes or m some cases develop durng 1its course Angma pector® »
frequent 989798 Coronary occlusion 1s 2 common complication and may
occur at an early age It was the cause of death i approximately 1
per cent of 139 cases at the Mayo Climc 92 In Warren's100 senes of
cases mn which necropsy was performed 16 7 per cent of 395 over the 8¢
of forty dred of coronary occlusion Such statistics do not Teveal the fre
quency of recent or healed infarctions myocardial fibrosts, or other &%
dence of coronary artery disease There 15 a sigmficantly large proportio?
of females m cases i which diabetes 1s associated with severe coronary
sclerosis Combmation of the statistics of Dry and Tessmer's ** 180
cases and Warren’s 440 cases m which sex of patients was reported i
cated that severe coronary sclerosis was found n eighty males and fifty
enght females a ratio of 14 1 This may be compared with sex naden®
of nondiabetics over the age of forty 1n which the ratio was 3 3 for women
to 1 for men
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Marked atheroma of the aorta with some dilatation occurs particularly
when diabetes 1s associated with hypertension Occlusion of arteries of
the legs also occurs with unusual frequency in cases of diabetes At the
Mayo Climec a senes of 130 necropstes on diabetic patients more than
forty years of age occlusion sufficient 1n degree to be symptomatic before
death was present mn 39 per cent Forty or fifty one such patients
also exhibited severe sclerosts of coronary arteries 98 Again the propor
tion of females was greater than 1s usually found among nondiabetic
patients A ratio of nondiabetic men to women was 77 110° while m
the diabefics 1t was only 27 1

1t also that diat ts with occl disease of arteries
of the legs have a greater incidence of gangrene and trophic ulcer than a
comparable nondiabetic group Hines!® found 68 per cent of such
lesions 1n diabetics as compared to 48 per cent of nondiabetics suf
fering from occlusive disease

In diabetes death may occur from congestive heart faillure but 1s more
frequently due to coronary occlusion

Dunng diabet di and 1ts sul with msulin
great reduction 1n concentration of serum potassxum has been noted This
has been d by electrocard tic of

potassium deficiency 103 104

Hyperinsulinism

Benign or malignant tumors or hyperplasia of the 1slands of Langerhans
may give nse to hypoglycemia which may be accompanied by symptoms
of weakness profuse sweating anxiety, famtness syncope or convul
stons 105108 Tn this syndrome the heart does not appear to be primanly
or obviously mvolved Theoretically however a continued hypoglycemia
mught tend to deplete the glycogen content of the heart muscle and thus
lead to cardiac weakness and arculatory collapse particularly m patients
who are already sub;ect to serious heart disease

In elect Muddl and Oatway197 found a depression
of the T wave 1n all of the cases of msulin shoch which they studied In
ammals with nsulin hypoglycemia Soskin Katz and Frisch!9S demon
strated inversion of T waves which did not always return to normal after
the inyection of glicose solutions Expernimentally 1t has been shown that
while the 1solated normal heart 1s capable of storing glycogen during
msulin admimistration the diabetic heart does not store 1t unless the blood
sugar 1s maintained well above the normal level 102 Death from cardiac
infarction has been reported after a rapd fall in blood sugar from the
admimistration of insulin 11 Because of this evidence there has been some
apprehension concerming the use of msulin 1n patients whose hearts are
decompensated and particularly 1n those who suffer from angina pectons
or present symptoms of coronary sclerosis Strouse and his associatest!
found that some of their patients with coronary disease experenced
ncreasing precordial distress as the diabetic state was corrected by msuhn
Joslin?% has emphasized however that many diabetic patients with incom
Detent hearts have been benefited with the cautious use of msulm Al
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observers agree that in cardiacs, great care must be exercised to avoid
hypoglycemia  The diet should be regulated gradually and nsulin should
be giwen at first in very small doses

DISEASES OF THE THYMUS

Status Thymicolymphatlcus (Lymphotism)
In 1889 Paltauf!® introduced the concept of a lymphatie constitution
haractenized ana lly by pr of the thymus gland and of the

Iymphoid tissue and at times by hypoplasia of the aorta, chmeally by
sudden death either spontaneously or from trivial causes Since that time
there has been much discussion concerming the nature of the condition and
more recently concermmng 1its existence The undoubtedly important

dicolegal ts of the pt finally led the Medical Research Coun
cil m conjunction with the Pathological Society of Great Brtan and
Ireland to appoint a commuttee for its thorough vestigation  Thexr
studues were published n 1931 by Young and Turnbull 113 The commus
sion found hittle 1f any assoctation between the weight of the thymus and
the amount of lymphord tissue 1 various parts of the body They could
d no evid of an tion between arteral hypoplasia and an
abnormally large thymus nor could they establish any valid relation of
sudden death o the size of the thymus They concluded that the s0 called
status thymicolymphaticus has no existence as a pathological entity An
iteresting sidelight upon the onigmal contention of Paltauf comes from
studies of Hammar 114 Boyd115 and others who have shown that the
thymus with malnutrition or disease tends to undergo rapid dimmnution
tn weight and that 1ts normal size can only be ascertained 1n persons who
die suddenly or after a <hort 1llness

DISEASES OF THE SEX GLANDS

Atrophy destruction or removal of the sex glands either 1 men or
women may be followed by neurocireulatory symptoms In female cas
trates and 1n women at the time of the menopause recurrent sensahons
of flushing or of suffocation palpitation and tachycardia may result ’:
sertous 1ncapactty 126 There 1s no evidence that the heart itself 18 affecte!
Instability 1s typical of the menopausal syndrome and 18 reflected 1
fluctuations of blood pressure which may vary greatly from hour 10 hout
There has been much dispute concernmg a possible etiological relﬂ"”’:
between the menopause and hypertension 117 Maranon'18 believes tha
more than 50 per cent of women at the chmacteric exhibit someé elevd
tion of blood pressure Many others have noticed a high serdence ©
hypertension It must be remembered, however, that the age of the norm?
menopause 15 also the age when arterolar changes tend to become evider
and that moderate or advanced hypertension 1s relatively frequent poth ¥
men and women during the fifth decade

Women before the age of menopause are relatwely free from cardiet

pheations of ath lerosts Statisties mdscate that m people unde;
the age of forty myocardial infarction 1s twenty five tmes as frequent ¥ :
men as 1n women 119 120 although the reason for this 1 not known Recer
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work! 1 has mdicated iff 1n lipoprotein concentration
and distnbution 1n young men and women In older men and women no
sex chff can be d trated, and the constitution of hpids n

plasma 1s altered from that seen in youth In patients who have survived
myocardial infarction the distmbution of hipoproteins 1s extremely abnor
mal 1n an exaggeration of the picture found in older men and wormen 1-2
It has been shown that this abnonmal pattern of ipid concentration and
distnibution ean be restored partially or completely to normal by the
administration of estrogens 1731241 3

Attention has been directed to a possible effect of test one propro
nate upon penpheral eirculation and upon angina pectonis 1 $1-7 Several
reports have indicated that following 1ts use anginal attacks have become
less frequent less severe and of shorter duration1 81 ® The studies of
Lesser130131 concerned forty six patients, all of whom were said to be

mproved 1In four cases this imp was substantiated by
tolerance tests Injections uf sesame o1l used as controls were without
effect The resp to has been nerther mstan

taneous nor dramatic and has become apparent only after several wmtra
muscular 1njections The mechamsm by which its possibly beneficial
effects might be actomphshed has not been established Larger series of
cases!3” 133 have permitted no conclusion concermng the benefit of the
treatment

Considerable doubt 1s thrown upon this obsen ation by a study of llpxd
concentration and distrsbution foll g the tration o,
one 134 which 1n patients who have suﬂered one or more myocardial infarc
tions exaggerates the pathologic picture and in normal mmdiiduals

pathologic ch that were p 1y not enident
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The Heart mm Hyperthyroidism

Introduction 'Thyrotoxicos:s 15 conspicuous because of 1ts influence on
the rate of the heart and many of 1ts most distressing symptoms originate
mn that organ Death when 1t occurs may be due to heart falure and
Moebius! said  Die Basedow Kranken leden und sterben durch das
Herz’ For this and many other reasons the heart in hyperthyroidism
deserves a most careful consideration

It 1s a fact that as early as 1786 Parry realized the connection
bet; cardiac symp logy and gotter, but to his muind, the heart
disease was the pnmary condition His notes published posthumously 1n
1825 1nclude a senes of eight cardiac cases in which gotter and exophthal
mos were outstanding He considered the thyroid and eye changes sec
ondary to the heart disease atself

Adlemann 3 1nn 1829 spoke of Kroptherz’ but Graves * Stohes 5 Marsh ¢
and McDonnel 7 four Enghsh observers discussing separately the same
group of cases between 1840 and 1855 were still convinced that the en
largement of the thyroid and the exophthalmes developed as a result of
the heart trouble Markham 8 1n 1858 reported “affection of the heart wmith
enlarged thyroid and thymus glands and prominence of the eyes

The Zunch surgeon Rose ® wrote a long paper 1n 1877 pointing out the
mnportance of considering the heart 1n operations on the thyroid gland
Forced respiration produced by compresston of the trachea by the enlarged
thyroid gland, he thought weakened the heart and finally caused 1t to faul
His method of treatment was to perform a prehmnary tracheotomy to
relieve the heart of this particular form of burden The classical goiter
heart of Rcse was thus mterpreted asa heart which had become enlarged
and hened purely th 1 obstruction

Moebius and practically sxmultaneously Horsley 1 and kocher!? (vide

struma cardiopathica ) and F Muller 1* recogmzed the part played in
this syndrome by the thyroid secretion but at the time no adequate
theory was produced to explan the arculatory changes Many other
wnters ed cardiac d tion 1n patients with large goiters
and most of these observations were made in the gorter regions of Smtzer
land Bavaria and the Tyrol by such men as Wolfer 13 Wette 14 Thomas
Schranz 15 and others

Finally 1n 1899 Kraus!¢ brought forth his conception of the so called

neurotic or thyrotoxic heart which 1s now the accepted one 1n spite of a

residue of confusion as to those cases which occur mn patients with obwi
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ously nontoxic goiters Lack of exact knowledge of the funchon of the
thyroid gland caused him to attempt to include abnormalities of the heart
seen 1n cases of cretimsm and hypothyroidism 1t 1s likely that authors
from gotter districts have continued to confuse cases of myxedema heart
with the heart in hyperthyroidism Even as late as 1926, European wnters!?
have thought of the cardiac disturbances in goiter as due ta pressure on the
trachea, the great vessels or the vagus and sympathetic nerves of the neck
Interest, in Amenca, 15 focused so emphatically on those thyrotoxic cases
n which pressure phenomena play little or no part, that the wnter proposes
to omut, as irrelevant, any mechamcal aspects of the enlargement of the
gland, and proceed to a description of the “thyrotovic heart ”
Tachycardia  Tachycardia 1s the outstanding cardiac sign  With the
patient at rest the heart rate often 1s as rapid as 120 to the mnute and
not infrequently 180 to 200 The tachycardia vares according to the
patient s activities although 1t continues even during sleep The degree of
tachycardia parallels 1n most cases the seventy of the disease and 2 fauly
accurate guess as to the amount of elevation of the bacal metabolic rate
can be made from the resting pulse rate It must be remembered that the
resting pulse rate varnes m different normal people from a rate of fifty o
one of eighty beats to the minute, and this same proportionate vanaton
may exist 1f hyperthyroidism develops so that the pulse rate of the first,
when doubled will be 100 while the second will rise to 160 under the in
fluence of the same degree of thyrotoxicosis
Murmurs  In the early stages of hyperthyroidism the tachycardia 15 ot
associated with cardiac enlargement, murmurs, or anv evidence of decom
pensation although extrasystohc arthythmia does occur quite frequently
Later there 15 enlargement which 1s due to dilatation with very Litle hyper
trophy With the dilatation come murmurs which are usually charactens
tic of mitral regurgitation (apical systolic murmurs), but which may even
simulate mitral stenosis* {apical presystolic murmur and thrili) 'The heart
sounds are loud and snapping the second sound increased and the apes
beat 15 forceful and abrupt At times a systolic murmur1® over the second
and third left nterspace may have a suggestive rubbing quahty and be
mncreased mtensity by pressure with the bell of the stethoscope This
type of murmur disappears after relief of thyroid tomcity The strons
possibihty emsts that this murmur may be related to dilatation of the
pulmonary conu~ which frequently 15 seen 1 fluoroscopic and x ray exam!
nations of these patients The systohie blood pressure 1s shightly raised and
the diastolic pressure lowered gwing an ncreased pulse pressure With &
bounding pulse and a wisible ncrease m the systolic excursion of the
carotid arternies Pulsation of the Liver and even of the spleen has befd
reported Dulatation of the retinal vems and pulsation of the retinal
artenes occasionally may be seen on ophthal tion

* This latter vanety of murmur was shown to me at the Mayo Cluuc by DF
Boothby 15 but several similar cases seen tn the Johns ;'Iopkms Hosputal have prove?
follow up actually to be suffenng fro

on
rheumatic mutral stenosia
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Auricvlar Fibrillation Finally, in the still later stage there appears aurnc
ular fibrillation with myocardial insufficiency, orthopnea edema enlarged
hver, anasarca and cardiac pain  Aurncular flutter heartblock and bun
dle branch bloch* are forms of arrhythmia which also are seen occastonally
Electrocardiographic studies show the presence of the arrhy thmas just men
tioned and 1n earlier cases increase mn the height of the T wave A direct
relationship betwneen the height of the T wave and the elevation of the
basal metabolic rate has been traced mn individual cases 1 but this offers
no particular help to the clinician  There may be electrocardiographic evi
dence of preponderance of one or the other ventncle usually the left

Among the cases which develop aurcular fibrillation some show signs
of congestive heart failure and others do not Hamulton- has stressed this
point and carefully descnbed the climcal picture of those with congestive
failure He pomts out that 1n his senes of fifty cases exophthalmos was
usually absent, the thyroid gland was often normal in size, and tremor and
nervousness almost never occurred In this form of
heart failure he stresses (a) Tachycardia which does not respond as well
as should be ted to lete rest and dimtalization (b) history of
unexplamed loss of about 13 6 kg (30 pcunds) (c) history of a surpns
ngly long duration of ted with gross signs of
heart failure, (d) elevated BM R ** (he states that nonthyrotoxic con
gestive heart failure cases may have a BM R of -+63 which will return to
normal when the heart failure 15 relieved)

It was pomnted out 1n 1928 3 that nodular goiter wath hyperthyrordism
made rtself he ‘ly 1 individuals past the age of forty
five In these indinduals early d tive n the myocardium
coupled with detenoration mn muscle tone from lach of active physical
traimng provided an organism which was thought to be increasingly senst
tive to thyroid secretron Similarly the average age of this sertes of Hamul
ton s cases was fifty years and most of them were female patients Thus
shight hyperthyroidism (so shght that the charactenstic chmeal signs of
exophthalmos, goiter tremor and restlessness are hardly noticeable) could
cause myocardial insufficiency 1n this group also Whatever theories may
be held about the<e cases the fact remains that the best therapeutic solu
tion hes 1n treating the hyperthyroidism For this if for no other reason
an element of latent thyrotoxicess should always be suspected m an
elderly individual who 15 suffering from congestive heart falure In the
rineteenth century 1t was fashionable to discuss these cases under the
heading of Formes Frustes and more recently cases have been described
with normal metabolic rates who obtamn symptomatic improvement from

10die medicatton or from subtotal thyrordectomy

If thyrotoxicosis 1s brought to an end successfully the heart returns to
the condition 1t presented before hyperthyroidism occurred 1f the condi

*Only one case has been reported®® in which the bundle branch bloch was
abohished by the relief of hyperthyroidism.

** The diagnosis of hyperthyroidism can never be made solely on an elevation of
the basal metabolic rate as false high readings also are often obtained when patients

are emotionally disturbed by worry anger fnght or suffer from leukemra or
malignant tumor

h
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tion runs on, death may eventuate, and 1n former days frequently resulted
from heart failure *

In cases of hyperthyroidism showing simple tachycardia the operation
for removal of part of the thyrod gland 1s followed 1n some cases by
paroxysmal auricular fibnllation, which may last an hour or two or may
goon fora day or two Such a paroxysm ustally stops spontaneously with
out harm but the wnter has seen cases i which emboli arose apparently
from the fibnllating auncles Previously 1t was thought that handling of
the thyroid gland at operation might express an unusual amount of secre
tion into the general circulation, but the surgical methods m use today
practically exclude this posstbility  As the irntability of the heart muscle
subsides after removal of the source of excess thyroxmn the auncles usually
revert spontaneously to normal contractions

In his study of cases treated at the Johns Hoplins Hospital, Andrus
noted that auricular fibnillation 1n hyperthyrordism occurred only 1n
patients over forty years of age or patients in whom the heart had suffered
previous damage such as rheumatic valvular disease The hearts of these
patients like those with nodular goiter with hyperthyroidism previously
described were less able to stand the overwork put upon the circulation in
hyperthyrordism than are normal young hearts trained to compensate for
constant excesses of physical exertion It would appear then that one
factor m the production of aurcular fibrillation 1n hyperthyrotdism 15
overwork )ust as 1 cases of hypertension or mitral stenosis

If guricular fibnillation in hyperthyroidism were purely a mamfestation
of the toxic effect of thyroxin on the heart muscle one would espect to
encounter 1t more often in the fulmmating severe cases of exophthalmic
goiter of the young rather than in the relatively mild cases scen 1 the old
As a matter of experience the reverse 15 the case In an effort to explam
this fact certamn writers have hypothesized gradual myocardial damage
oceurring from long existing mild hyperthyroidism or even from nodular
gotter without hyperthyroidism The wnter believes, rather, that a previ
ously weakened or out of traming heart by fibrillating brings to hght 2
shght hyperthyroidism which otherwise would pass as symptomless Pre
viously weakened hearts may fibrillate from the effect of mild or moderately
severe thyrotoxicosts Stroud speaks of coronary insufficiency mn mdiwvid
uals past the third decade as playing a contributing part i the production
of auncular fibrillation 1n patients with long standing rheumatic valvular
and myocardial damage This change m the efficiency of the coronary &ir
culation surely 1s an mmportant factor m the development of auricula?
fibrillation n older patients with hyperthyroidism

Nahum and Hoff 5 produced transient auncular fibnllation m four
hyperthyroid patients with myjections of acetyl B methylcholme chlonde
They postulated that during the action of a predisposing factor (E factor)
fibnllation of the auncles may be produced by superimposed vagal shimtt
lation Anoxem:a?® or anemma 7 and auricular distention®8 also may act
as predisposing factors On the other hand Surtshin and Ruchnagel !

*Dr J Schranz 1887 “Um das Herz dreht sich wm der Regel bis zuletst 419
Geschick des Kranken beim hropf das degenenete Herz bringt 1hm den
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faaled to produce fibnllation with Jarge intravenous doses of acetylcholine
or methacholine 1n fourteen of fifteen experiments on dogs rendered hyper
thyroid by feeding thyroid extract or injecting thyroxn intramuscularly
They state The findings are interpreted as indicating that no increased
cardiac sensitivity to vagus substance 1s present 1n camne expenimental
hyperthyroidism  Since, (a) the relation of age and sex to the mncidence
of auncular fibnllation 1n chimeal hyperthyroidism resembles that of age
and sex to the incidence of coronary atherosclerosis, (b) a large percentage
of patients with hyperthyroidism and auricular fibnllation show evidence
of orgamec heart disease (c) no correlation exists between the height of
the basal metabolic rate and incidence of auncular fibnllation i thyro
toucosis and 1n view of the expenmental findings presented 1t 1s sug
gested that the induction of auncular fibnllation 1n thyrotoxicosis 1s
nfluenced by increased vagal activity 1n the presence of some state inde
dent of the thyrot: Itis lated that aunicular 1scherma may
be conducive to the development of fibnllation and that coronary vascular
disease not necessarly progressive may be present and favorable to imtia
tion of the arrhythmia 1n a large fraction of the thyrotoxic patients with
fibnllation but no other evidence of orgamec heart disease ’
The early stages of hyperthyroidism are quite indefimte and for this
reason the resulting tachycardia may be indistingmshable from effort
or neur latory asthema  Estimation of the protem
bound 10dine 1n conjunction with the radioactive 10dine uptake test usually
dispells this confusion In the later stages the thyrotd factor in the cardiac
derangement 1s quite obvious although 1t 1s frequently difficult or imposst
ble to estimate accurately the degree of underlying cardiac disease which
may exist in addition
Since 1933 Levine’® has been interested in the occurrence of angma
pectoris 1n patients wath thyrotoxicosts In 1950 he reported the associa
tion of these two conditions in twenty four cases (eighteen men and six
women) In this series angina pectoris decubitus was unusually frequent
(seventy five per cent) and the attacks of pain ceased promptly after the
use of 10dine p 1 thyroid y In this group clear
cut Symptoms of thyrutoucosxs were fewer and less prominent than in
patients with thyrotoxicosis without angina They did well on treatment
and one patient remained free from attachs of heart pain for as long as
seventeen years In this group the average age was fifty four years and
n almost all cases the thyrotoxicosis had been overlooked because the
two most obvious mamfestations (enlarged thyroid gland and exophthal
mos) were either absent or He luded that when
coronary arteriosclerosis 1s present with thyrotoxicosis angma pectoris may
be brought to light or aggravated by the increased demands on the heart
From the foregoing description of the thyroid heart 1t will be seen that
1ts chief charactenstic 1s tachycardiz which may progress sooner or later
to auricular fibnllation The mechamsm producing the rapid heart rate
stull 1s not perfectly understood The older theones of cardiac embarrass
ment from mechanical pressure causing constriction of the trachea or im
pared blood flow through the cervical vessels or irntation of the cardiac
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nerves (vagus and accelerator) today have few advocates ‘What might be
thought of as subsidury circulatory changes that develop 1n hyperthy
rordism have been measured by climeal and laboratory expermments The
blood volume 15 1ncreased m hyperthyroidism and dimimsshed m hypothy
roidism 3132 the minute output of the heart 1s mereased in hyperthyrod
15m,33 3+ and the blood flow 1s accelerated 1 hyperthyroidism and sloned
1n hypothyroidism ¢ The capillanes in the skin are constantly more
dilated than 1n normal controls * and Stewart and Evans 37 in confirming
these vanous findmgs 1 eighteen hyperthyroid patients, pomted out a
lineal relationship between the rates of blood flow and basal metabolism
The blood flow changes m the shin provide for mereased heat dissipation
in hyperthyroidism and heat conservation mn myxedema 3% There 1s 2
marhed similanity of crculatory change between the so called benbert
heart and the thyroid heart and Means?? believes that a relative vitamin
B deficiency may develop in hyperthyroidism in the presence of the increase
1n metabohic demands
Newer methods of studying cardiac output, blood flow, and other dynam
1cs of circulation have been applhed to hyper and hypothyroid condi
tions ¢ Earher observations that cardiac output 18 ncreased m hyper
thyroidism even after congestive failure has developed have been confirmed
by cardiac catheterization and 1t has even been found that in some
instances not only minute output but output per beat 15 mereased  Ust
ally however cardiac output increases proportionately with pulse rate
and pulse rate with metabolic rate  Studies made 1n sixteen hyperthyrod
patients! and two treated hyperthyrord patients to measure rate of e
moval from the blood stream by the Iiver of bromsulfalein by cathetenza
tion of the hepatic vemn gave results by applymg the Fick prmnciple,
indicating that the hepatic blood flow 1s increased very shghtly 1n hyper
thyrordism and 1n some cases not at all whereas the oxygen consumption
of the lver 1s increased disproportionately * The authors speculate as to
whether this 1 oxygen with a normal blood flo¥
mught lead to anoxema of the ver cells i the central portion of the Tobule
ultimately producing cellular damage This would not, of course account
for the perportal fibrosis seen m some cases Bromsulfalemn retention ¥35
mereased 1n some cases  In these same observations the systolic and mean
blood pressures but not the diastolic pressures mn the night ventricle and
pulmonary artery were elevated, associated with an elevated pulmonary
blood flow (cardiac output) and a normal pulmonary penpheral vascular
resistance Thus a patient with thyrotoxmcos:s differs under conditions of
exercise from the normal individual 1n whom the pulmonary blood flow €an
be doubled or trebled mithout any sigmficant nse 1n pulmonary arten®
pressure
Other studies*® made on nine patients with hyperthyroidism ndicate
that none of the cerebral metabolic functions vanes significantly from the
normal 1n this disease  Cerebral blood flow and oxygen utilization remaint

m rem may cha; €3 rate
Further studies using mmproved technics which should give more at‘ﬂ; e
easurements may change these figures but 1t seems probable that the basic a
will find confirmation 4~
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unchanged m hyperthyroidism, although cerebral blood flow and oxygen
utihization had previously been shown to be lowered in myxedema The
renal blood flow 1s somenhat ncreased in hyperthyroidism and somewhat
dimimshed in hypothyroidism 44 Blood flow to the skin and muscles 1s
greatly mcreased although oxygen utihzation mn shin and muscle 1s only
moderately increased Thus the total arteriovenous oxygen d:ifference
actually represents an average of excessive rate of O, withdrawal in some
tissues (splanchnic) and a reduced rate in others (muscles and skin)
Formerly 1t was believed that blood flow to an organ was regulated to
adjust for the changing metabolic demands of that organ This theory no
longer 1s tenable We see for mstance that i hyperthyroidism the meta
bolic Ievel in the liver 15 much hgher than in other organs yet the blood
flow 1s roughly within normal imits  On the other hand the metabolic rate
1n the brain 1s not increased nor 1s the blood flow altered Penipheral blood
flow 1s greatly increased and 15 out of proportion to mncrease 1n metabolism
and renal blood flow 1s moderately increased although there 1s no evidence
of 1n renal cell bohic rate The increase 1 cardiac output 15
greater proportionately than the total metabolic rate and one important
function thus accomplished 1s to provide additionally blood flow for trans
port of body heat to the shin surface Heat regulation depends mn large
measure on neurocirculatory reflexes
From these observations one must assume that a major function of the
increased blood flow 1n hyperthyroidism which goes predominantly to the
skin and sheletal muscles, 1s to provide for heat loss through the shin
d oxygen t may be satisfied 1n the splanchme organs
for instance 1f not also 1n muscle by more complete oxygen removal from
the blood 1n passage
‘Whether mcreased blood flow to the sheletal muscles 15 a merely neces
sary by product of increase to the shin or whether as seems more hikely 1t
serves a useful function 1s not clear Muscular weakness has long been
recogmzed as part of the chinical picture of hyperthyroidism and Thorntv
showed that creatinuna 1s a constant finding 1n these cases It has been
thought16 that this abnormal loss of creatine may constitute a step m
lowermg the labile phosphate supp]y and of the storage of the hlgh energy
hate and adi tr hate
Although the mntimate action of thyroid hormone on cellular metabolism
15 not established current concepts hold that it may act by uncouphng
oxidative phosphorylation leading to meffi oxygen and
mmpaired use of energy sources mmportant for contractle processes Thus
1t 15 postulated that some such metabolic defect 1n the myocardium may
coninbute ficantly to the devel t of heart failure when 1t occurs
1n thyrotozicosis
Although no final expl 1on of these latory changes 1s at hand
they all afford proof of the increased load borne by the heart in hyper
th d The t of a more rapid flow of an increased
volume of blood by a heart whose muscle cell action 1s impaired and whose
rapid rate robs 1t of most of 1ts usual rest period duning diastole constitutes
a strain which challenges the underlying normality of the myocardium
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As throwing different light on thyroid tachycardia 1t 1s nteresting to
consider the effect of thyroid extract medication on cases of heartblock
Wills,#7 and Aub and Sternts have reported such observations and a
similar case has been studied at the Johns Hopkins Hospital Brefly the
ventncular rate 1s unaffected by large doses (18 Gm [28 grains] a day)
of thyroid extract although the body metabolism becomes elevated and
the auricular rate mncrcases as much as from 70 to 120 One must conclude
that in the human organism either ventricular heart muscle 1 less sensitive
to the direct action of thyrotd extract than 1s auricular heart muscle with
1ts delicate pacemaker or that in the intact human being tachycardia 1s
brought about through some indirect mechamism possibly mtigated
through cerebral nucler and the vagus and accelerator nerves The later
mechamsm would fit more naturally into a homeostatic device than the
former

Conversely experiments with 1solated hearts from animals which have
been rendered hyperthyroid by feeding with thyrod extract show that
these heart muscle preparations mamtamn a rapid rate of contraction, 26
to 144 beats per mimute faster than normal preparations under the same
conditions for as long as ten hours after 1solation 42

In an editorial discussion Andrus+® in reviewing the hterature says
‘ Tachycardia and increased cardiac output at rest, exaggerated by exer
tion or excitement regularly follow thyrod feeding or the injection of
thyroxin m anmals but only after a latent pertod of seven to twenty four
hours Moreover this effect may be produced n the embryo before the
heart has been mnervated or 1n the heart of one ammal transplanted mto
the neck of another when the typical effects of thyroxin are produced
the host Thyroxin has been shown to ncrease the rate of beatng of
explanted cardiac muscle cells from two day old chick embryos but only
after twelve hours contact with the tissue Tachycardia once provoked 10
the mtact ammal by thyrord feeding or thyroxn mjection, persists 11t the
1solated perfused heart and increases far more than normal on addition
of adrenahin to the perfusate The denervated heart m situ in a hyperthy
rod ammal displays an exaggerated response to exercise or mject
adrenalin

‘ The oxygen consumption of the heart lung preparation from thyroun
1zed animals 15 measurably 1ncreased as 1s the oxygen uptake of the 150
lated aurncles from thyroximzed guinea pigs It has been debated whether
the mncreased rate of oxygen lon can be ted for by the
ncreased heart rate In the heart lung preparation 1t seems that this may
be so but the oxygen consumption of the 1solated auricle 1s measurably

mncreased even though 1t fails to contract In a few instances the oxygen
consumption of that portion of the human heart dramned by the coronary
smus (left ventricle) has been estimated by cathetenzation m the presenc®
of hyperthyroidism and found not to be notably abnormal * In expen

¢ When repeated by other investigators however the Blood flow in erght
corona
cases of hyperthyrodism was found significantly 1ncreased while the arlertoveross
oxygen d constant Following effective treatment of the hy"e:!
thyroidism with 1131 the cardiac output, cardisc work coronary blood flow
myocardial oxygen consumption returned to normal 68
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mental hyperthyroidism however, 1t seems certain that the cardiac tissue
shares 1n the metabolic effect of the thyroid hormone perhaps metabolic n
nature upon the heart itself In contrast dimtropheno! which notably
stimulates metabolism, has much less influence on heart rate or none
at all”

Although the exact mechamism by which these changes are brought
about 1s still far from clear the tachycardia which 1s persistent and con
tinues dunng sleep and 1s excessive after exercise seems to be brought
about by at least two ) (a) the h neurocirculatory
mechamsm thrown into action possibly by the increased heat production
from elevated metabolic rate and (b) the direct effect of thyrod secretion
on the heart muscle cells

Dilatatian and Hypertrophy Whether or not dilatation and hypertro
phy occur 1n an uncomplicated thyrord heart 1s still a disputed question
‘Those who think that hypertrophy of the ventncles occurs can find con
firmation 1n the expeniments on laboratory ammals Cameron and Car
michael ! 1n 1921 clearly produced hypertrophy of the heart in rats by
feeding thyroid extract In 1930 Simonds and Brandesv reported their
work using dogs They found that the hypertrophy mnvolved all the cham
bers of the heart with a shightly greater proportional increase 1n the left
ventnicle Also most accounts of the postmortem findings of the thyroid
heart describe hypertrophy 1n a large number of cases and of twenty
seven thyvroid hearts studied 1n the Pathological Department of the Johns
Hopkms Hospital by McEachern and Rake ? sixteen had defimite hyper
trophy Lews ¢ reports twelve cases mn all but three of which the heart
weighed over 300 Gm (10 ounces) Means and Richardson3® also report
the necropsy findings in twelve cases Therr sertes showed but hittle hyper
trophy and no important pathological changes were found at autopsy mn
a senes of 18 dogs reported on by Rasmussen v 1n arculatory failure wath
extreme tachycardia with diminished blood pressure and low cardiac out
put as a result of chromc thyrmd intoxication

The climcal evidence 1s not clear cut Hurxthal+® made careful cardiac
measurements on thyroid patients before operation and again three months
after operation He found no contraction in the size of the heart from
which he inferred that there had been no previous enlargement He fur
ther compared 100 cases of toxic gmter with 100 cases of the nontosic type
and after making correction for the transverse diameter of the chest and
body weight he concluded that the average transverse diameter of the
heart 1n the toxic group exceeded that of the nontoxic group by only 0 49
em Friedberg and Sohval 7 (1937) reviewed the subject of cardiac hyper
trophy in Graves diseace In twenty seven fatal cases of hyperthyroidism
studied at the Mt Sinai Hospital hypertrophy was found n fourteen but
twelve of these suffered also from hypertension or severe coronary sclerosis or
established aunicular fibnllation The remammng two cases showed hyper
trophy of very shight degree 1ndependent of the vanous pathological
states just mentioned They believe that tachycardia compensates for
mcrease m mnute output of blood by the heart in hyperthyrordism and
that the output per beat 1s not d and therefore dilatation does not
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occur 1 uncomplicated cases Cardiac work 1s directly proportional, ac
cording to Starr,»$ to the pulse pressure In hyperthyroidism this 1s
increased One would think this increased cardiac work would lead to
hypertrophy, but since such 1s not the case there must be some additional
necessary factor which 1s lackimg 1n uncomplicated hyperthyroidism

IRNERPIPINNREEN] TTITTTE INEY

I T
11
B2 A Y

Hose:

Y [T N R i
oo PussRge o Dasat Mepatsn o Woany EZ2 Luads [0 TiDarpuus (3 Qo hands Sl

FIGURE 1 Case 1 Following the partial lobectomy the patrent wmsisted on
returning home before the auricular fibnllation had been interrupted During
the thirteen months at home on digitalis under the direction of his local
physician he continued to fibnllate and gradually went downhill During s
second stay at the hospital on rest digitahis and quimdine he excreted 15 k&
(33 pounds) of fimd 1 eight days and reverted to normal rhythm on the
eighth day “Smce September 12 1928 he has done full manual labor as a track
man on the rairoad without the loss of a single day from sickness and without
taking either digitahs or quinidine (Thomas Bull Johns Hophins Hosp)

When congestive failure exsts, from whatever combination of causes
dilatation of the ventnicles oceurs and this dilatation may disappear €t
tirely when the hyperthyroidism has been allayed The following case lus
trates this statement

Case 1 Mr G aged forty four years Occupation Railway track laborer
Admutted to the Church Home and Infirmary ]gecember 30 326

Nervousness and prominence of the eyes had been first noticed about four
teen months before admssion Five months previous fo admission (March
1926) a local pt had d i hus case as exophthalmic goter but he
wag given no treatment In April he suddenly lost hus voice and this condition
lasted three months after which 1t gradually disappeared During the sumimer
months the nervousness increased and he had several attachs of diarrhea His
wife noticed that hus appetite was abnormally good but that he was becoming
tremulous  About seven weeks before admission dyspnea orthopnea and
palpitation became very marked and there was some cough and shight seetling
of the ankles There was no past history of tonsillitis chorea rheumabism or
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symptoms suggesting syphilis the only previous illness being typhoid fever mn
1916

Physical examination A well-developed man of forty four years weighing
727 kg (160 pounds) He was very restless although not apprehensive His
skin was flushed and moist There was an extreme degree of exophthalmos of
both eyes which had resulted 1n an y d. of the 1vag
The thyrotd was diffusely enlarged rather soft in consistence with no thrills or
bruits  Cardiac dulness measured 5 cm. to the right of the mudline and about
9 cm to the left. The sounds at the apex were quute wregular (108 to the
munute) and a systohc murmur was heard The sounds at the base were
wregular no murmurs There was a pulse deficit of seventeen beats to the
rmnute Blood pressure 150/70 Lungs clear no rales at the bases Liver not
felt. Marked tremor of the extended fingers Slight edema of the ankles

Basal metabolic rate minety five per cent above the average normal for his
size age and sex (December 31 1926) Urine Aad 1020 Alb + Sug 0
Micro Normal Hemoglobin runety five per cent

Course 1n hospital Digitalis therapy was instituted and Lugols solution
06 ce. (10 mimms) ti1d was given. Marked symptomatic improvement took
place with a corresponding fall 1n the basal metabolic rate to +32 on January 6
(weight 70 kg [154 pounds]) and to +14 on January 11 (weight 718 kg
[158 pounds]) On January 14 a subtotal thyroidectomy was performed by
Dr W F Rienhoff Jr without altering the patients condition to any extent
The Lugol s solution was discontinued (as 1s our usual procedure) and eleven
days after the operation the BM R was 435 per cent. Auricular fibrillation
persisted but the patient was forced to return to lus home 1n West Virgima on
January 26 From the history of his symptoms during the next twelve and
one-half months 1t seems evident that aurnicular fibnillation persisted unnter
ruptedly He took tincture of digitalis under the direction of his local phys:
can In May he resumed his work but he could not do more than pump the
handcar out to work and he often became short of breath He was somewhat
better duning July but 1n Angust he began to get nervous and run-down and
could not walk 300 yards without breathlessness He rested durmg September
and improved slightly but could only perform an cccasional days work
during October November and December Some time about the muddle of
December his condition began to go downhill and in February he noticed a
good deal of swelling of the legs

On his return to the hospital February 15 1928 he presented the picture of
severe cardiac decompensation with auricular fibnllation cardiac dulness 4 em
to the right and 19 cm. to the Jeft 1n the sixth mntercostal space Blood pressure
112/85 As the time the patient could stay in the hospital was exiremely
lumited digitalis and quimidine therapy were started simultaneously and eight
days later dunng which time he had lost 15 kg (33 pounds) the hver had
become normal 1n size and the pulse regular 1n force and rhythm During
the following week he continued to excrete the edematous flmd until at the
end of fourteen days admssion he had lost 19 kg (42 pounds) Aurrcular
fibrillation reappeared when the dose of quumdine was reduced but normal
thythm was permanently restored by adding a dose of quumdine at rudmght.
‘The patient was discharged on March 24 1928

He returned {o Baltimore on June 7 1928 for examunation. He said that
he had taken tincture of digitalis 06 cc. (10 mumms) txd and quunidme
sulfate 03 Gm., (5 gramns) t1d and at 11 PM regularly and had had no
return of the irregular pulse His strength had gradually increased so that he
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felt he was ready to resume work He looked quuet and strong There was no
edema lwver not palpable no rales at the lung bases Heart dulness 2 em o
the right and 13 cm to the left with a short soft systolic murmur heard at
the apex Sounds regular and of farr quality although the first sound was
somewhat muflled at the apex BMR ~—1 per cent Weight 713 kg (157
pounds)

Electrocardiograph  June 7 1928 Rate 67, rthythm smoauricular PR
mterval 023 second T I II and III mnverted The first degree heart block as
well as mversion of T I and II and the sinus arrhythmia are almost certamly
due to the amount of digitalis he has taken

Teleoroentgenogram MR 5 ML 9 T 30 Aorta shghtly dilated

The effect of exercise does not pass off as rapidly as 1s usual (pulse rate of
90 to 95 fifteen minutes after hopping fifty times)

The patent returned home discontinued all medication and three weeks
later began work in the garden He gradually ncreased his daily work until
on September 12 1928 he returned to lus full work as a frack man on the
railroad  Since that time he has done full manual labor without the loss of 2
single day from sickness He armes at 5 AM  makes the fire mulks a cow
breakfast at 6 walks a mule to work which begins at 7 30 and lasts until 5
has a half hour for lunch Durnn, this time the work 1s farrly constant with a
pick or shovel He usually rcturns home 1n a machine and retires at 8 PM
He has noticed no swelling of the feet no shortness of breath or 1rregulanty
of heart action his appetite has been very good but not excessive and hus
weight has remained constant At my request the patient returned for examind
tion

Physical examnation March 2 1920—1 8 meters (5 feet 11 nches) 736
kg (162 pounds) There 1s quite defimite exophthalmos not as marked as on
the previous examination but stll very evident The sclera of the left eye 15
mjected conjunctivae not mflamed

Thyroidectomy scar barely perceptible No thyrotd tissue felt

Lungs clear to percussion and auscultation no rales at the apices or bases

Heart The apex 15 not clearly seen or felt Dulness extends 8 cm to the
left of the mudsternal Ime 2 cm to the nght No nerease mn dulness at the
base At the apex the sounds are clear of good quahty no murmurs o
murmurs at the base

Pulses are equal and synchronous and regular m force and thythm 17 t0
the quarter The vessel wall 15 not thickencd brachuals not tortuous Blood
pressure 120/80

Laver not felt nor enlarged to percussion Spleen not felt

Extermities No edema of the ankles no fine tremor of the fingers

BMR —7 percent

Urine Negative

Electrocardiograph  March 2 1929 Rate 76 Rhythm sinoaurtcular PR
mterval 030 second Remarks T waves all upright P IT diphasic Diagnosis
Normal sinus rhythm

Summary A forty four year old man suffering from diffuse goter with
hyperthyroidism complicated by auricular fibrillation and severe congesiive
heart failure was treated by 1odine with reduction of the BMR {rom +95
per cent to 432 per cent followed by subtotal thyrasd He nsisted o8
returmng home on the eleventh postoperative day before auricular fibrillahion
was relieved Congestive failure and fibnillation treated with digstalis persist
for over a year when sinus rhythm was 1nvolved by quinidme Following this
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he duall; d his h and seven months later rewned to hard
manual labor 'The heart had returned to normal size and funchionaily seemed
normal

Pathologleal Changes The first account to be given of the pathological
changes in the heart of a patient who died of thyrord disease was by Sir
Henry Marsh ¢ tn a report before the Pathological Society of Dublin 1n
1841 Befare death this patient had suffered from rrregular heart action
and anasarca The heart was greatly dilated particularly on the nght side
showed some hypertrophy and granular fat along the margin of the mitral
valve Since then vartous reports have been made noting changes in the heart
muscle and these reached their high pomnt with Goodpasture s ? account of
two cases which showed d tion and f ation of the heart
muscle fibers Although Goodpasture was able to shown that the myo
cardwm of thyroxwumzed amumals was rare susceptthle than normals to
myury {rom chlorof he daubted that * products of the thyrod alone
could be respensible for the cardiac lesions which may occasionally occur
m man n associabzon with hyperthyroidism  Other pathological studies
have failed to reveal any constant or cearly proven patholopcal change
1 the heart winch 15 defimtely cansed by hyperthyrordism

Chincally, 1t 1s thought that thyrotoucosis produces no changes which
are permanent 1n their effect and patients are seen who suffer for several
years from the most extreme form of heart fadure and then return to per
fect functional activity of the heart after subtotal thyroidectomy 52 Even
m these patients who die quute ewvidently from heart failure the myo
cardium frequently reveals no changes demonstrable by present methods of
pathologrcal exanunations From a careful re-exarmnation of the hearts of
twent_y seven patients dymg with hyperthyrmchsm at ihe Johns Hophins

11t was i 3 that no p 1 1 change 1s
produced m the heart by hyperthyro:dlsm Current opiruon then s that
the hearts of patients dying from thyrotoxic heart fatlure show a varetv of
nconstant mnor lesions, none of Whlch can surely be ascribed to hyper
hyroid The ch: most freqi d are marked carchac
difatation and hyaline and fatty degenemhon of the muscle fibers

Casg 2 N C Umt No 7767 Johns Hopkins Hospital C F Aet, 35
Admutted September 22 1926 Died September 23 1926

F H Negative

P H Strama with no change in size for eighteen years

P I Slght shortness o[ breath commencmg aaven months age Eyes noticed
to be more Hi d of pal] Prepared
breakfast for husband thxs mormng and seemed all nght he retumed at
7PM to find her 1 collapse—friends say that she was that way all day
Sudden onsct.

PE P 140 Apexrate 240 T 101 R 60 Extremely emaciated vest
less thrahing about marked excphthalmos Leds fail to close firm smooth
enlargement of thyroxd Lungs filled with rales C V  Apex beatng violently
m sixth nterspace m antunior anllary hne  Systohe murmur  Aurrcular
fibrdlation wnth pulse defieit of 100 Laver dawn to umbilicus  Priting edema
of legs Died 1n three hours Pulse became imperceptible two minutes before
Tespirations ceased
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Impression Hyperthyroidism Exophthalmic goiter Auricular fibrillaation.
Myocardial falure

Autopsy No 9471 Thirty two hours postmortem The heart 15 enlarged
and weighs 390 Gm The nght ventricle 1s dilated and hypertrophied the left
ventricle slightly hypertrophied Microscopically there 1s definite persvascular
and rather shghter inter lar scarrmg lly toward the tip of the left
ventricle There 1s no cell nfiliration The thyroid 1s adenomatous The acmt
throughout appear normal are colloid comntaining and hned with cubzeal cells
There are some lymphoid nodules ‘The thymus 1 hyperplastic Lung spleen
and lver show chroric passive congestion This 1s marked mn the liver where
there 15 central atrophy and necrosis

Treatment The treatment of the thyroid heart may be thought of quite
simply 1 terms of protection of the patient as a whole until the unproved
modern technics of removing hyperthyroidism have prevailed Thus atten
tion should be focussed on avoiding harmful practices Inept use of stand
ard therapeutic procedures such as digitalization or the use of qumdmne
or adrenalin may prove disastrous Relief of hyperthyroidism returns the
heart to 1ts previous more or less normal state

When auricular fibrillation 1s present, digitalis usually exerts all of the
benefits seen from this drug 1n other forms of auricular fibnllation In come
cases the slowing effect of digitalis 1s less marked than in cases of fibnlla
tion uncomplicated by hyperthyroidism When simple tachycardia alone
eusts even though 1t may produce evidence of heart failure, the use of
digitalis 15 without benefit and 1its use 1s strongly questioned by many
Deanng Barnes and Essex? produced round cell infiltration and areas of
1scherma with tovic doses of digitahs 1n rats rendered hyperthyrod with
thyroun No direct parallelism to human cases can be drawn from these
experiments but a sharp warmng agamst over digitalization 1n hyper
thyroidism 15 indicated In the opimon of the writer 1t should be wthheld
until after operation or until some other mdicatron for 1its use anses For
the same reasons venesection 1s rarely a helpful procedure

After operation quimdine 15 most valuable 1 obtaming Teversion o
normal rhythm 1n fibnllating hearts which do not revert spontaneously it
should not be used before operation because the slowing effect that digtalis
has on the fibnllating heart 1s lost after normal rhythm 1s established by
qumudme and dangerous tachycardia may ensue

Symptomatic improvement 1s noted following treatment m an oxygen
tent When all 1s said and done the ultimate and only lasting treatment
15 removal of the cause, that 1s_the hyperthyroidism Subtotal thyrode
tomy after prelmmary medical treatment with an antithyrod drug an
1odine 15 still the most widely used method to treatment 62 With wmproved
techmc surgical mortality has become neghgible (018 per cent at the
Mayo Clinuc) and end results greatly improved Much of this imprové
ment started with Plummer s> announcement m 1923 that 1odme Jessen®
toxacity 1n exophthalmic goiter Todine changed the patient into 2 gO"d
surgical nsh and the gland into a less hemorrhagic less fnable object 1of
surgical removal Then, with the advent of thiouracil and later the IesS
tovic 1 propyl thiouracil and methyl mercaptomudazole (called tapazol of
methimazole) the patient could be brought into a preoperative conditio?
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of euthyroidism and the gland, with the additional help of 1odine made to
resemble a collord goiter The operation became less hurried and therefore
more precise, more of the gland could be removed without danger to the
recurrent laryngeal nerves or parathyroid glands and thus fewer recurrences
or persistences occurred after operation Preoperative treatment could even
be effected while the patient continued ambulant and the operation per
formed on the second hospital day, the patient being discharged on the
fourth to the tenth postoperative day

The choice of anesthesia for thvroid operations 1n patients with heart
fatlure deserves careful consideration Because of the dangers of open drop
ether anesthesia much attention was paid some years ago to developing a
smooth local anesthesia method With the mmproved methods of closed
ether and oxy gen anesthesia wmith gas induction the need for this has disap
peared m all but the most desperately 11l patients Careful ether anesthesia
preceded by hght basal anesthesra or avertin or sodum amytal 15 the
method preferred by Rienhoff in the Johns Hophins Hospital Lahey™s
advocates the use of cyclopropane combined with mtrous owide since
cyclopropane alone 1s Iikely to prod: of ble cardiac 1r larrtres
The danger of bringing on these cardiac irregulanties 1n offset Lahey
believes by the absence of the excitement stage and of postoperative
vomitmg

In some climies sodium amytal (039 Gm [6 grans] one hour before
operation) and morphine (001 Gm [¥, grain] with strychnine 06 mg
[%o00 gran] a half hour before operation) are used as a basal anesthesia
followed by ethylene 1n the operating room We have encountered many
hyperthyroid patients who were sensitive 1n one way or another to mor
phine and so we now take the precaution to give them a test dose <everal
mghts before the operation Pantopon 16 mg (% gramn) can be substi
tuted m sensitive individuals Experienced anesthetists vary in therr pref
erence of methods depending on the techme with which they are most
famihar ‘The combination ether method has the one mdispensable advan
tage of keeping the depth of anesthesia constantly under control

The surgical scar 1s scarcely visible If myxedema threatens 1t can be
perfectly controlled with desiccated thyrod gland Instances in which the
state of hyperthyroidism persisis and becomes apparent after the effects of
the antithyraid drug have fully worn off occur 1n only three or four per
cent, and the other late complications of tetany or of recurrent laryngeal
nerve palsy 1n only about one per cent Tetany can be relieved by calaium
and the remaining normal vocal cord on the other side largely compensates
for the paralyzed vocal cord This method of treatment 1s so good accord
mg to one of 1ts proponents 53 that 1t 1s unnecessary to look any farther
particularly 1f other methods may cause serious late complications from
radwactivity and 1f many medically treated patients may still have to be
operated upon

There are however cases that are better treated by other measures
Prolonged medical treatment with antithyroid drugs such as propy! thiou
racil or methimazole may be used to advantage in all mild cases and 1in
severe cases that return promptly to a symptom free state of euthyrordiem
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provided the rare drug toxicities, such as agranulocytosis, are carefully
watched for Recurrent postoperative hyperthyrordism 1s often well treated
m this way It 1s of interest that young marned women suffening from
exophthalmic gotter who are maintained 1n a euthyroid state by daily doses
of n propyl thiouracil not infrequently become pregnant whereas formerly
the disease erther prevented gestation or was terminated by surgical treat
ment These patients can be carried through pregnancy on antithyroid
medicatton  Preadolescent exophthalmic goiter responds in general to
n propyl thiouracil as the adult form does
Radwactive 10dine (I' 1) taken by mouth 1s utilized almost entirely by
the thyroid gland, where 1t effects destruction of thyroid cells 1n proportion
to 1ts uptake The dose 1s regulated according to the estimated size of the
gland, 100 to 200 microcuries per gram of tissue, and although this 1s often
Little more than a rough guess 1t serves as an indicator for the size of the
first of one two or rarely three doses Shortly after the 11311 tahen, the
thyroid gland becomes shghtly larger and tender and the patient more
toxic but this subsides within a few days or weeks seventy five per cent
of patients become euthyroid after one dose at the end of several months
fifteen per cent require a second dose, and ten per cent need a third dose
or more Nodular goiter with hyperthyroidism requures larger dosage and
longer time to cure In both types of hyperthyroidism the treatment ex
tends over four to six months Its advantages are that the patient need not
be hospitalized (the drug 1s taken by mouth), parathyroid tetany and
laryngeal paralysis do not occur (the gland 1s reduced usually to normal
s1ze), there 15 no operative mortahty, and the cost to the patient 1s greatly
reduced Objections are theoretical, consisting mainly of the possible
carcinogenic activity of the radioactive substance that remams 1n the
thyroid gland until 1t loses 1ts actvity after a radioactive half life of eight
days Thyrod cancer was induced 1n one and a half to two years mn seven
of twenty five rats by a single intrapentoneal mjection of 400 mucrocures
of I*31, and metastases were found 1n five 66 the incidence of spontaneous
cancer of the thyroid gland even m old rats was extremely low After
fiffeen years of gradually mcreasing use of 1131 1n human patents wth
hyperthyroidism no case of malignant degeneration has been reported Be
cause of the ble late develop t of mal t d tion some
specialists prefer to use this form of treatment only 1n patients past forty
years of age but do not hesitate to give 1t to younger patients who present
clear cut contramdications to surgical procedures Its use 1s neutralized by
previous absorption of rodine 1n any form Thus 10dine by mouth or 12
radio opaque mixtures forx ray series may block the uptahe of 1131 for weeks
After this form of treatment myxedema develops 1n about the same per
centage of patients as after surgical removal of the gland and 18 controlle
by desiccated thyrod gland in the same manner On the other hand s
in which the hyperthyroidism persists or recurs at a later date are said to
be less frequent and when they do occur can be satisfactorily treated wath
further dosage of J131
Treatment 1n euthyroid patients of intractable angina pectorns or €on
gestive heart failure by surgical or medical removal of the thyroid gland 38
described elsewhere mn this volume 67
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Conclusion It may finally be concluded that the heart in conjunction
with the rest of the body responds to hyperthyroidism by metabolic
acceleration This leads to a group of airculatory changes the exact causes
of which are only poorly understood Tachycardia increase in minute out
put of the heart increase in blood flow to the skin and muscle but not to
the brain and only shght to the hidney acceleration of blood flow and
ncrease mn blood volume form a umque circulatory pattern which manages
fairly well to care for the bodily needs of thyrotoxicosis and hyperthy
roidism Given a normal young cardiovascular svstem this speeding up
does not overtax the heart and airculatory system On the other hand
when the heart 1s weakened by advancing age or heart disease the constant
overnork combined with the direct effect on the myocardium from hyper
thyroidism frequently leads to congestive heart failure and circulatory insuffi
caency In either instance correction of the thyroid disorder allows the
heart to regain, both functionally and structurally its prehyperthyroid
condrtion
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The Heart in Anema

The umportance of any given factor m 1s relation to the heart and its
physical and physiological integnty 15 immediately divisible mto two
1ssues The first 1s concerned with the effects of the stress or noxious agent
on the normal heart, and the second with the<e effects on the diseased
heart or the heart laboring under an abnormal load Hypertension and
pregnancy or hyperthyroidism

In 1857 Bamberger? reported his observation on patients having chronic
anemia and concluded that cardiac enlargement was a frequent result
Irvine® m 1877 and Barrs® 1n 1891 described 1n chlorotic indimvduals
the occurrence of bruits which were attnibuted to cardiac dilatation
Hersmant 1n 1893 described murmurs which disappeared with the cure of
the anemia and Gautiers 1n 1899 recorded his observations tn twenty two
cases of chlorosis and found by percussion cardiac enlargement 1n twenty
Cabot and Richardson® in 1919 found cardiac hypertrophy 1n patients dy
g of permicious anemia 1n whom no other factor existed to account for
the enlargement Ball” in 1931 was apparently the first to report a case of
severe anerma studied with the aid of a teleorcentgenogram recording a
reduction 1n heart size with relef of anerma

Lunde and Schueller® i 1910 produced cardiac enlargement 1 dogs
by rendering the animals anemic and Forman and Damels® 1n 1930 while
studying the effects of certain food on anema in rats observed that the
hearts of those ammals having low hemoglobin values were considerably
larger than the hearts of normal ammals When the hemoglobin values
fell to 10 Gm the hearts were shightly hypertrophied this became marhed
as the degree of anemia mcreased At the very low hemoglobin levels
from 2 Gm to 3 Gm per 100 cc the hearts weights averaged approxi
mately three times those of normal ammals Ellis and Faulkner?? in 1939
reported the results from a study of forty seven cases with varying degrees
of anema Twenty of the thurty eight cases studied by x rays showed
cardiac enlargement and of the twenty six who were followed erghteen
showed a decrease in heart size with impr of the h lobin Jevel
Ten of the forty five patients studied by electrocardiogram showed ab
normal records

Recently much interest has been shown m the heart changes occurring
n sickle cell anemia These changes manifest themselves by cardiac en
largement and murmurs and owing to the bizarre jomt symptoms the

245
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entire cimeal picture closely mirmcs rh tic fever wath rh tic heart
disease A study by Higgins and Toone 1s pertinent 10

From these reported observations one must conclude that protracted
chronic anemias produce ficant physical ch i the heart In
1937 the wnterl- reported the heart changes occurnng n hoohworm

209
FIGURE 1%
Cardiothoracic Actual
Hemoglobin Gm Ratio Transcerse Diameter  Tronsterse
Date per 100 ¢ Predicted Hodges and Eyster IDameter
41018 14 53 8 per cent Data meomplete 123cm.
Gtol1d 127 473 per cent 99 em
Elect; d. Sinus tact rate 115 otherwise normal

anemia It was realized that much mnformation was available which dealt
with the reaction of man to anema, but the studies were concerned wit
relatively acute reductions in the oxygen carrying function of the blood,
hence, the conclusions were appheable 1n only a limted degree to tre
changes developing 1n individuals with chrome anema exsting over
penods of years Many factors contnbute to the physiological adust
ments occurring in anemia of varymng degrees and duration, and the ques
tion was whether or not anatomucal changes occur tn the heart dunng the
evolution of the compensatory processes

The anema associated with hookworm disease offered an 1deal type of
study It varied i intensity, duration and rate of development and %85
relievable by medication without the introduction of measures which
might confuse the observations In this study an increase mn cardiaC sizé

-
* See footnote p 248
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occurred 1n 100 per cent of the patients The data indicated that the
changes 1n heart size were in a few patients due to reduable dilatation
(Fig 1), m others to dilatation and hypertrophy (Fig 2), and m a third
group to defimie hyperirophy unassociated with reducible diatation
(Fig 3)

Fleure 2*

Cardiothoracte Actual

Hemoglobin Gm Ratio Transverse Diameter Transterse

Date per 100 cc Predicted Hodges and Eyster Digmeter
Tto10 69 489 per cent 113 em 139 e
8tol6 95 43 8 per cent 114em 125em

Electrocardiogram Sinus rhythm rate 79 electnical axis left preponderance

Cardiac hypertrophy 1s nghtly placed 1n the category of orgame heart
disease hence one 1s justified m classing chronic anemma as one of the
etiological factors in the causation of this condition The prumary cardiac
dilatation may be classed as a physiological adjustment mecharusm which
disappears when the anemia 1s relieved yet 1f those factors which have
necessitated the dilatation continue there occurs hypertraphy of the
myocardium which 15 not reducible and 1s d ly patl mn
character

The effects of chronic anema on the diseased heart or the heart under
stress of hypertension pregnancy or hyperthyroidism are of major chnical
importance The minute volume of blood handled by the heart 1s increased

* See footnote p 248
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by anema, and the increase in cardiac output 1s defimitely related to the
degree of anema It 1s apparent, therefore that anema 1s an added drain
on cardiac reserve mn valvular heart disease and hypertenston, and that 1t
defimtely augments the cardiac load of the pregnant woman and the
patient with hyperthyroidism This additional work not only augments
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Fieure 3¢
Cardiothoractc Actual
Hemoglobin Gm Ratio Transterse Diameter Transterse
Date per 100 cc Predicted Hodgesand Eyster  Dwmeter
7103 19 600 per cent 113 172 cen.

cm
71029 death from intercurrent disease not related to the anomia _Autopsy Heart
weight 630 Gm otherwise normal
Electrocardiogram  Stnus rhythm rate 70 electrical axis left preponderance

the degree, but defimtely accelerates the development of cardiac enlarge
ment and frequently Precipitates premature heart farlure

Several authors have noted the oceurrence of angina pectons of effort
n patients with anerma 13 141016 1~ 15 The specific nature of the angind
syndrome has not been defimtely settled, but 1t 15 unwersally agreed that
1t 15 concerned with cardiac work and oxygen supply

When one studies a large number of patients with severe anemias he
1s impressed by the fact that cardiac pam occurs only in the occasional

* Tes are com; atter 13
i ed B SRR U0 gt Wt G e

meters of the first and the mside figures of the Iast tel The hemoglobn
values were obtained on the same day as the x ray studies
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patient and that the critical level for the anemia 1s quite vanable Prac

tically all of the reported instances have occurred in patients who are in
the age group to quite logically have degenerated coronary arteries The
conclusion reached from a correlation of all the available facts 15 that the
angina syndrome occurs 1 those anemic patients who have coronary
artery dicease 'The degree of anemia necessary to precipitate the angina
syndrome varies from case to case depending upon the physiological
integnty of the coronary arteries and this in turn 1s dependent upon the
degree of coronary artery disease It 1s doubtful if angina pectonis regard

less of the degree of anemia, ever occurs 1n patients with normal coronary
artertes yet, anemia can precipitate the angina syndrome 1n patients who
have impairment of coronary circulation though no limitation of cardiac
function be evident when the blood 1s normal

Case I W M contractor aged sixty When first seen on September 6 he
was complaiming of substernal pain and oppression induced by shight exertion.
He stated that his first symptoms were noted fourteen months previously and
that they were fatigue shght dyspnea and substemal oppression when he walked
rapidly up shght inclines  These sympts had ly d 1n
unfil at this time he could not walk as much as a level eity block without expe-
nencing such mntense substernal pain and oppression that he would be forced to
rest Rest gave him complete relief

Physical Exarmnation The patient was a well nourished man weighing 196
pounds five feet ten inches mn height. The mucous membranes and skin were
manifestly pale and the tongue was smooth clean and the papillac atrophied
The heart was normal 1n size and shape and there were no cardmal murmurs
The first sound was laching m muscle tone and the second aortic sound was
amphoric and ringing 1n quality Pulse rate 84 sinus rhythm The peripheral
artertes and fundus vessels showed moderate sclerosis The blood pressure was
115 systolic and 85 d lic The el d showed mod, left axis
deviation and an 1soelectric T wave in Lead T

Dragnosis (1) Angma pectoris (2) coronary sclerosis (3) permcious
anemia

Course 1nd Treatment

September 7—Hemoglobin sixty two per cent RBC 2130000

September 8—Liver therapy begun

September 20—Hemoglobn seventy six per cent RBC 3200000 On this
date he could walk on the level with comfort

October 10—Hemoglobin eighty six per cent RBC 4400000 No symp
toms with average physical activity

November 2—Hemoglobin mnety four per cent RBC § 120000 No symp
toms and actively engaged in his vocation

‘This patient was followed for three years There was a consistent recurrence
of symptoms when the blood levels reached hemoglobin 70+ and RBC 3 000
000 He died four years after we had first seern him of acute coronary occlusion
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The Heait 1 Pulmonary Disease

INTRODUCTION

Pulmonary disease as a specific cause for heart failure has become of
considerable 1nterest in recent years and 1s becoming more frequently
recogmzed The development of right ventricular hypertrophy diatation
and/or failure secondary to pulmonary artery hypertension resultmg fmm
mh'msxc disease of the lungs or pul lature has been d

‘ pulmonary heart disease or cor pulmonale Prior to the mtroduction
of these terms 1n 1931 by White 12! emphysema heart disease was the
designation commonly employed With development of more precise
methods for assessment of resprratory and circulatory function it hag
become obvious that ¢ cor pulmenale embraces a multitude of conditions
having 1n common the development of right ventncular hypertrophy and
failure Considerable controversy remans as to whether pulmonary hyper
tension and nght ventricular disease resulting from congemtal anomalies
or disturbances of function of the Ieft side of the heart (mutral valve
disease left ventricular failure) should be included within the category of
cor pulmonale 134248779+ It has been suggested that the terms primary
and secondary pulmonary hypertension be used to differentiate between
pulmonary and left sided heart factors resulting in nght sided heart
stram 4

Factors causing pulmonary hypertension may be classified into three
groups 24 (1) Factors affecting the pulmonary volume elasticity relation
ship These are anatorme or physiologic or both and may consist of (a)
areduction in number cahber and expansibihity of the small vascular chan
nels (b) an increase m tone of the venules artertoles or larger artenes
and (c) an mcrease m the pulmanary blood volume (2) Factors affecting
the flow p An 1n blood flow causes pulmonary
hypertensmn only if associated with any or several of the previous or
following factors (3) Factors causing an increase n left atrial and pul
Monary venous pressure and volume These may be due fo (a) left ven
tncular fallure (b) mechanical obstruction at the mitral valve or (c)
changes 1n the volume elasticity curve of the left atnum due to changes in
1ts wall or 1n the pericardium

The term cor pulmonale m this discussion will be restricted to etiologic
factors affecting primanly the lungs or the pulmonary artertal tree and
leading to pulmonary artery hypertension Bref mention will be made of
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those factors which produce elevated pul 'y venous p with
gecondary elevation of pulmonary artery pressure

The types of disease which may Jead to the development of cor pulmo
nale may be divaided conveniently into acute and chronic groups, the former
developing after abrupt reduction of the pulmonary vascular bed erther in
the absence of pulmonary disease (acute pulmonary embolization) or m
the presence of acute infection superrmposed upon chrome pulmonary
disease Chromic cor pulmonale presupposes the existence of chronic paren
chymal or pulmonary vascular disease, with slow progressive development
of pulmonary hypertension as demonstrable by clincal, electrocardio
graphie, radiol or cardiac catheterization techmes

ACUTE PULMONARY HEART DISEASE

Ehology 'The etiologic factors which have been mcrmunated 1n the
production of acute pulmonary heart disease or acute cor pulmonale are

I Pulmonary embolization

A Thromb
B Gas
C Fat
D Trophoblastic?
I p y with th 3
T Acute mfy uper d on chromc pul 'y diseise

By far the commonest cause for acute cor pulmonale 1s embolic blochage
of the pulmonary circulation Pulmonary embol are found m 10 per cent
of all autopsy subjects and are judged to have been the cause of death 1
3 per cent of these 78 Pulmonary emhok may anse tn any part of the
systemc venous circulation, with the exception of the portal system The
commonest sites of orrgin however are the deep calf vens and the veins
of the pelvis where thromb: are prone to form in postpartum and post
operative patients, or i patients long confined to bed for various medical
conditions, eg, a high inadence m those with heart disease 8¢ Uncom
monly, pulmonary emboli occur n apparently previously healthy individ
wals Less frequently, emboh artse from vegetations on the valves of the
right side of the heart, or from mural thromb: ongmating 11 the nght
atnum  Coronary occlusion may be comphcated by pul y embohsm
when mural thrombi are dislodged from the Tocardium overlying
infarcted areas nvolving the nght side of the terventricular septum
Only rarely do emboli arise from the upper extremities The term thrombo
embolic disease 15 used to cover all aspects of these cases from the ongt
of the thrombi in the vems or heart to their lodgement mn the pulmonary
arculation Phlebothrombosis denotes thrombus formation 1n vens ™1 h
out evidence of inflammation, 1n contrast to thrombophlebitts 10 Whlcts
there 15 an mflammatory basis for the clot In the latter embolic acciden
are less frequent smee the thrombus tends to be fixed at the site of ongi?
Stasis of blood Within vewns 15 an mmportant factor in ph]eboithttﬂﬂb"f)“’;3
This stasis 15 most often encouraged by confinement to bed which fav
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pooling of blood 1n the calf muscles and pelvxs and dimimished muscle tonus
(@ 1

of the latory ‘ booster pumps’) One sertes re

ported that 50 per cent of autupsxes of persons who had been confined to
bed d trated \enous th 1 4 Various hematologic
factors, such as bers or enh d agglutmability of platelets,
tration d thrombokinase fibrinogen or globulin tn

the blood and increased blood viscosity, may play mmportant roles in the
ongin of lar clotting Mscell factors such as age, weight

and the presence of malignant disease, should also be mentioned The
vast majonty of cases of thromboembolic disease occurs m persons past
the age of forty years In general the greater the age the greater the
tendency to this disease Obese patients are more susceptible than those
with normal weight and those with malignant disease have an unexplained
tendency to intravascular clotting
Rarely, nonthrombotic emboli may produce the chimcal picture of acute
cor pulmonale Either fat or arr entering the systemic veins in sufficient
amount may result 1n acute nght sided heart dilatation circulatory farlure
and death
Not all pulmonary emboh produce the cardac effect known as acute cor
pulmonale Very small embol: do not do so and extremely large ones
cause death before this effect 1s apparent Between these extremes there 15
& considerable group of cases m which acute cor pulmonale 1s an important
feature It 15 highly doubtful that merc anatomic obstruction of pulmo
nary arteries or arterioles 1s suffi Iy raise pull 'y arte-
nal pressures acutely to a degree capable of producing nght sxded heart
dilation 'The normal pulmonary vascular bed has a large reserve Normal
pressure flow relationships can exsst at rest with as httle as one third of the
normal functroming lung volume This 15 aptly demonstrated by surgical
pneumonectomy which 1s rarely followed by pulmonary hypertension so
long as the remaining lung 1s free of fibrosis emphysema or pulmonary
vascular disease *543 Holden found 1t necessary to obstruct 70 per cent
of the pulmonary arculation 1n dogs by massive pulmonary embolism
before death occurred 62 It seems probable as suggested by Barnes that
reflex spasm of the involved pulmonary cireulatory bed markedly enhances
the degree of circulatory obstruction caused by the embolus itself in these
cases Expermmental studies by Price Hata and Smuth support this
1mpression 9
'I'he studlea of Fmeherg and Wiggers have matenally advanced the
d y alterat and ch m right ventncular
function whmh occur when there 1s obstruction 1o the pulmonary crcula
tion comparable to that which exists in pulmonary embolism 4 They
demonstrated that the nght ventricle of the dog 1s capable of mamtammg
1ts normal output if the pulmonary artery 1s compressed up to approx:
mately 58 per cent of 1ts onginal d ter Under such the
added resistance 1s overcome and the left ventricle recewves its normal
amount of blood One factor shown to be of utmost importance in this
for added 15 the d mmtal tension and
dmstolxc stretch of the nght ventncle (Starhngs law) Greater degrees
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of compression of the pulmonary artery overwhelm the compensatory
mechamsm and there results a dimimished transier of blood to the left
ventricle, a lowered aortic pressure, and a dimimshed coronary blood flow
There may be an additional humeral factor mediated by serotomn released
from the blood clots in pul ry embol vasodep
reflexes and, m turn, potentiating a drop in systemic blood pressure 1!
The lowered blood supply te the myocardium undoubtedly plays an impor
tant role n the eventual complete failure of the nght ventricle Two de
ductions of therapeutic xmportance are made from these findings The first
concerns venesection which 1s to be condemned on the ground that lower
g of venous pressure reduces the initial tension within the right ventnen
lar cavity thereby interfering with the factor shown to be of such impor
tance 1n the mamtenance of normal blood flow to the lelt ventncle The
second concerns the ymportance of attempting to mamntamn an adequate
artenal pressure and coronary flow to a1d the night ventncle
Acute cor pulmonale has been reported followmg pneumonectomy which
was bimed with th plasty for pul ry tuberculosis? In the
usual course of pneumonectomy blood flow 15 readily channeled through
dilated pre existent vessels of hitherto nonfunctional capillaries® 15,
however sufficient emphysema or fibrosis m the remamnng lung reduces
the effective ventilation of that lung, anovia results and contributes to
elevation of pulmonary artenal pressures
Less dramatic than pulmonary embolism, yet equally mmportant 11
producing acute cor pulmonale 1s acute respiratory infection superimpos
on chronic lung disease (usually emphysema) This may occur m patients
who have no evidence of chronic cor pulmonale Emphysema and chrom¢
bronehbis result m an madequate bellows motion of the chest associated
with improper alveolar distribution of gases and chrome alveolar hypovent:
lation Supermposttion of an acute nfection upon this basic pathologicstate
leads to the abrupt development of anoxsa The latter 1s well hnown 0
aggravate pulmonsry hypertension In addition the mfectious process
may further decrease the pulmonary vascular bed and ncrease pulmonary
resistance because of associated edema and exudate Such a combination
of acute anoxma and d pul y lar resistance has beent
reported capable of producing acute right sided ventricular farlure m an
apparently previously normal heart 10 114
Chnical Features The symptoms and signs of acute pulmonaty beart
disease will be considered along with those of the pulmonary embohsm caus
ng 1t but special emphasis will be placed on the cardiac features i The
size of the embol 1 d to a large extent the character and
seventy of the symptoms and signs A large embolus producing obstructton
of a man pulmonary artery branch may result m sudden death This
tragedy may occur entirely without warning 1n a patient whose postoper2
tie course has been apparently uneventful In less severe cases sudden
mtense dyspnea and a tightness 1n the chest or defimite substernal Pt
are expentenced  Peripheral vascular collapse aften follows with a drop 11
systemic blood pressure tachycardia with thready pulse profuse ¢
perspxratxun, ashy pallor, apprehension and nausea and vormiing
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common mamfestations mclude cyanosis syncope convulsions coma and
hiccough  Within the first hour or two 1if death 15 averted, the manifes
tations of shoch begin to abate, and the signs of nght sided heart strain,
which constitute the acute pulmonary heart disease syndrome become
apparent Dhilatation of the chambers of the nght side of the heart occurs
and the pulmonary conus region may mmpinge on the anterior chest wall
resulting 1 systohe pulsation 1n the pul y area This t
may also cause a friction rub audible along the left sternal border mn the
second, third, and fourth mtercostal spaces resembling a pulmome sys
tolic murmur The y artery p 1S T
chmeally by accentuation of P, resulting from more forceful closure of the
pulmonary valves A gallop rhythm 1s frequently heard Neck vemn dis
tention 18 prominent, reflecting the increase mn venous pressure behind the
dilated nght ventnicle Marked pulsations in systemuc vemns indicate
relative tricuspid insufficiency Cyanosts which may not have been appar
ent 1n the shock stage 1s often now quite Gradual 1mp:
ment may occur from this stage as nght ventincular function returns
toward normal or progressive failure of the nght ventncle termmating n
death may prevail

In twenty four to forty eight hours after the embolic episode, evidence
of reaction in the lung 1itself appears This 1s the stage of pulmonary
mfarctwn Fever, tachycardia and tachypnea are present The patients

1y lie on the affected side n an effort at spl the
mvolved pleura Cough productive of bloody spuium 1s often present
Limutation of of the lved side of the chest dullness to per
cussion i fremutus, d hed breath sounds and occasionally,

bronchial breathing may be noted If the pleura 15 mvolved a pleural
frichion rub may be heard Leukocytos:s 1s present mn 70 per cent of cases
and mcreased serum bilirubin 1n 50 per cent It should be emphasized that

1 'y signs and } ptysis may at times be conspicuous by their
absence 791 £

The eardiovascular effects of small embol reaching the lung may be
msufficient to produce this acute pattern or be so mild as to produce only
pulmonary or pleural s1gns On the other hand, unsuspected repetitious

15 k d as an mmportant etiologic
factor m the production of chromc cor pulmonale and at times closely
lly and 1y, so called primary pulmonary
vascular hypertensmn 67820889697
Trds of pul P

with or without infarction 1s usually absent m the early stages The
tnangular or wedge shaped radiopacity classically described with this
condition 1s seen mfrequently 'The usual Jate finding 1 the presence of
infarction 18 a shadow which has no patl haracteristics 113
Plate hke atelectasis has been described as the most common finding 1°*
Pulmonary artenal occlusion without infarction may be manifested by
relatve absence of vascular patterns of the mvolved side termmation of
major artertal branches at the side of occlusion or dilatation of the pul
monary artery 1 to the embolus At fl y an overactive
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pulmonary conus 1s often present and there may be noted a relatively
wmmahbile, lngh diaphragm on the mvolved side An avascular lung distal
to the obstructed pulmonary artery, stmulating localized pulmonary
emphysema may be present Angocardiography may be of valuable
assistance m locahzing the areas of vascular obstruction Lifesaving pul
monary embolectormes have been performed following such ocalization 8
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FIGURF 1 P ve pul Female aged seventy two Fﬂ‘bt
episode of embolism erghteen days foll ) for
rectum FE} taken ely and two and four hours aher

first embolism Second episode of embohism fourteen hours after first Electror
cardiwgram taken at this time and at intervals thereafter Note findings ypical
of transient right bundle branch block

Electrocardiogram  Electrocard )s } ted + 1th pu!
monary embohsm constitute one of the extremely interesting aspects &
the acute cor pulmonale Changes are not present m all cases but they
do occur with suffictent frequency to be of great value Diagnostic features
are especially likely to be found when an electrocardiogram 1s tahen wthun
a few hours of the onset and when other tracings are taken at short
intervals thereafter, as m Figure 1 Such observations will show at least
transient changes 1 75 per cent of the cases 1°4

The elect d huic changes d with the acute cor pui™®
nale are due to vanous factors, including rotation of the heart myocardial
1schemia, and probably pressure changes wathm the chambers of the nght
side of the heart

With the advent of unspolar electrocardiography 1t was de
that the heart rotates electrically on 1its long axis m a clockwise

monstrated
mannel
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and on 1ts transverse axis so that the apex 1s displaced backward! 3 A
tendency to a vertical electrical position (nght axs dewiation) also ap
pears 7 This results in the finding of an RS complex 1n the left arm um
polar lead and a late R wave 1n the night arm derivation In the standard
leads a prominent S wave appears in Lead I (left arm minus night arm
potentials), and a large @ wave in Lead III (left leg minus left arm
potentials) Goldberger pointed out that the left leg umpolar lead does
not show a significant Q wave as n infarction of the posterior wall of the
heart 5¢ This 1s of considerable importance in difierential diagnosis In
addition the changes attributed to rotation of the heart tend to disappear
within a few days of the onset of the acute cor pulmonale whereas the
Q, pattern of posterior wall myocardial infarction persists

Myocardial 1schemia resulting from a marhedly reduced coronary circu
lation pressure gradient (reduced aortic pressure together with a nise in
coronary sinus and thet vemn ) 1S r ble for
ST segment and T wave changes 1n many cases In the typical case the
ST segment 15 deviated downward 1n Leads I and IT and upward mn Lead
Til ‘There tends to be a staircase ascent of the ST segment to an upright
T wave 1n Leads I and II In the umpolar extremity leads the ST seg
ment may be elevated in the rnight arm (aVy) and depressed 1n the left arm
(aVy) denivation In the precordial leads ST segment changes are mmm
mal though occasional depression 15 noted in the left sided leads It 1s
probable that the 1schema which accounts for these changes 1s predomi
nantly that of the endocardial surface of the heart muscle

T wave inversion tends to occur mn Lead IIT and 1n the nght precordial
leads? This association of T wave mersion m Lead III with a large
Q wave 1n the same lead 1s often mustaken for a posterior myocardial infarc
tion The ab: h of a ficant Q wave 1n the left leg umpolar
lead (aVy) the mght precordial T wave nversions and the transient
nature of the changes in the acute cor pulmonale will usually permt
differentiation

P wave alterations are occasionally seen Peaking of the P wave mn
Leads 11 TII aVe (P pulmonale pattern) has been described but similar

findings are all too 1n other to be of much sigmfi
cance

Electrocardiograms taken within a few hours of onset of the acute cor

le may d rate a t nght bundle branch block com

plete or incomplete which disappears quichly This transient conduction
disturbance 1s probably related to myocardial ischemia and the abrupt
night ventricular cavitary pressurenise 3 It 1s of mnterest to note that nght
ventricular conduction defects have been produced experimentally i am
mals 1n association with the marked night ventricular dilatation occurring
with pulmonary (venous) air embolism 36 9~

In a recent article an attempt has been made to group specific changes
which may occur with pulmonary embolism into patterns which may have
more di Three d patterns were deline
ated 7

1 5,Q.T; plus nght precordial T wave mversion

Pages 51 to 270M replace former pages 251 to 270 @ 199



258 CARDIOVASCULAR DISEASE

2 8,T; or Ty plus nght precordial T wave 1nversion
3 $,QsT; plus nght bundle branch block

Patterns of pul y embolism are

1 Right precordial T wave inversion alone

2 S,Q;T; alone

3 Riught bundle branch block alone

4 B,Tg or Ty alone T i lead aVr often 1nverted also

This study found the staircase ascent” to be of hitle diagnostic value
Sinus tachycardia, the P pulmonale pattern, clockwise rotation, and
verhical electrical position were commonly present but of no dagnostic
sigmficance Arrhythmas were uncommon

D, is Cl Ily, the diff 1al d of acute cor pulmonale
resulting from pul y embol may be difficult since acute myo
cardial mfarction may mime the signs and symptoms very closely This
differentiation may be exceptionally difficult n the middle aged or elderly
postoperative patient 1n whom either episode 15 not uncommon Both
acute cor pulmonale and coronary occlusion may be ushered in by sudden
dyspnea substernal chest pamn, nausea, vormting, and penpheral vascular
collapse Ashen pallor, cold perspiration tachycardia, apprehension and
unconsciousness may appear i both The friction rub of acute anteror
myocardial mfarction may closely simulate that due to the dilated pulmo
nary conus m pulmonary embolism The aortic second sound 1¢ frequently
dumimished 1n myocardial nfarction giving at times a false impression of
accentuation of P such as 1s heard with pulmonary embolism Fever, leuho
cy tosis, elevation of sedimentation rate are to both Themote class!
cal findings of pulmonary embolism include hemopty s, pleural fnction rub
and signs of pulmonary consolidation These are usually lacking however
1n the early and quite often 1n the later stages The electrocardiogram often
provides diagnostic information particularly if seral tracings are recorded

The mtroduction of serum enzyme deter (serum glut oxalo
acetic transaminase and serum pyruvic transammase) has matersally arded
the chinaan m resolving difficul bl Thest are released

e
imnto the blood stream by the destruction of myocardzal cells i myocardial
infarction 1n sufficient quantities to be of dragnostic mmportance but n0
sigmficant nse oceurs n pul -y embol or pul. ry nfarction 6

Treatment The prevention of thrombus formation n the vems of the
legs and pelvis and hence mdirectly, the prevention of pulmonary embo
bism 15 obviously the rdeal in treatment This should consist i an attempt
to avoid so far as possible, all the factors which are known to favor i1
vascular clotting Venous stasts must be guarded agamnst by the encodt
agement of deep breathing, by the preseribing of regular muld exercises
and gentle massage for the feet and legs and by the avoidance of posittons
m bed which will favor stagnation of blood 1n the pelvis and legs Tight
bandages applied to the abdomen may interfere with adequate respration
and merease venous pressure i the lower extremities and should therefor®
be avorded E: i which imhibits both respiration and body
movements 1s dangerous
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There has been derable debate ding the ad ges of early
ambulation following operation There can be no doubt that this proce
dure hastens recovery of the patient from his operative procedure but it
13 not entirely certain as yet whether or not the tnaidence of phlebothrom
bowts and embolism s veduced thereby Some statistics have mndrcated
that there 1s no lessemng of incidence but that the mortahty from embo
lism 1s reduced It 15 probably of utmost importance to recognize that to
be effective n this respect early ambulation must mean not just sitting
m a chair soon after the operation but actual wallung (with the aid of
assistants of course) i order to mamtain muscle tone 1 the lower ex
tremties and to present the occurrence of venous stasis

Prophylactic brlateral superfiaial femoral vein hgation has been advo
cated by some for the prevention of post e th 1o bol
elderly patients Expenence however, 1s accumulating which tends to
mndicate that embolism may shll occur from thromb: which form at the
pomnt of higation and that there 1s httle difference in the incidence of
embolism m the higated and nonligated groups of patients

Anticoagulants both hepann and Dicumarol have ikewne been tried
prophylachically 1n patrents foll g operation A 1y the d
of thromboembolistn has been reduced thereby parheularly wath hepann
There 1s reason to beheve that Dicumarol does not have any sigmificant
anticoagulant action i1 rwo when dosage levels are mamntammed within a
safe therapeutic range? The danger of hemorrhage with any type of
anticoagulant 1s & very real one, and 1t would appear that prophylachie
use should be imuted to cases mn which there 15 great hhelibood of abnor
mal bload coagulation Heparm 1s the drug of chorce for this purpose but
1t should be discontinued preoperatuvely so that the coagulation time 13
restored to normal Therapy should be remnstituted forty ~eight hours post
operatusely tf no bleeding difficulty exists

en signs of mt lar th b as mdicated by a poatie
Homans or Moses sign or by any other evidence, are detected by the
physician two courses of action to prevent embolism are open  Eather the
vein proumal to the thrombosis may be higated or hepann therapy st
tuted or both measures may be carried out simultaneously There s an
increasing tendency to rely on hepamn alone 1n most chinies but this
anticoagulant should nrot be ad d wathout lation time con
trol of dosage and there should be a full understanding of cont d
tions dosage, and the therapy of bleeding should thus occur

1t pulmonary embolism oceurs despite ail precautions the physiaan is
faced with a gituation which constitutes 1 many mstances one of the
major emergencies of medical practice Sometimes the patient dies 1mme
diately and there 1s no opportunity for therapy Most often however the
Patient survives for a sufficient period of tume to permt appropnate treat
fent to be instituted It 1 essentral to adminuster drugs which will tend
to overcome unfavorable refles phenomena which occur m assocration with
pultmonary embohsm and which add greatly to the circulatory difficultres
Atropine 15 of great value 1n this respect wn that vasovagal phenomena
are counteracted 1f the drug 15 gven m sufficient dosage The average
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adult should receive 1 to 1 5 mg mtravenously to accomphsh this purpose
Usually 1t 1s unnecessary to repeat this dose unless it 1s judged that a
sufficient atropine effect has not been achieved or unless repeated embo
lizations occur

Another drug of defimte value which may be given with the atropine
and which 15 probably the most important single agent 1o the attack upon
this condition, 1s papaverme This drug belongs to the benzyl 1soquinolin
group of opium alkaloids constituting about 1 per cent of the alkalosds
of that narcotic Its empirical formula 15 CaoHayNO;  While 1ts discovery
dates back to the work of Merch 1n 1848 1ts use 1 the treatment of
pulmonary embolism was nat reported untid 1933 30 A number of reports
have since appeared, confirrung is value Expenmental evidence has
been presented by Megibow Katz and Femstem®!®™ demonstrating the put
monary artenal dilating action of this drug both by means of radiopaque
mjechion expeniments and by the discovery that following the admums
tration of the drug there 1s 2 drop mn the pulmonary diastolic pressure
despite a nise n systolic pressure denoting a lessened resistance mn the
pulmonary arterial bed Their evidence also mdicates a very favorable
central stimulating effect on respiration, an improvement 1n coronary flow,
and a tendency to prevent ectopic thythms which mght lead to exodus 10
ventricular fibnllation

The 1mmediate admimstration of papaverine 1s therefore mdicated 0
all cases of pul ry embolism 1m which festations of the acute cor
pulmonale are present It should be given mtravenously m a dose of 608
Gm of papaverine hydrochlonde njection, USP (1 cc contams 003
Gm) This dose may be repeated within an hour if necessary The ffect
15 prolonged tending to last up to four hours The onset of 1ts achon 18
rather slow however and 1t 1s for this reason that 1t 15 wise to admmister
1t 1n the same mjection with the rapidly acting atropmne referred o prevt
ously 'These drugs should be readily available in all hospital wards for
the emergency situations which ange, not only 1n postoperative pzmenls
but 1n medical cases as well

Shock a: ted with pul v embolism should be treated by 8%
int drp co s of 1 hrine adequate to
a systol of 100 (or 1n the previously hypertensisé

Y
patient of 110), preferably introduced imnto the vem by way of 2 poly
ethylene catheter to avod local ischemic effects Digitahs 15 used
whenever there 15 definite evidence of myocardial insufficency with e
vated venous pressure Ammophylline may be given to those patents
having bronchospasm but 1t should be mjected very slowly because of
the danger of furthering penipheral vascutar collapse Oxygen inhalabion
15 indicated 1 all cases 1§ heparin has not been administered before the
attach 1ts admimstration should be instituted immediately n adequate
dosage and with proper control of anticoagulant effect

When pulmonary embolism and acute cor pulmonale result from gas
which has gained entrance imnto the systemue veins, the maneuser of turn
g the patient onto his left side may be lfe saving 92 This should bt
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combined with artificaal resprration and oxygen adminsstration and, if need
be aspiration of the gas from the night ventnele

CHRONIC PULMONARY HEART DISEASE

Chronic pul y parenchymal disease per se however
extensive, does not necessanly imply eventual nght ventricular hyper
trophy dilatation or falure unless there 1s coincidental interference
with the flow of blood through the pulmonary circuit 13 This then repre
sents a late development of chronic lung disease Sertous disturbances of
cardiac function secondary to chromic pulmonary disease are therefore
relatively uncommon However with employ t of newer tech for
companng the ratio of night ventncular mass to left ventricular or left
ventricular and <eptum mass a higher necropsy incidence 1s being re
ported 47 119 White and Jones reported an incidence of cor pulmonale of
only 09 per cent of 2314 patients with organic heart disease studied by
autopsy ! In contrast Scott and Garvin found 6 3 per cent n 6548
necropsy subjects This represented fifty cases in 890 cardiac patients of
all types 190 McKeown 1n 1952 reported 111 cases in 6770 necropsy sub
Jects with evidence of right ventnicular hypertrophy secondary to disease
of the lungs *1

The inudence 1n relation to the type of pulmonary disease vanes tre
mendously Chromec cor pulmonale has been reported in 4 to 50 per cent
of patients with pulmonary fuberculosis 5118 Griggs and Coggin found
52 per cent of twenty four patients with silicosis to have nght ventrnicular
failure >+ Wells found only four cases of cor pulmonale in necropsies cf
388 coal workers with pneumocomosis alone but the inaidence rose to 42
per cent 1 presence of emphysema and bronchiectasis 119 In all reports
chrome obstructive emphysema alone or 1 combmation with chromc
asthma bronchiect or chrome b hitis constitutes by far the com
monest cause of chronic pulmonary heart disease Males outnumber
females by 4 to 10 14 The peak age imncidence weighted by the large
numbers of chrome obstructive emphysema cases ranges from the fifth to
seventh decade

Etrology A convement and simple classification of etiologic factors
may be denived by dividing them into two categones Group I—pulmonary
diseases associated with chronic diffuse obstructive emphysema Group II
—pulmonary diseases in which the pathologic process pnimarly results in
reduction of the pulmonary vascular bed or reduction mn transfer of gases
across the capillary membrane It must be understood that these two
groups are not ngdly exclusive and frequently coexist 77

GroupI  Chromnic obstructive emphysema with alveolar hypoventilation and
hypoxia
A Chronic bronchitis
B Bronchial asthma
C Bronchiectasis
D Bullous emphysemat 33
E Restrictive diseases of the chest
1 XKyphoscolicsis
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2 Pectus excavatum
3 Fibrothorax
F Obesity syndrome
G Pulmonary tuberculosts with obstructive emphysema
H Sarcowdosts with obstructive emphysema
I Silicosis with obstructive emphysema
Group 1T Pul y disease with pred duction m the pul Y
vascular bed
A Intraluminal processes
1 Pnmary pulmonary hypertension
2 Chrome recurrent pulmonary emboh
3 Chronic masswve pulmonary thrombosis
4 Schistosormasis
5 Sy philis of the pulmonary arteries
6 Sickie cell anemma
B Extraluminal processes
1 Granulomatosis
a Sarcoidosis with 1 lomat:
b Berylhosis
2 Interstitial fibrosis
Hamman Rich syndrome
Sihicosis

78

Y or
Chronie obstructive or bullous emphysema
Scleroderma
P

(anth i! )

Rheumatic pneumonztis

Polyarteritis nodosa

Duffuse mterstitial fibrosts of unknown etiology
Celiac disease with emphysema

Congemntal cysts of lung

Diftuse infiltration by bronchogenic carcinoma®?

The physiclogic and pathologic disturbances resulting m pulmonary
hypertension i these entities will be discussed in the following section.
Path The deselopment of pul v hypertension can b
traced to one or more of four basic causes
1 Increase m pulmonary blood flow In the normal state pulmopary
fiow may be increased three to four times without a change m pulmonaty
artery pressure (30/4 12) or arteriolar resistance (less than 200 dynes pfr
second per centimeter+) This is accomplished by the great distensibi Z
of the pulmonary tree and the opeming up of numerous unused resedf‘c
capillary channels to handle the excess flow Pulmonary hypertension ltxﬂ
to increased flow per se 1s not usually met wath in pulmonary disease un
the vascular bed 15 reduced -8 .
2 Restniction of the pulmonary vascular bed This usually tabes Pl"f)
at the level of the small arteroles or capillaries secondary either to meurl‘ar
Jar spasm or orgamc arteriolar ch which raise pul 1y artert
esistance
y 3 Anoxia or hypoxia The importance of anoxia m elevating pulmo
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nary artery and by the nietron of pul Yy
vessels has been clearly demonstrated ¢ 85116

4 Elevation of left atnal pressures due to disease or msufficiency of the
left side of the heart This danly prod elevation of pul y
arteriolar resistance

It 15 apparent that when nght sided heart failure makes 1ts appearance
1 chronie cor pul le 1t 13 fund. lly the result of an excessive
work load from long standing elevation of pul 'y arteriolar and total
pulmonary resistances 43 Other factors, however are involved

In Group I fixed structural changes in the pulmonary vascular bed were
formerly believed responsible for the p 86 But
with the advent of cardiac cathetenzation such e]e\ahons were found at
times to be both transient and reversible 57 Structural changes therefore
cannot be the whole story Emphysema prmanly disturbs pulmonary
function by impeding air flow 1n and out of the lungs There 1s a marhed
increase 1 total residual volume and reduction in maximum ventilatory
and timed vital capacities There 1s uneven distnbution of air in the
alveoh and this 1n turn preduces uneven distnbution of aeration of blood
When this process p flictently to reduce systemic artenal oxygen
saturation further changes occur A direct hyposic stimulation of the
bone marrow presumably stimulates a secondary type of polycythemia
This 15 associated with an increased blood viscosity and blood volume
increased venous return increased cardiac output and a residual volume
of blood 1n the lungs These ch m the p of a d d pulmo
nary vascular capacity result in a further increase 1n pulmonary artery
pressure  Hypova 1tself increases cardiac output® and by direct action
on pulmonary vessels affects a reduction 1n their caliber 64211 Eventu
ally, reduction of the vascular bed occurs through rupture of interalveolar
septa with loss of capillary bed replacement of normal txssue by relatively

fibrosis of vessels hy 1 tory exu

date and fibrosis Long il d ntr. lar pressure prod
secondary changes consisting of endartentis obliterans medial hypertro
phy ntimal fibrosts endothehal prohiferation and eventual pulmonary
ath Jerosis 15 These ch add also to the pulmonary resistance
The vascular il h 15 a late devel t in chrome emphy
sema It 1s felt that the most mmportant factor mn the development of the
cor pulmonale 1s the hypoxia which in many instances 1s reversible and
therefore of utmost 1mportance to recogmze 77

The optimal stretch of the m; dial fibers 15 ded and nght
ventnicular falure occurs®™ through the ) 1on of these
factors () increa<ed blood volume (b) high cardiac output, and (c)
direct action of anoua on the stramed night ventricular myocardium pos
sibly a reduced vaseular bed, and marked pulmonary hypertension This
farlure 15 ch, d by an 1 the emptying of the nght
ventricle ncrease in nght ventnenlar diastolic volume and elevation of
end diastolie filling pressure If proper therapy 1s instituted this type of
falure 15 usually easily correctable as there 15 little evidence for ntrnsic
myocardial disease and the coronary blood flow 1s reportedly normal 10
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Specific mention should be made of several of the less common entittes
i Group 1 Fatal cardiac falure resulting from chronic cor pulmonale in
ndividuals with thoracic deformities 1s relatively rare Kyphosis, kypho
scolhosis and pectus excavatum are the deformmties lved In
30729 necropsies performed at Cook County Hospital only 11 cases
(0 036 per cent) fitting this classification were found 1 Such patients are

prone to pulmonary infections All show varyng degrees of atelectass,
) 1

tasis chromc bronchitis, and

tory or obstructive em

FIGURE 2 Chest x rays and electrocardiograms of a sixty three year old rale
with pulmonary tuberculosts and nght sided heart failure The x rays demonstrate
the bilateral fibroid leston with horax or larre
cavity at the nght apex Sputum posittve for tubercle bacillt The first electrocardi?
gram was taken at a time when cardiac failure was severe and shows nght ﬂ“;
deviation without P wave chinges Treatment conststed in & period of complete be
rest dimtsl oxvgen ichalat d and resulted m a complete di

and
appearance of the signs of falure The second electrocardiogram was taken seven
months later and shows a normal axis but abnormally tall broad P waves in Leads
{I andTI‘{I The changes m the $ T segment are the result of digrtalts admmista
10n e i

¥ from 1n this case was mamntaned fof
one year of observation (Temple Unnersity Hosptal case }

physema Therr respiratory mechanics are nefficient resulting in compen
satory hyperventilation Eventually m the third to fourth decade the
ventslatory capacity and respiratory gas exchanges are so reduced that
hypowa and carbon dioxide retention set 1 motion the cycle previousty
described 18 v3128

A recent entity colorfully entstled the ¢ Pjchwickian syndrome 14 has
been described 1n detail 23 %7°1 111 [t 45 charactenzed by extremé obestty,
somnolence, perodic breathing cyanosis polycythemia nght asis devia
tion shown 1n the electrocardiogram, and congestive heart falure ThyS!
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ologically there are found decreased wital capacity, expiratory reserve
volume functional residual capacity, tidal volume, and total minute vol
ume Distnbution and diffusion of gases within the lung are normal The
physiclogic dead space 15 increased The major physiclogic abnormality
1s adequate alveolar ventilation resulting in artenal oxygen unsaturation
and carbon dioxide retention 'The reason for alveolar hypoventilation has
not been lustvely )} d, butis p bly due to the t ],
gbdomunal girth and fat deposits on the chest wall which perrit only
shallow diaphragmatic breathing 11426 Despite maintenance of minute
volume by ncreased respiratory rate a pont 1s reached where the tidal
volume falls so low that alveolar hypoventilation occurs The hypoxia
presumably mtiates the cycle of polycythemia hypervolerma pulmonary
hypertension and nght sided heart farlure The entire syndrome 1s revers
1ble by weight reduction

There 13 no as to the freq y with which nght ventricular
hypertrophy occurs 1n association with pulmonary tuberculosis Nemet
and Rosenblatt®® reported exclusive hypertrophy of the night ventricle in
33 8 per cent of seventy-one pulmonary tuberculosis patients studied post
mortem On the other hand Gnggs Coggins and Evans v found only
3 7 per cnnt of pure nght ventricular hypertrophy in 1470 patients with

d by other pul y disease Ths latter find

mg 1s in better accord with the general opmion on this subject When
congestive heart fallure occurs it 18 usually in patients with advanced
bilateral disease In this mstance emphysema accompamed by severe
fibrosis and red mp Y lar bed usually coeusts The
roentgenogram and electrocardxograms from an lustrative case are repro
duced 1n Figure 2

In Group II reduction in the pulmonary vascular bed by pulmonary
parenchymal disease or conditions localized mainly mn or about the pul
monary vessels may be the imtiating factor in the development of chromc
pulmonary heart diseace In most of these cases hypoxemma 1s not a factor
early i the course and does not play a major role i the developrrent of
pulmonary hypertension as 1t does 1n the first group In the earlier stages
pulmonary hypertension occurs only dunng exercise when the increa ed
blood flow does not have access to reserve channels present in the normal
lung  As the vascular bed 1s further restricted hypertension develops even
at rest If the patient does not die of pulmonary insufficiency he will even
tually develop anoxerma first with exercise then at rest This anoxemia 15
thought to result from three factors (1) Alveolar capillary block occurs
m patients with granulomatosis and diffuse interstitral fibrotic lesions  (2)
The factor of contact time 1 of 1mportance i many cases ™ To mam
tam a speafic volume flow through a restricted vascular bed the rate of
flow must increase with exercise At a cntical level the flow becomes so
rapid that alveol: and blood are not m contact sufficiently long for diffu
sion of gases This results in a widened alveolar arteriole oxygen tension
gradient and unsaturation of arterial blood (3) Emphysema often accom
panies the extra lummnal processes and results in the cycle of events
previously described
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Since, m the earlier stages of this group, the factors of anowua and
hypervolerma play a small role, no stage of high cardiac output precedes
the eventual cardiac fallure When failure does develop 1t may be precipt
tated by acute anoxia (due often to superimposed acute mnfe ), and 1t
18 characterized by dimmushed cardiac output and irreversibihty The
latter 15 dependent on pathologic changes which cannot be altered thera
peutically

The specific diseases form a diversified group Of those involving prt

manly the pulmonary artenal tree the most controversial is primary
pulmonary hypertension It has been variously desersbed under headngs
such as primary pulmonary vascular sclerasis 1diopathic pulmonary hyper
tension nght ventricular hypertrophy of unknown ongmn, Ayerza's syn
drome cardiacos negros and many others 17 The question as to whether
this syndrome actually exists has not been concluswely settled If1s
defined by Dresdale3# as an elevation of pulmonary artery pressure with
nght ventncular hypertrophy swhether or not associated with pulmonary
vascular sclerosis McGuire3? restricts the defimition to right ventnealar
hypertrophy and pulimonary artery hypertension m the complete absence
of other cardiac or pulmonary vascular disease The nature distribution,
and seventy of the pulmonary vascular changes prouumal to the capillary
bed vary considerably 1n those cases where changes are reported to have
been present 38 61 110 These changes embrace atheromatous plaques of the
stem and large elastic arterses alone or 1 conjunction with fibrous mhmal
thickening and narrowing of the smaller arteries and artenoles medial
hypertrophy ntimal sclerosis, and thromb 1 various stages of organiza
tion 143410 Whether the obliterative scleroms or thrombosis 1s the cawe
or effect of the pulmonary hypertension has evohed constderable argument
It 13 pointed out that these intumal ch are mdist hable from
those seen with recurrent pulmonary emboli The primary factorn produc
mg hypertension 1n those with predommant medial hypertrophy has beet
suggested to be the persistence of fetal type pulmonary artenal tree *¥ The
chmeal course 15 characterized by 1ts appearance n the younger age grovp
of forty to sixty years, with a predommance of females {60 per cent) Exet
tional dyspnet effort syncope, chest pain closelv resembling that of angin?
pectons and varying degrees of cyanosis without clubbing of the fingers 8¢
of special importance There 15 usually a rapid downhill course lastng fue
to sixty months termmating 1n right ventricular failure and occastonally 18
sudden death Deaths have been reported following Decholin circulation
time determmation and cardiac catheterization 103

The term ‘Ayerza s disease * was ongmally papularized by three students

of Ayerza m describing a condition charactenzed by severe cynosts 21
polycythemia {cardiacos negros) associated with pulmonary disease The
conditron was presumed to be of syphihtic ongin 70 Since then howe
the designation has been used to descnbe primary pulmonary hyperlrcnsmﬂt
severe obstructive emphy sema with pulmonary arterosclerosis and & hos!
of other diseases charactenized by pul y arteniosclerosis hypertensio®
cyanosts, and night sided heart falure It would be best to drop this te®
from general usage

very
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In expenimental ) 1 ! closely bling that seen
i the syndrome of primary pulmonary hyperiension has been produced
by repeated pulmonary embohization with fibrin blood clots and ammotic
flmd 198 The histologic reaction 1s pnmanly confined however to the
mtima with a normal or atrophic medial coat 6348 The climeal counter

part 1s bemng d with I y emboll

erther r d or d el lly, are nuw a well-established

cause for the development of chrome pulmonary heart chsease 817926
Chromic massive main or stem pull y artery thromb has also

been mcnrminated 8160699101104 Ths was reported esther in conjunction
with pulmonary embolication or chrome pulmonary disease or both Sur
vival mn the face of mam stem thrombosis 1s permitted through rapid
e of b h 1 y artery Venous
d hy will readnly rate the p of such a th L 57

Pulmonary thrombosis and 1nfarction occurnng in a patient with sichle
cell anemra are suggested by episodes of chest pain unexplained dyspnea
or pneumomtis 84 Repeated infarctions 1n the sickle cell state may lead to
chronic cor pul le though derable reduction of the pulmonary
vascular bed must occur This complication 1s most apt to develop in the
presence of severe anema a high percentage of S hemoglobin frequent

fe and sudden di ds for greater oxygen utilization

These stntes may 1mtiate sickle crises with subsequent intravascular
thrombosis

In areas of the world where schist ! cor pul it
may be found 1n 2 to 5 per cent of patients harbormg this parasite 49 It1s
usually a complication of Schistosoma hepatic arrhosis The pathologic
prcture 15 one of relapsing endartentts of serous fibrinous and hemorrhagic
types in small arterioles thrombus formation pseudoaneurysms and angi
omatoid structures 7~ Except for the latter which are quite charactenistic
of this disease the changes are similar to those which may be seen in
rheumatic fever, thromboangntis obliterans and polyartentis nodosa 2
The exact mechamsm for production of this arteritts 1s unhnown It 1s
presumed to be the result of (1) an allergic reaction to toxins elaborated
by the Sct ova or (2) 1 reaction withm or around
the obstructed arteriole secondary to the physical presence of the ova
The development of right sided heart failure 1n these patients 1s an omt
nous sign and 1s usually followed by cyanosts Abrupt termmation of the
illness 1n death 13 to be espected at this stage

Syphilis of the pulmonary arteries 1s an extremely rare condition Bren
ner reports that there are only fourteen cases reported in the hiterature m
which the diagnosis 1s reasonably well proved 12

The group of diseases listed under the extraluminal processes i Group II
all have 1n common the production of diffuce mterstitial fibrosis or granu
loma Only occasionally 1s the extent of the granulomata of sarcoidosts and
berylliosis sufficient to reduce the pulmonary vascular bed to an extent
capable of elevating pulmonary artery pressure

Anthracosilicosss 15 frequently the cause of pulmonary heart disease in
mming regions where anthracosilicosis rather than pure sihcosis occurs
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Pure sthicosis leads to early disability and death from silicotuberculosts,
thus allowing nsufficient time for the development of cardiac mamfesta
tions A valuable statistical study of this subject 1s that of Coggm Griggs,
and Stilson"® who found night ventncular hypertrophy to be present at
autopsy m approxmately one half of 102 pneumocontosts patients Defi
mte congestive fatlure was more frequent in these subjects (51 per cent)
than was tuberculosts (41 per cent) Wells corroborated these findings
1954 112 In 136 patients with massive pneumoconiosis, autopsy showed
that 42 per cent had chrontc pulmonary heart disease wathout evidence of
left sided heart disease But of seventy one patients with pneumocontosis
plus tuberculosis only 17 per cent died of pulmonary heart disease
(Figure 3)
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FIGURE 3 Chest x rays and electrocardiogram of a fifty eght year old male with
advanced anthracosilicosis and chronmic pulmonary heart disease Enlarged pu!
monary conus indicated on x ray by arrow Electrocardiogram shows normal axis
wath large broad P waves in Leads I and III Tests of curculatory function i
thus case indicated meipient night sided heart falure Death resulted however 1ot
from congestive failure but from acute miliary tuberculosts which developed a few
weehs after the above x rays were taken (Temple Umversitv Hospital case)

Broadly speahing, the 11 d ' are capable of producing
interstitial pulmonary fibrosis as well as pulmonary arterial changes an
rarely pulmonary heart disease >~ In scliroderma there may be foux‘ln
large irregular masses of fibrosis or diffuse fibrosis with cystic formation
Lupus eryth t prod hanges of bronct moma
edema and occasionally alveolar fibnnoid degeneration as well 83 the
better known vascular changes Polyarterttis 1s charactenzed by 2 necro
tiztng artentis Rheumatoid arthritis may be associated with pulmonary
fibrosis—either localized or diffuse  Spectal mention should be ade ©
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rheumatic pneumomnitis Patients who have suffered from long standing
rheumatic infection frequently present in addition to chronic damage of
the heart valves an nterstitial pneumomtis with hyperplasia of elastic
tissue  Previously 1t was assumed that this change in the lungs was a
result of long standing pulmonary congestion due to mutral stenosts The
studies of Gouley 2 have shown howesver that while congestion intensifies
the fibrosis 1n the lungs 1t 1s only a secondary factor m the production of
fibrotic changes Pnmanly involved 1s a chronic rheumatic interstitial
pneumomtis which like rheumatic myocarditis 1s often accompamed by
evidence of recurrent imnfl 1on  Histol h consist of alveolar
hrung cell proliferation organmization of exudate fibnnoid necrosis of
broncheolar lJamma propna and artentis ¢+ The nght sided heart faillure
which charactenistically terminates rheumatic heart disease may then
result at least in part from fibrotic pulmonary disease Gouley has shown
that such failure may occur even 1nt the absence of significant mitral valvu
lar dysfunction Such cases as these could be correctly classified then as
examp'es of pulmonary heart disease of rheumatic ongn

In summary a schematic dragram 1s presented (Figure 4) to illustrate
the general principles mnvolved 1n the development of pulmonary heart
disease °8

Obstructive emphysema (Group I)
Bronchospasm

Alveolar capillary Pulmonary infection
block

(Group II) Alveolar hypoventilation
\Anoxla Anatomic restriction
\ of vascular bed

Pulmonary vascular spasm (Group II)
Hypervolemia
polycythemta =—> Pulmonary hypertenslon
increased viscosity 1
Riught ventricular
hypertrophy
Increased cardiac 13
output Right heart failure
FicurE 4 General les i of y heart disease

Chinical Features The diagnosis of chronic cor pulmonale would be
made 1rregularly if reliance were placed solely on the demonstration of
nght ventricular hypertrophy since early detection of such hypertrophy
1s extremely difficult A high index of suspicion must be mamtamed there-
fore to correlate all d so that a p
may be made before marked progression of the disease has occurred

The symptoms and signs of chromc pulmonary heart disease are first
those associated with the primary pulmonary disease and second those
produced by the cardiac dysfunction The pulmonary symptoms and
signs need not be discussed 1n this chapter since such a discussion would
be beyond the scope of this book It must be emphasized however that
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dyspnea, due entirely to the pulmonary disea<e 1s very commonly encoun
tered The presence of this symptom then does not necessanly mmply
cardrac falure as 1t so often does in other forms of heart disease Cyanosis,
Lkewise may be due entirely to the patholomic condition 1n the lung
though 1t 1s frequently aggravated when cardiac faillure occurs
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FIGERE 5 Patient IM with Hamman Rich syndrome hsted m Table T ’I'he
findings are classical for nght with
crease 1n the abnormality over a nine month penod

oF

As a result of the development of pulmonary function stucies 1t has
become possible n recent jears to estimate vwith a farr degree of accuracy
the degree and type of pulmonary nsufficiency m any gwen case and
to follow the progress of the functional impairment with the advance of
the pulmonary disease The findings in three patients with serious pulmo
nary disease are presented m Table I and will serve as an illustration
of the value of these tests It will be noted that 1n the first patient (J B )
the pulmonary function studies indicate severe obstructive pulmonary
disease with nability to ventilate the lungs properly resultng n artenal
oxygen unsaturation This 15 consistent with the chnical diagnosis of
pulmonary emphysema In the second patient the pulmonary function
studies were compatible to those 1n patients with severe restrictive pul
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monary disease and the chimeal diagnosis of Hamman Rich syndrome
The major abnormality was a markedly reduced vital capacity The elec
trocardiogram (Figure 5) demonstrates the progressive development of
right ventricular hypertrophy Case three (J R) illustrates essentially
normal pulmonary function studies n the presence of severe dyspnea and
right sided heart fallure  The electrocardiogram and chest x rays were
those classically associated with pulmonary artery hypertension Two days
prior to death, severe cyanosis appeared which was not amenable to
correchion with oxygen The climcal and autopsy diagnoses were pul
monary schistosomasis with diffuse pulmonary arteriolitis The decreased
maxmmum breathing capacity perhaps represented a degree of Iung stiffness
which nterfered only with a maxunum ventilatary effort No pulmonary
parenchy mal disease w1s present
Three stages may be r 1 1 the devel t of the pulmonary
heart disease syndrome 'The first 15 that during which pulmonary hyper
tension 1s developing but maimntenance of pulmonary circulation exists
In the case of obstructive emphysema this may last ten to filteen years
with gradual elevation of pulmonary pressure corresponding to the pro
gression of impared ventilation and hypoxia 100 At this time there 13
seldom any evidence of cardiac imvolvement There are no symptoms
other than those which can be accounted for by the lung disease, and on
phystcal examination accentuation of the pulmonary second sound, due to
pulmonary hypertension may be the only cardiac finding Other findings
gradually 4ppear marking the onset of the second stage with nvolvement
of the heart and development of rght ventricular hypertrophy These
meclude a forceful subxiphoid or left parasternal systolic thrust a pulmoni
systolic or left parasternal diastohc murmur, a spht pulmonary 595""“‘3
sound and palpable closure of pull y valves Recently, Leatham
has described an early systalic sound resembling a widely split pulmonic
first sound 1n patients with cor pulmonale and a dilated pulmonary artery
Unlike a spht first sound which 1s often best heard at the mitral of in
cuspid area, this 1s heard most distinctly m the left second or third nte?
costal space next to the sternum The roentgenographic and electrocardi0
graphic abnormahties which have made possible a recogmtion of t“e
disease process in this stage will be discussed later Patients gener® Y
remain 1n this state of compensated heart disease a considerable pero o
tire often years before gradually passing into the third stage that 0
congestive heart failure Those with alvealacapllary block howeser gen
erally have a much shorter hfe span after the onset of therr pulmonaty
disability 1
In the third stage the well known festations of d pensation 0
the nght ventricle appear These include ncreased venous pressul
enlargement of the hver, edema of the d. dent parts, alk 13, aﬂs
other evidence of renal congestion 1n the urine and 1n advanced casi“
ascites and hydrothorax Enlargement of the heart may be detected e
physical exammation although this 1s often very difficult in the Pfesmay
of emphysema or other advanced pulmonary disease Gallop rhythm ™ M
be heard along the left sternal border Its presence indicates a poot pro
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FiGURE 6 A Pulmonary emphysema with chronic pulmonary heart disease 1n a
male aged sixty six Dyspnea and productive cough for five years Congestive
failure for two weeks prior to first admssion to hospital Marked 1mprovement
on rest digitalization diuretics and oxygen 1nhalation Second attack of congestrve
failure six months later resulting 1n death 1n sprte of treatment The roentgeno

gram taken in the routine posteroanterior positton shows the contour of the heart
to be that of enlargement of the outflow tract of the nght ventricle The convexity
of the left middle border (arrow) of the y artery
as 15 well shown by the postmortem specimen from this case photographed 1n a
position corresponding to that of the heart in the roentgenogram B Same case as
mFig 64 and 1n the nght antenor obhigue
position The convexity of the rmdventral portion of the cardiac sithouette 1s seen
to be formed by the pulmonary artery in its upper portion and by the pulmonary
conus 1n the lower (Temple University Hospital case )
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nosis Major arrhythmias in general have been unusual in chronic cor
pulmonale In 1958, however, Corazza2? reported various arrhythmas in
forty seven of 122 such patients (31 per cent) Most of these arrhythmras
were premature atnal and ventricular beats and supraventricular tachy
cardias In patients who have reached an advanced stage of fature, the
course 18 often a progressive one despite intensive treatment

R fogic E: Ths 1s of paramount importance m the
diagnosts of pulmonary heart disease In the first place, this study wall
yield smpertant information concerming the character of the pulmonary
disease present In the second place, a careful examnation of the heart
contour will usually mive d of cardiac 1nvol t, when such 13
present, by demonstration of enlargement of the outflow tract of the nght
ventricle 387 The latter 15 an important early mdication that pulmonary
hypertension exists, and may be recogmzed when the normal concavity of
the left border of the cardiac silhouette 1s replaced by a bulging conveuty
representing enlargement of the pulmonary artery and conus (Figures 3
and 6) This bulging convexity 1s usually more marked i the nght ante
ror obhique position than m the anteroposterior When there 1s uncer
tamnty as to the status of the mght ventricular outflow tract m the
conventional roentgen e tion, accurate t of the ndt
vidual chambers of the heart and of the thoracic vessels may be acheved
by angocardiography This method consists n the rapid intravenous
mjection of 70 per cent Drodrast or 90 per cent Hypaque followed by the
taking of roentgenograms at short intervals to visualize the passage of the
dye through cardiac chambers and thoracic blood vessels This method
has greatly extended the value of roentgenology m the d of early
chrome pulmonary heart disease

In the later stages of chromc pulmonary heart dicease, enlargement of
the body of the night ventricle 1s added to the earher outflow tract enlarge
ment, and there will be noted at this time 2 prommence of the nght ver
ncular contour 1n the left anterior oblique posttion Enlargement of the
night atrium 15 seen infrequently There 15 usually no 1ncrease n the trans
verse diameter of the heart, a fact worthy of considerable emphasis since
this measurement 15 so often relied upon as an index of cardiac size Chara
actenstically enlargement of the hilar shadows reflecting the enlarg®
mam and stem pulmonary arteres 15 present There 1s then, however, &1
abrupt reduction 1n caliber of secondary and tertiary branches resultng 18
ohgemic peripheral lung fields 5194 Thus abrupt transition may be we
if rated by d hy

Mitral stenosis and certain forms of congenital heart disease (not"‘bl’;
pulmonary stenosis and patent ductus arteriosus) are important causes ©
enlargement of the night ventncular outflow tract, and must, therefore
differentiated from pulmonary heart disease In rmitral stenosis there
be evidence of left atnal enlargement demonstrable m the left Pr"led“;n
with a banum filled esophagus Left atnal enlargement 15 only T84T
observed m pulmonary heart disease Congemtal abnormalities M2y, "
differentiated usually by the hustory and physical findings, but ;
cathetenzation and 3 phy may be ry mn somé Cas
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A sign frequently observed fl .y 1n cases of advanced pulmo
nary emphysema or fibrosts 1s \/ followed by expira
tory diminution of the cardiac sxlhouctte, more marked on the nght side
than on the left 192 This sign 15 u f 1on of marked d mn
lung tissue elastiaty When lung tion 1s s0 1, the p

tissue cannot raprdly adjust 1tself to changes 1 the volume of the thorax
The respiratory movements of the chest wall are thus transmitted to the
heart Whether or not this effect plays any sigmficant role in the eventual
development of heart farlure 1s not known

Electrocardiogram This may or may not prove of diagnostic value 1n
patients suspected of having chronic pulmonary heart disease When defi
mite nght axs deviation 18 present and 1s not accounted for by the presence
of mitral stenosis or congemtal heart disease, 1t 1s of considerable value In
many cases of chronic cor pulmonale however, a normal axis or even left
axis deviation may be found This 1s particularly true 1n cases of emphy
sema with coexisting hypertenston of the greater circulation

Abnormalities of the P wave are found in some cases, and, when present
are of diagnostic importance These changes consist 1n increased height
and breadth of the P waves in Leads I and III Notching 1 rarely seen
Dunng periods of congestive falure the enlargement of these waves may
disappear reappeanng with return of ton (Figure 2) M y
variability 1n size and shape and direction of the P wave may occur as
seen 1n emphysema particularly without apparent change in the clinrcal
course 82 The P wave enlargement so commonly seen 1 cases of mitral
stenosis 1s usually most marked 1n Leads I ﬂnd II and conspicuous notch
mg 13 frequently present In t.
berght of the P waves 1s not assoctated with mcreased width

The application of umpolar elect: d hy to the problem of the
chromc cor pulmonale$? ! 7 has been extremely helpful It has been shown
that the typical findings 1n the standard leads are due to a rotation of the
heart in a clochwise manner on 1ts longitudinal axis with a backward dis
placement of the apex In the precordial leads there tends to be a reversal
m the ratio of the amphtudes of the R and § waves 1n Leads V; and Vg

1zed by an -t 1ly large R wave 1n proportion to the S nave

m Lead V, and a prominent S wase in Lead V; Johnson®s and Scott108
have shown that when there 15 electrocardiographic evzdence of right ven
tricular hypertrophy there wll be mean pul y artery hyp of
30 mm Hg or more Dexter has found in addition that the nght ventncu
lar hypertrophy pattern did not appear until total pulmonary resistance
exceeded 750 dynes per second per centimeter-s 31 Completely normal
tracings h , may be ot 1 1n patients with well ad d pulmo
nary heart disease O« 1y lete or lete right bundle
branch block 1s found mn place of the nght ventrenlar hypertrophy pattern
The T waves from the right precordial leads are frequently inverted whle
those from the left precordium are generally upright If there 1s associated
disease which causes left ventncular stran (eg hypertension in the
greater circulation) there may be an absence or dimmution 1n the amplt
tude of the S waves from the left of the precordrum A QS type of complex
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1 the nght precordial leads m chromic cor pulmonale occurs with constder
able frequency and does not mndicate the presence of myocardial mfarction

Studies of the Circulatory Function Varous tests of circulatory func
tion are of diagnostic value 1n many cases of pulmonary disease Oppen
hermer and Hitzig have extensively mvestigated this subject 93 They have
shown that 1 uncomplicated pulmonary disease the findings in these tests
are normal Ths 1s also irue even in the early stages of pulmonary heart
disease when right ventricular enlargement 1s present, but m which decom
pensation has not occurred The presence of abnormal eirculatory meas
urements indicates that pul; "y fi ¥ 18 plicated by myocar
dial wnsufficiency 'The myocardial failure may be meiprent or frank 150
lated failure of the right side of the heart resulting from the pulmonary
disease or 1t may be due to unrelated, coexisting cardiovascular disorders
which produce exther left ventricular or unwersal heart failure Inciptent
right «ided heart fatlure 1s charactenized by the presence of a normal mitial
venous pressure and a varymng nse m this pressure during compre-sion of
the nght upper quadrant of the abdomen The arm to lung circulation
time (ether time) may or may nat be prolonged and the lung to tongue
time (sacchann or Decholin time mnus ether time) 1s normal In frank 150
lated right sided failure there 1s a high imttial venous pressure, a considerable
r15€ 1n pressure on nght upper quadrant comp a prolonged arm to
lung time and a relatvely normal lung to tongue time Left sided heart
farture {due to coewisting cardrovascular disease such as hypertens on of
coronary artery disease) 1s characterized by a normal imtral venous pressuré
with or without a r1se on rght upper quadrant pressure, and a considerably
prolonged lung to tongue time Universal heart farlure secondary to disease
of the left side of the heart and possibly to pulmonary disease addihon
combines these features of left and night sided heart failure

Special mention should be made of the usefulness of cardiac catheterz
tion  Obviously this will reveal pulmonary artery hypertenston if it 18
present The presence of a normal pulmonary capsliary pressure aids i the
differential diagnosis by ruling out processes i the left side of the heart 23
& cause of the pulmonary hypertension The wedge pressure 15 normal m
mstances of pulmonary disease 19190 Care must be used mn the selectton
of patients for catheterization as sudden death has been reported durirg or
sho:t‘lgvs after the procedure in those having primary pulmonary hyperten
sion

Diagnosis The following cntera should be established before mahing
ad of ch 1 'y heart disease (1) the presence ofpmm}:’
nary disease of a type which may be responsible for hypertension of the
lesser circulation and (2) evidence by roentgenogram or electrocardi0gTa™
of nght sided heart hypertrophy not explamned by the presence of ytt2
valve disease or congemtal cardiac abnormality or left ventricular 1St
ciency Right ventnicular failure i a patient presenting these qunhﬁpae
trons 1s further evidence 1n favor of such a diagnosis but‘need not

present  Ci y ts may ind pient nght ;(‘: N
heart farlure mn the absence of other findings usually relied upon <o of
diagnosis of myocardial insufficiency 'These measurements and the
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cardiac cathetenization may alse ard mn diffe ting cases of pul 'y
heart disease and those of pulmonary disease 1n shich there 18 & coevisting
cardiac condition of a type unrelated to the pathologic condition m the
lung

Treatment Since the d 1 lications arise from the
underlymg disturbance in pulmonary functlon the treatment of chrome
cor pulmonale must tnclude an attack upon the pulmonary msufficiency
Treatment of the latter can only be beneficial if the nature of the lung dis
ease be known The first step in treatment 1s proper diagnosis of the under
lying pulmonary disease *

It 1s not within the scope of this chapter to discuss i detail the treat
ment of the vanous etiologic factors previously descibed The reader 1s
referred to several excellent reviews on this subject *8 43 645994 Brief em
phasis may be placed, hownever, upon the more general and practical as
pects of such treatment smce thoughtful attention at strategic times duning
the course of the primary disease may prevent the development of right
sided heart failure

From the section on etiology 1t 15 evident that the treatment of chronic
cor pul le usually 1 the t of chronic obstructive
emphysema or pulmonary fibrosis In review three fundamental disturb
ances 1n pulmonary function develop 1n the former (1) gross impedance
of air flow 1n and out of the lungs (2) the air 1s unevenly distnibuted to the
alveoli and (3) the blood passing through the lungs 1s similarly unevenly
distributed to the alveol: The last named 1s not amenable to therapy but
the first two are The 1mpedance to air flow and the uneven distnibution of
alveolar gases stem from Joss of elasticity of lung tissue bronchiolar spasm,
mucosal edema retentron of and dates Dihgent lication
of vaponized hronchedilators (Isuprel Vaponefrin} antihiotics, sputum
liquefiers {potasstum 10dide terpin hydrate) oral bronchodilators (sub
bngual Tsuprel tablets ammophylline ephedrme) postural drainage
bmnchoscopy aerusul musts {trypsin) synthehc detergents {Alevaire)
and ly adrenal sterords?! for refi y will mam
tam pulmonary sufficiency for years Education in abdominal breathing
etercises may increase diaphragmatic excursions remarhably Acute imnfec
tions must be scrupulously avorded or treated since 1t 15 during such ep1
sodes that anoxia and hypercapma may become the dommant feature In
such patients hospitahzation 1s required with prompt admimstration of
the above procedures as required 'The use of sedatives 1s to be stnngently
avorded because of their d to d
Osxygen, 1f used in the presence of elevated serum carbon dloude must be
given intermuttently or 1n conjunction with a mechantcal respirator to avord
complete suppression of the respiratory center and apnea Diamox has
been found useful occasionally 1n lowerng serum bxcarbonate and serum
pH  therehy red the dep: action of el ] plasma carbon
dioxtde on the respratory center 107 116 117

In the presence of pulmonary fibrosis and pulmonary vascular disease

the anatomic lesion 13 chiefly ble for the pull ry hypertension
rather than the anoxia and hypercapma seen with emphysema The out
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look, therefore 1s bleak at best Rigorous restriction of physical activity
35 of primary mmportance mn an attempt to reduce exacerbations of pulmo
nary hypertension The use of cortisone and 1its denvatives has offered
some hope of hmuting the cellular proliferation 1n some cases of alveolar
capillary block 1*® The previous ad tions regarding pul y wmfec
tion are of course ipplicable 1n the avoidance of anoxia and carbon dioxide
retention Smokung 15 absolutely contramndicated because of 1ts wntating
and bronchoconstricting effects
The specific cardiac therapy of patients mn farlure with chrome cor pul
monale consists 1n the judicious use of those measures umversally employ ed
1n heart failure due to other forms of heart disease 52 These include rest
digitalis duretics and low salt diet Digitalis was once constdered vilue
less i chronic cor pulmonale 62 Cournand however, has convincingly
demonstrated that digitalization ultimately results m a decreased cardiac
output decreased pulmonary artery pressure, and unproved pulmonary
function 3° The Jast 15 evidenced by mmproved artersal oxygen saturatton
Cardiac rate alone must not be used as the sole guide fo full digitalization
since these patients, even when not n failure tend to run resting venticu
lar rates of 90 to 100 Digitalis if pushed may easily produce 1ntoxication
The effects of dimitalis are not as dramatic as those often seen m left ventn
cular fallure Diuretics are mndicated when frank nght sided falure has
occurred
Special mention should be made of the value of oxygen administration
a method of treatment emphasized by Barach ¢ Patienis with pulmonary
nsufficiency of sufficient sevenity to produce cardiac embarrassment show
erther a thrmmshed oxygen saturation of artenal blood or normal oxygen
levels mantained at the expense of mereased ventilation Continuous ad
mmstration of oxygen to these patients often rehieves dyspnea and reduc
pulmonary ventilation As noted previously, however great care must be
exercised when 1t 1s ad tered 1n the of respiratory acdosis
anad 1t may be necessary to use ntermittent or mechanical respirator
Phlebotomies of 300 to 500 mulliters at a time may be dramatically
effectual ;n patients with severe anoxia plus polycythemia and hyper
volemia  Senal defermunations of hematocrit readmngs and hem"g"’b"""
values will permut reduction of hematacrt levels to 45 to 50 per cent Wi
out reduction of hemoglobin below 12 0 grams
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Cardiac Hypertiophy and Dilatation

Introduction Hypertrophy and dilatation of the heart are commeonly
present 1n primary diseases of the cardiovascular system They also occur
1n systemuc ciseases many of which are hnown and understood moder
ately well while others that are undoubtedly a factor in their causation
have not yet been discovered On the other hand 1t should be emphasized
that the presence of a heart of normal size and shape does not exclude
heart disease
Methods for estimating the size of the heart during hfe are necessanly
mndirect and depend principally upon muscle mass force of contraction
and blood content Since the size of the normal heart has a wide range of
varation a considerable mcrease must occur before enlargement 1s appre-
aated chimeally or radiologically
The use of enlargement 1s preferable to that of hypertrophy or
dilatation’ because the d 10n of these of enlarge
ment 15 very uncertan Moreover an element of both 1s almost always
present The recognition of dilatation duning hfe 1s usually retrospective
and presumptine? Although the volume of residual blood in the night
ventnicular cavity may be determined approuumately by special techmes 4
1t has only a crude correlation with the total capacity of the heart Angio

d hy 1s useful n d ntracardiac volume and thickness
of heart wall 5

The lay mndividual 1s fearful of the diagnosis of enlargement as an ndr
cation of an mncurable condition leading sooner or later to death The
practitioner 1s lihely to diagnose enlargement as a disease per se Of
course 1t 15 not the enlargement which 15 wmjurious but that which 1s
responsible for the enlargement A full understanding of cardiac enlarge
ment of 1ts functional and prognostic evaluation and of 1ts proper treat
ment demands knowledge of the conditions that produce 1t and of the
rate at which they act 6

Anatomy and Pathology The size of the heart at autopsy 1s usually
det d by vanous d ters the thickness of the myo
cardium and by weighing Important factors which must be considered
1n an analysis of heart weight are body weight and length sex and nounsh
ment Tables are avalable in which these are correlated in normal

ndividuals 89
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The heart weighs approxiumately 300 grams mn the normal adult male
and approximately 250 grams in the normal adult female® Some prefer
to relate the weights of the body and the heart, feeling that the whole
must be related to any of its parts At birth the heart weight averages
062 per cent of the body weight i males and 0 45 per cent females
In adults 1t 1s approximately 0 55 per cent 1n males and 0 53 per cent
fermales 19 Smaller percentages, such as 043 per cent m males and 040
per cent 1n females have been reported,” but 1t has been suggested that
these may be too low, masmuch as the data were obtamned from mdt
viduals with emaciating diseases and body weight at death was not con
sdered 11 Greenwood and Brown?? found that the weight of the heart
1s approximately 0 575 per cent of the weight of the body Zeeh® preferred
correlation of heart weight with body length rather than body weight
because height 1s a much more stable factor in body buld and 1s much
Iess nfluenced by disease In the normal male the heart weight, m grams
15 19 body length (in centimeters) — 21 == 40, and m females, 178
body length — 2158 = 30 Varous diameters of the heart at autopsy
may be measured, such as the distance from the base to the apex of from
one border to another 13 These are necessanly erude and the range of
normal vanation 1s considerable For the recogmtion of hypertrophy the
thichness of the myocardium 1s measured Such measurements should not
include the other hmings of the heart, or the papillary rmuscles or the
columnae carnese The thickness of the myocardum of the outer %
of the left ventricle midway between the apex and the mitral valve 15 10
to 12 mllimeters and that of the right ventricle midway between the
apex and the tricuspid valve 1s 3 to 4 milhimeters 14 The actual measure
ment should be accompamed by a statement describing the gross
microscopic appearance of the myocardium

Hypertrophy refers to an inherent enlargement of the muscle fiber
and not to an increase i size due to edema fibrosis fat amylod o
glycogen The myocardium of the hypertrophied heart 1s usually firm
beefy and thickened The papillary muscles and the columnae carneae 2r¢
promment The endocardum may be opaque There 1s an increase i size
of the muscle fibers both 1 transverse and long diameters The nucler
are enlarged and may be distorted and hyperchromatic The normal ratio
of one capillary per muscle fiber 1s preserved There may be inflammatory
and degenerative changes or fibrosis that may or may not be related to
the hypertrophy

Dilatation denotes an enlarged capacity of the cardiac chambers A
dilated heart 15 usually flabby in consistency The valve orifices may be
widened and the intracavitary muscle bundles flattened The intercalated
disks of the muscle fibers particularly those near the endocardium may be
ncreased Varous types of d we ch dependsmg upon the
underlying cause may be observed

More objective methods for the diagnosis of dilatation are desirable
The capacity of the heart has been measured by filing the heart with
hquid under pressure or with melted wax Another method consists ©
determmng the volume of the myocardial mass by the principle of dis
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placement or by dividing the werght of the myocardial mass by the specific
gravity of the myocardium that has been estimated to be 103 The capac
1ty of the heart could then be denved from a consideration of the heart
solume estimated from roent h ts and the myo
cardial volume 3
The term tonogenous dilatation refers to & cornpcnsatoq dilatation of
the healthy heart muscle b of an t. to outflow of
blood It begins 1n the outflow tract of a ventricle which 1s below the
aortic onifice in the left ventricle and n the pulmonary conus 1n the night
ventricle and progresses agamnst the direction of the blood stream down
to the apex Subsequently and slowly the inflow tract 1s involved agam
m a direction opposite to that of the blood flow so that the dilatation
finally reaches the respective A V nings Elongation of the heart prevails
over wid My dile refers to dilatation closely assoct
ated with impaired contractility of the damaged myocardium It mvolves
simultaneously all parts of the ventricle m question quite umformly and
the result 1s a predommance of widemng over elongation
The Nature of Cordlac Enlargement Why the heart enlarges 1s un
known A stimulus for enlargement 1s frequently a demand for an
creased cardiac output or an obstruction to blood flow either within the
heart or in the pertpheral circulation Under such circumstances 1t 1s
believed by some that the heart enlarges because more work 1s requured
Others believe that enlargement 1s a consequence of a diminished blood
supply or of tissue injury Most investigators believe that 1t 1s related to
a stretching of the muscle fibers resulting 1n a larger surface area for
greater nutntive diffusion3 Any muscle will increase m size if perfused
with more blood But the ratio of one capillary per muscle fiber does
not change with increased size of the fiber Moreover since the basis of
this theory rests upon Starlings law of the heart 1t 15 pertment to be
remmded that the validity of this law depends upon equal degrees of
veness 1+ Hypertrophied hearts are umform only 1n
the sense of being enlarged hearts but not 1n the degree of enlargement
cardrac output work capacity or efficiency
Our preoccupatmn with heart fallure and the knowledge of 1ts almost
with d heart size has resulted i undue
emphasts of mechanical factors alone Catheterization studies have dem
onstrated that cardiac enlargement may ewust without change 1n cardio
h mics 18 M tal and clmical cardiac hyper
trophy due to such non mechamcal factors as winfection avitaminoses and
endomnopathy and others are well known 1713 There 1s therefore an
to der primarily the bohsm of the heart and
m the future the influence of mechanical factors will have to be inter
preted upon the basts of brochemical changes ncluding energy production
and utilization 19
The enlarged heart 1s not necessarily a pootly functionung heart Most
mdividuals with increased heart size have normal effort tolerance It 1s
well known that individuals with valvular disease such as aortic regurgt
tation, may experience steadily increasing heart size without symptoms
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or hmitations Usually, 1t 15 the physician who imposes the lmutations
Whether or not these restrictions are beneficial in the absence of heart
failure 1s not established They are based upon the assumption that
there 15 a limut to cardiac hypertrophy and that any mncrease beyond this
Iimut will result in cardiac decompensation This hypothesis presupposes
the existence of not only an absolute it of hypertrophy but also that
hypertrophy alone 1s present It has been stated that hypertrophy s at
a maximum when all of the musele fibers are enlarged and umform 1n size
Recent studies, however suggest that even in the largest hearts no such
unmiformuty exists and that even 1f the single muscle fiber has reached a
maximum hmit, daughter fibers arise and subsequently increase 1n size 1
The heart 1s structurally and chemucally prepared for marked mcreases
1n size
Enlargement of the heart does not mean hypertrophy alone There 1s
probably always an associated dilatahon It has been suggested that dila
tation 1s dominant early 1n those with valvular defects and hypertrophy
1n those with hypertensive or coronary artery disease 3
Enlargement of the heart 15, of course reversible However when the
heart decreases m size after 1t has been enlarged the assumption 15 that
dilatation or pseudohypertrophy due to edema or other causes was
present and not true hypertrophy A prion 1t 1s felt that true cardiac
hypertrophy 18 rrreversible Experimentally however there 15 evidence
that suggests the reversibihty of cardiac hypertrophy 2¢ Furthermore,
1t can be cited that skeletal muscle appears to decrease n sizé after ab
stinence from exercise and 1t 1s not clear why cardiac muscle should re
spond differently If the heart enlarges in size and remams enlarged 1
«pite of removal of known causative factors one can assume the presence
of underlying myocardzal disease either pre existing and unrecogmized o
consequent to the enlargement
It 15 almost needless to pomt out that two or more etiologic factors
may be responsible for cardiac enlargement To cite only a few examples
In exghty per cent of the patients with coronary thrombosis and cardia¢
enlargement other diseases such as hypertension and heart failure may
account for the enlargement Smlarly, thyrotoxicosis or anema may
associated with cardiac enlargement but other diseases affecting the heart
are ugually present 1
Enlargement may affect the chambers of the heart unequally In
respect to the left ventricle the following conditions may be mentioned
Hypertension (of any etiology, including acute and chrome glomerulone
phritis and coarctation of the aorta) aortic regurgitation, mmitral regurgt
tation aortic stenosts coronary artery sclerosis aneurysm of the ™
The nght ventncle 15 mvolved pred tly i the p of mtral
stenosis 1n the late stages of congestive failure from almost any cause
gccasionally 1 the presence of systemic hypertension sthout failure,
chronic disease of the pulmonary parenchyma such as emphysema ob
structive disease mn the lesser circulation (sclerosts endartentis chroni®
embolization), tncuspid regurgitation interatnal septal defect P“l“;";’l'c
regurgitation of stenosts B avitaminosis The left atrium 1s partictid 4
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enlarged n the presence of mitral valvular disease and this especially the
case when the disease results from fibrosis of the wall following rheumatic
myocarditts but 1s also observed with failure of the left ventricle while
for the nght atnum mention should be made of night ventneular failure
tncuspid regurgitation or stenosis and interatrial septal defect It should
be stated that the degree of cnlargement 1n the presence of valvular lesions
does not always seem to be closely correlated with the apparent extra
load =2
The principal direction of expansion of the different heart cavities 1s as
follows Left ventricle dorsad and to the left, but also to the nght and
ventrad mnght ventnicle to the left and ventrad but also dorsad left
atrium dorsad right atrium to the nght and ventrad
The more lized form of enl. t 15 noted with a number of
conditions <ome common and some rare riz combined valvular [esions
advanced stages of congestive failure of different etiology myocardial
lesions 1n the course of rheumatic fever diphthena gnppe and typhoid
Fiedlers type of myocardiis acromegaly and severe and prolonged
anemia *> In this connection 1t 1s proper to state that all myocardial
lestons of toxic infectious endocrnine or putintive ongin may lead but
not necessanly, to cardiac enlargement Among other causes may be men
tioned urtenownous ﬁstu]a marked bradycardla glycogen storage dis
ease rhat tosis with infantiism transposition
of the great artenal vessels common artenal trunk ongm of one or both
coronary arteries from the pulmonary artery bilocular and trilocular
heart *3
Prolonged and strenuous physical activity carried on as endurance tests
(shung rowmng cychng long distance svmimming and runming) may but
need not brning about a shght degree of enlargement which should be
looked upon as a physiological process of adaptation  + ~
Enlargement of a few special tvpes 1s reversible and tius will be men
tioned under TREATMENT
Although a rapid change in heart size 1s more likely to be seen m the
young than in the old 1t 1s related more to the nature of the underlying
disease rather than the age of the individual Chinically recogmzable en
largement may occur one weeh after the onset of acute rheumatic fever
or acute glomerulonephntis Hypertrophy requires at least three to six
weehs for 1ts development and this will take place in a case with rheu
matic mfection and developmg valvular lesion in spite of complete bed
rest
The rate and degree of devel of enl t d ly
upon the seventy and locahzatxon of the disease The more marked for
mstance the toxic damage the greater will be the cardiac enlargement
A second factor which contributes fo cardiac enlargement 1s physical over
exertion while the process 1s still active Enlargement as a rule 1s not
steadily progressive It 1» hikely to remain fized 1n 1ts degree for months
and years ~1
Acute dilatation of the heart 1s undoubtedly a rare condition Severe
toue damage such as noted in the presence of diphthentic infection 1s per
o—
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haps the best instance The nght heart may dilate subsequent to pul
monary embolism Contrary to common belef, general enlargement does
not follow subsequent to an attack of coronary thrombosis This remark
does not apply to the development of an aneurysm which takes the form
erther of a localized bulge or 1f located in the apical portion, simply
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F1GURE 1 Orthodiagrams of a normal heart as drawn in the anterior and left
lateral views (reduced to one fourth actual size) The three main diameters are
indrcated by solid lines Anterior view The oblique diameter —L— connects the
cardiovascular junction at the right with the farthermost point at the left lower
pole The broad diameter —B— represents the sum of the lengths of two perpen
diculars dropped to the line of the oblique drameter Lateral view The depth
diameter—T p —is the sum of lengths of two perpendiculars dropped to a e
which connects the region of the bifurcation of the trachea with the sternodta
phragmatic angle As average figures for a male L136cm B10em Top —93
cm have been chosen

The volumetric cardiac value 1s obtained by forming a product of these three
figures times a constant 045 (formula of Benedett: and Bollm) The value thus
obtained approaches the actual volume of the heart (as expressed m cc) In this
nstance 1t 13 569 This formula has been checked by actual volumetnic reconstruc
tion and submersion of the model 1n water The error for normal hearts was shown
to be between —8 per cent and +8 per cent and for diseased hearts between ~10
per cent and 415 per cent
causes an elongation of the heart This may occur within a week follow
mg the infarct

A healthy heart may dilate suddenly This 1s clearly noted i fluor
oscopy during the pause following a premature ventricular beat, Itkewis
when the breath 1s held the glottis closed and a strong effort 1 made to
mspire Strenuous exertion never causes abnormal dilatation of a health};
heart Paroxysmal rapid heart action may be followed by dilatation b“d
only 1n tion with the devel t of congestive failure Care shou :
be taken not to confuse acute dilatation of the heart with collection ©
flud m the pericardual cavity Another diagnostic error occurs n thinking
of an acute dilatation when actually vasomotor collapse 1s present N

Symptoms There are no symptoms of cardiac enlargement A“hl):ji
palpttations or forceful beating of the chest wall may be expenend ‘
these symptoms are more frequently present in those without heart rlb
ease The development of symptoms depends upon associated distt
ances and the functional capacity of the enlarged heart
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Diagnosis  Enlargement of the heart in the Iiving 1s studied 1n both
1ts static and dynamic features by < rays and by inspection and palpation
of the chest wall Percussion 1s to be carried out but should be contmlled
by radiological methods whenever posstble The elect d
study 15 of Iimited value for the diagnosis of enlargement per se but 1s
very useful for complicating features
Radiology Fluoroscopy 1s the method of choice A good dark adapta
tion of the retina 1s a prerequisite The oblique views must be studied
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FIGURE 2 Male age twenty five Old rheumatic heart with aortic stenosis and

marhed degree of cardiac enlarge

ment to left and sinus rhythm. M degree of { Roent

genogram reveals a fairly well marhed aortic configuration with prominence of

Jeft ventnicular area Lung fields are of normal appearance Caleification of aorhc
valves could be demonstrated by means of special techme

addition to the anterior view The screen image as obtained by fluor
0scopy represents of course a considerable magmfication of the object
size This 1s overcome by taking an orthodiagraphic tracing The film
mmage as obtained by a teleroentgenogram at a distance of six feet shows
a magnification of nearly ten per cent The absolute heart size 1s best
determined by a computation formula

Using the metric system a product 1s formed from the oblique and broad
dizmeter (anterior view) and oblique depth diameter (lateral view) and this 1s
multiphied by 045 The value thus d the heart
volume i cubie centimeters The medium value for healthy males 15 569 2 and
for the healthy female 422 6 with a standard deviation of 854 and 64 1 respec
tively A simple and practical procedure 1s to rotate the sheet on which the
orthodiagraphic silhouette 1s drawn by approamately 180 so that the base of
the heart 15 pointing down and place the patients clenched right fist over the
sithouette  These outlines will nearly cotncide under normal conditions It
should be realized that the correlation coefficient between the size of the silhouette
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and external measurements (weight transverse diameter of the chest etc) 1s
too low to have great statistical sigmuficance  Standards for the various diameters
of the cardiac silhouette that has been of d by erther orthod hy or
teleroentgenography and based upon height and weight are available These
values are to be used with the reservation that they are neither rigid nor abso-
lute for although a heart 1s probably enlarged if the diameters deviate more
than fifteen per cent from the predicted values approximately three per cent of
normals may fall into this category If measurement 1s attempted for the anterior
view only the frontal plane area determined by esther plarugraphy or the product
of the long and broad diameters and a constant (0 735) offers the least vanation
and 1s the preferred method for measuring cardiac size It should be correlated
with the transverse diameter of the thorax and the deviation of this value from
the normal should be estrmated But again there 15 an appreciable overlap with
the abnormal and a defimte conclusion as to the presence of shght or moderate
enlargement of the heart based upon this deternunation may be unsarranted

Of course the larger the heart the more rehiable the measurements mn detecting
carchac enlargement But with larger hearts climeal accuracy 1s al-o increased
and the need for elaborate studies may be unnecessary The best field of useful

ness of these cardiac measurements 1s 1n repeated studies of the same ndndual

Granted that these are made under comparable conditions particularly n regard
to respiratory and cardiac phases the resulting mformation far exceeds that
obtamned by anv other method

In the antenor view an enlargement to the left and caudad assoctated
with a well preserved or lowered waisthne of the left middle contour 1
dicates left ventricular enlargement Care should be tahen not to ndlude
in delmeation and measurement the shadow which 1s caused by the exira
pericardsal, subpleural fat pad The wasthine will, however, be straght
ened out if a secondary nght ventrncular enlargement sets m An enlarge-
ment to the left and cramad leading to a prominence of the so called pul
monary segment may be seen 1n enlar. t of the pul ry artery
left atrium or 1ts appendage and nght ventricle An enlargement to the
nght should be attnbuted as a rule to the mght atnum and only €
ceptionally to the nght ventncle Occasionally an aneurysmal distention
of the left atrium accounts for it In the right anteror obhique view, 2
convex bulge 1n front should be attnibuted to the pulmonary artery of to
the night ventnicle and 1n this view the conus enlargement 1s pa:hculaﬂ)
well noted Dorsally the mediastinum may be encroached upon by ibe
left atnum and visuahzation of the barum filled esophagus gives valuable
formation  In the left anterior obhique view the nght ventrcle 1S cgen
to expand ventrad the left ventricle dorad and caudad the left atnu®
dorsad and cramad 1In the latter case, the left bronchus 15 displa
and sometimes considerably narrowed

The commonest cause of nght ventricular hypertrophy 1s left ventoct
lar hypertrophy 26 The roentgenologic diagnosis of hypertrophy of erther
ventricle 1 the presence of hypertrophy of the other 1s very difficult and
frequently impossible Usually the clinical problem is clear and only
roentgenographic confirmation of an enlarged heart with left ventneular
preponderance 18 desired But 1n this era of cardiac surgery our dragnosts
must be more defimtive  For instance at present the demonstration @
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smgnificant left ventnicular enlargement 1n an mndividual with mitral sten
osis cont dicates mitral otomy Unfortunately, the radiolo
gist does not have any satisfactory critena as yet for distinguishing left
ventnicular enlargement in the presence of marked night ventncular en
largement Caudad displacement of the apex n the anterior view and
mcreased curvature of convexity posteriorly 1n the left anterior oblique
view may be helpful 1n recogmizing left ventricular enlargement Radio

FiGure 3 Female age eghteen Chronte nephritis following scarlet fever five
yearsago B P 180/110 Anerma (RBC 146 null Hb 35 percent) Roentgeno
gram anterior view The silhouette 3s marhedly enlarged and of a globular shape
A 18 present. P
and dilatation o! the heart welght 540 grams Coronary artenes negauve Chronie
glomerulonephntis

cardiography a method for determuning the cardrac circulation of injected
radioactive substances may offer a means for the differentiation of nght
and left ventricular enlargement 8

Duning fluoroscopy one can observe unusual intracardiac or border pul
sations ~? The d ratron of valvular caletfication the pres
ence of an obstructive valvular lesion as a cause for chamber enlargement
A systolic outward pulsation of the region of the left atrium and auncular
appendage would suggest the of mitral P.
or hmited pulsations of the left ventricular border may conﬁrm the pres
ence of an underlymng ventricular aneurysm or recent myocardial in
farction

With d d b possible of shunts obstruc
tions and pericardial eﬂ'usmn Also myocardial hypertrophy may be sug
gested by mncreased widening of the area between the heart border and
the mnjected dye or by bulging of the interventncular septum awav from
the affected side and dilatation by lization of ch
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An understanding of the underlying pathology 1s enhanced by studymg
the size and shape of the ~orta and of the pulmonary artery and its
branches The early recogmtion of left heart failure depends upon the
roentgen demonstration of pulmonary congestion also, the shadow of the
azygos vern may be promment 3¢ Displacement of the heart may clmecally
be mstaken for enlar t and the radiol 1 method reveals almost
at one glance the presence and degree of causative factors such as pleural
effusion pneumothorax fibrotic shrinking or collapse of the lung abnor
mal position of the diaphragm or chest deformity Augmented heart ac
tion 1s another cause for overestimation of heart size by chnical means
Finally, radiology may assist i differentiating cardiac enlargement and
pericardial effusion

Percussion and Auscultation With percussion, an attempt 15 made to
determine roughly the portion of the chest wall that overles the heart
1t 15 a subjective rather crude method which 1n the hands of the average
physician yields inaccurate results Smce the rght heart chambers are
in close proximity to the ventral chest wall, one will obtain more rehable
results so far as the nght heart 15 concerned as compared with the Jeft
heart chambers The bulk of the latter are dorsally located and hence
poorly available to percussion The commonest error encountered 15 find
ing the left contour too far to the left and too far cramad Results are
particularly poor in emphysematous and stout mndviduals An attempt
should be made to deternine the position and shape of the left upper por
tion of the contour the so called ¢ wastlne of the heart ” If this wastline
1s preserved one will find only the shghtest degree of dulness in the third
left intercostal space A marked degree of dulness mdicates that the wast
line has gone 1 e there 15 an enlargement of the pulmonary segment
Dulness may extend from 2 to 8 cm towards the left of the left sternat
border in the third intercostal space An ncreased flatness on percussion
over the lower third of the sternum cramiad to the upper border of hver
dulness mdicates an enlargement of the mnflow tract of the nght sentncle
The latter finding 1s particularly noted in patients who have had farlure 10
the past A marked degree of flatness on percussion along the sternum
starting as high as the level of the second mntercostal space and assonated
with a marked extension of the cardiac dulness to the left particularly
1n the third intercostal space speaks in favor of a pencardial effusion e
left lower heart border should be percussed if the cardiac ympulse 2> 11
defined or not avalable Percussion of the night heart border and deter
mnation of the location of the trachea helps to decide as to whether of
not the heart 1s displaced

There are no auscultatory signs of cardiac enlargement The mtensity

of heart sounds 1s not related to heart size but 15 dependent upon various
other factors mamnly atrio ventnicular conduction time stroke output
and mtracardiac tension An apical systohe murmur due to cardiac cnt
largement may be present Usually, 1t 1s similar to the so called mnocet
famnt 1n intensity and bl g 1n quality, and f due to the Cﬂt
largement, should disappear or lessen 1 infensity with decrease 1% hear
size If the murmur 1s of greater intensity or 1s harsh or musical 60“:‘5
cration should be given to the possibility of associated valvular defec!
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Inspection ond Palpation Cardiac enlargement 1s manifested by a
change n character or location of cardiac pulsations upon the chest wall
Chimeally the best indcator of heart stze 1s the location of the apex impulse
Every effort should be made to ascertam its presence and location Not infre
quently, 1t 1s present only when the patient 15 erect leaning fornard and in
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FIGURe 4 A and B—Male age nineteen Old rheumatic heart Mitral valvular
leston marked degree of cardiac enlargement auncular fibnllation good compen
sation In the course of upper y i partial of the left
lower lobe develaped on two 1

Roentgenograms 4 Antenior view Cardiac enlargement and general mtral
configuration 1s noted _The enlarged aneurysmal left atrum bulges Into the nght
lung field (arrow) B Right lateral view Note displacement of esophagus (arrow)

deep expiration Occasionally 1t may be present only in the recumbent post

tion A helpful guide 1s to locate its presence 1n the left lateral decubitus
position and then to follow 1t medially as the patient rotates into the
supme positton  Occasionally, the apex impulse 1s mussed because the
physician examines only 1ts anticipated locatton 1n the region of the left
midelavicular hine The apex impulse 1s the most lateral and caudal point
where a distinct thrust of the chest wall 15 felt 3! With normal sized hearts
the point of maximal impulse will coincide with the apex impulse but wath
enlarged hearts the point of maximal impulse may be 1 centimeter medial
to the apex impulse In normal adults 1t 1s 1n the left fifth intercostal
space Rarely 1s 1t above or below this intercostal space The respective 1n

tercostal space can be convemently located by determimng first the post

tion of the junction of the manubnum and the body of the sternum the
0 called sternal angle or angle of Lows This promnence 1s on a level wmith
the second nb The second intercostal space 1s directly below the second
nb If the hand 1s now placed obliquely so that the fingers are 1n successive
tercostal spaces beginmng with the second each intercostal space can
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be easily and properly numbered Improper numbenng of the ntercostal
spaces 1s & very frequent error The apex impulse 15 6 0 to 9 2 centimeters
from the mudsternal hine with the patient i the erect posttion and shghtly
mote m the recumbent positron It may vary from 5 0 to 14 0 centimeters
from the mdsternal lme The apex impulse will correspond to the ortho

FIGURE 4 C—Left antertor oblique view of case shown in Fig 4 Note displace
ment and narrowing of left bronchus (arrow)

diagraphic apex of the heart 1n about forty per cent of cases TIn the others,
1t will correspond to the left border of the heart or 1t will be 1 of 2 centt
meters medial or lateral to the orthodragraphic apex In adults it 18 visible
1n not more than one fifth of all cases and 1t 15 rather uncommon to pa

pate 1t 1n the recumbent position of the middle aged or elderly person if
well defined and at ths age the presence of hypertrophy should be sus
pected Position and quahtv of the apical thrust may Jead the examine
to erroneously assume the presence of some cardiac enlargement WIET®
there 15 none Such an obtrusve apex beat shightly outside of the mpple
line 15 noted parbcularly 1 children when there 15 some night COTNE
scoliosts of the spime 1n boys during the rapid growth period of pubertys
and 1n assocation with augmented heart action as noted 1 the presence
of thyrotoxicosss The apcal thrust may be nerther felt nor seen ™% the
obese and emphysematous and 1s poorly palpable and shows & systolic
Cetmaction 1m the presence of mitral stenosis where hypertrophy and di2t2
tion of the nght ventricle push the left ventncle anay from the ventr "l
chest wall Tricuspid regurgitation has the same effect Only 1n excephion: "
1nstances of excessive enlargement of the right ventricle and of the T

atnum pushing the left ventnicle to the left such as1s noted n wstances
of an interatnal septal defect will a beaving apical thrust be observed 2
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a part of a diffuse systohc bulge of the precordium The apical thrust 19
feeble or not palpable 1n the presence of dilatation without hypertrophy
with flurd 1n the pericardial or left pleural cavity with edema of the chest
wall and 1s usually absent mn constrictive adhesive pericardial disease Hy
pertrophy of the left ventnicle causes a characteristic heaving resistant
apical thrust Dilatation supermposed on hypertrophy favors the develop
ment of a forceful apical thrust because the left ventricle 1s then 1n closer
contact with the chest wall It 1s often noted that a fully compensated
aortic stenosis or hypertension with marhed hypertrophy does not reveal
the presence of an apieal thrust until dilatation supervenes A very broad
apical thrust indicates a marhed degree of dilatation (unless a narrow
chest and thin chest wall are responsible for 1t) This 1n turn sigmfies the
mnability of the heart to completely diecharge 1ts contents Such a finding
15 therefore an unfavorable sign The heaving and resistant quality of the
apical thrust may be lost when falure sets 1n as expressed for instance by
the appearance of gallop rhy thm
A careful study of the chest wall t 1n heart d 32 gives
valuable information as to the underlying dy Systolic Propul:
{Quicker and More Marked Than the Diastohc Depression Which Fol
lows)-—A large systolic bulge of the wall chest which 1s most marhed half
way between the left midclavicular hine and the sternal border palpable
and often visible 1s found predomnantly 1n patients with advanced mutral
stenosis Here the nght ventncle 1s enlarged and durning systole the depth
diameter of the heart 1s increased with the enlarged left atrium pressing
the heart ventrad and thus furthering the development of the systolic
bulge A ted with this propul over the midportion of the chest
1s a flattening out of the lateral areas for obviously if in a tense elastic
system a deformmty 1s set up 1n one area 1t wil affect the entire system
A ventricular aneurysm ansing as a rule from the left ventncle (usually

following an antenor cardiac infarct) often gives mse to a cardiac thrus(:
which 1s sometimes large and forceful in ch ter It 1s most ly
located at the level of the fifth left nb and depending upon 1ts seat pulsa
tions are situated lateral or medial to the midclavicular hine and may
approach the left sternal border Pulsations caused by a ventnicular anen
tysm should be differentiated from those caused by nght ventncular hy
pertrophy and dilatation m association with left atnal enlargement The
former 1s more circumscribed and further laterad the latter 1s localized
and more mediad and 1ts extension 1s more lengthwise ¢ e along the ster
num The diagnosis of cardiac aneurysm 1s made more difficult 1n the
presence of hypertension or mitral and aortic valvular lesions for these
conditions per se are responsible for a forceful cardiac thrust Location of
the pulsations 1n the fourth intercostal space within the left midclavicular
line 1s defimtely in favor of the aneurysmal ongin of the pulsations Fur
thermore supporting evidence 1s obtamed from the history and electrocar
diegraphic findings mdicating a preceding nfarction Conclustve evidence
15 given by observing the development of such a pulsation subsequent to
cardac infarction A strong propulston of the left chest wall to the left and
ventrad 1s caused by forceful action of an enlarged left ventricle while ont
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the right side there 1s commonly associated a simultaneous flattening of
the nbs Occasionally 1n the presence of aortic regurgitation or hyperten
sion there may be noticed a jerhy systolic shift of the entire chest to the
left
A primary systolic propulsion on the nght side of the chest wall with the
maxtmum of pulsation as a rule, found 1 the mght midclavicular hne be
tween the fourth and sixth nb 1s noted in the presence of a high grade
mitral regurgitation associated wath an aneurysmal enlargement of the left
atrium The mechamsm 1s one of 1mpact of the blood regurgitating nto
the left atnum which 1 turn, approaches the chest wall A forceful sys+
tolic propulsion of the right caudal portion of the chest wall 15 noted 1n
the presence of tricuspid regurgitation where the back flow of blood sud
denly enlarges the hver and this n turn, 1s transmutted to the chest nall
In both foregomng conditions a jerky shift of the entire chest to the nght
may be noted
Systolic Depression (Quicher and More Marked Than the Diastolic Pro
pulsion Which Follows)—Such a depression 1s noted 1f the cardiac volume
shows a sudden and abnormally great diminution duning systole and when
simultaneously an abnormally large amount of blood flows out of the
thoracic cavity This 1s exemplified by cases revealng a high degree of
aortic regurgitation although this 1s not a constant finding because the
systolic change 1n the shape of the heart acts as an opposing force and 1n
the presence of tncuspid regurgitation The more rapidly this outflow of
blood takes place from the thoracic cavity the less will the mflow of air
and venous blood be able to heep pace with and counteract the consider
able fall 1n the systohic mtrathoracic pressure Likewnse, the mcrease 1 the
marginal excursions of the ventricle exerts an aspiratory effect on the chest
wall The systolic depression 1s of course followed by a ventrally directed
diastolic movement which 1s rather slow If systohc depression easts 1t
will disappear when cardiac fatlure with congestion sets in this 1 because
of the diminution 1n the stroke volume
Depressions are also noted 1f there 1s mterference with the function of
the pulmonary cushion, for it 1s obvious that the chest wall must follow
the centripetal movement of the heart 1f the lung does not quickly tahe up
this space left vacant by the heart and the chest wall A rapid espansion
of the lung parenchyma may be mterfered wath by pleural adhesion by
atelectasis which 1s not uncommon m the immediate vicimty of an enlare®
heart or because of a powerful apical thrust Localized soft tissue depres
sions are thus observed mesiad to the apical thrust n left ventnicular hy
perthrophy and dilatation and laterad n right ventncular hypertrophy
and dilatation
Duastolic Propulsion (Quicher and More Marhed Than the Accom
panying  Systolic Depression Which Either Precedes or Follows)
This 15 noted 1n instances of chromec pericardial disease In adhesve
pencardial disease the following pomts are worthy of consideration
Furst the mhibition of the systohic change m shape of the heart due
to mternal adhesions interfenng with the normal propulsive forces—
parhculnrly of the apical thrust hence the effect of the systolic imnution
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15 altered by the presence of adhestons ‘The longitudinal shortemng
of the ventnicular cone 1s interfered with and therefore a compensatory
ncrease m the margmal movements of the heart results Actually such
cases reveal dunng fluoroscopy a remarkably large amplitude An aspira
tary force on the chest wall therefore makes its app e Third the
aspiratory effect on the antenor chest wall 1s enhanced by the common as
sociation of pleural obliteration which inhibits the lung parenchyma from
acting as a buffer Since the systohc change in the shape of the heart 15
interfered with the centrifugal impulse due to the diastolic filing of the
ventricles acts unrestrictedly on the chest wall The resulting diastohe
propulston 1s directed marnly to the left and ventrad and 1s quite forceful
while the systolic depression 1s often less impressive But exceptions occur
In the presence of an obliteration of the pericardial cavity with external
fixations to the inner chest wall providing the heart muscle functions well,
ventricular systole deforms the left chest wall which 1s followed by an
elastic rebound during diastole This forces the heart into a passive expan
sion and 1s associated with a reduphication of the second sound

The second cause of diastolic propulsion 1s tricusprd regurgitation here
the nght ventricle empties 1ts blood not only into the lungs and liver but
also the mnflux of venous blood 1s counteracted Hence the duminution
volume leads ta a systohc d but the subsequent filling of the right
heart causes a ventral and diastolic propulsion which 1s quicher and more
abrupt than the preceding depression It should be emphasized that the

\¢ 1s often not d and 1s er ly aseribed to

systolic actmn of the heart on the chest wall Such an error in timing
should not occur and 1s easily avorded by placing one hand over the chest
and palpating the radial pulse with two fingers of the other hand

Electrocardiagraphic Criterla for the Recognition of Cardiac Enlarge
ment Atnal enlargement 1s ch: 1y d by ch in the hitud:
and direction of the P vector In night atnal enlargement the P vector
rotates to the night of 1ts usual position at sixty degrees resulting mn a
small or 150 electric P wave in lead I and a large P wave 1n leads IT and 111
The P wave 1s sharply peaked and usually greater than 25 mm 1n amph
tude The resulting pattern is sometimes referred to as the P pulmonale
pattern It may be transient as in acute heart faillure or permanent asin
atnal septal defects Similar P wave changes usually not of such ampl
tude may be seen 1 normal mdividuals particularly those with hearts of
a vertwal electrical position In left atrial enlargement the P vector 1s ro
tated to the left of 1ts usual position resulting in a smaller P wave 1n lead
111 and a larger P wave in lead I The P wave 1s usually prolonged m dura
tion mereased sn amplitude and notched Such a pattern 1s referred to as
the P mitrale pattern because 1t 1s present most frequently m those with
rmtral stenosis Sumlar P waves may be seen n normal individuals or in
those with heart disease other than mutral stenosis Changes 1n repolarza
tion may be mamfested by a shift of the T, segment in a direction oppo
site to the P wave Usually this shift of the T, segment 1s mashed by a
super imposition of the ventricular complex
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Electrocardingraphic mamfestations of left ventricular enlargement 1n
clude the folloming (1) Increased amphitude of the QRS complexes (2}
delay 1n the mtrinsicoid deflection of the QRS complex n leads facing the
eprcardial surface of the left ventricle, (3) deviation of the S T segment n
a directton opposite to that of the QRS complex and (4) decreased volt

FIGLRE 5 Female age thirty nine OId rheumatic heart with mitral stenosts
derable cardiac enl. and sinus rhythm which persisted up to death
This took place two vears later and was due to bronchopneumoma and pulmonary
wfarct (anat Vi ) Ek reveals swnus rhythm there 18
present widemng ane hing of the P defl 1n leads 1 and 11 and a marked

d
degree of right axis deviation 1s noted (imtial deflection 1s down m lead 1 and up
n lead IIT)

age of the T waves33343> The S T segment 1f depressed 15 convex up
wards and the T wave 1f inverted has asymmetrical imbs The most ire
quent abnormality 15 a depression of the S T segrient 1 leads Vi to Vo
Increascd voltage of the R wave may oceur 1n less than fifty per cent of
tracings This percentage may be ncreased shghtly if the sum of the volt
age of the R wave in leads V, or Vg and the S wave 1n lead Vy 1 consid
ered There is frequently no delay mn the mtnnsicord deflechion that »
measured from the onset of the QRS complex to the peak of the final R
wave The duration of the QRS complex may be prolonged to 012 second
or fonger resulting 1n confusion with the diagnosss of left bundle branch
bloch On the other hand left bundle branch block 1s associated frequenﬂ,y
with cardiac enlargement Indeed some feel that the pattern of bund'e
branch block 1n the presence of left ventricular enlargement may be %
not to disturbance in the bundles but to delay in conduction throughout
the hypertrophied ventncle and prefer to use the term Jeft venln(:\lh{
retardation’ ¢ By means of vectorcardiography, left bundle branch blod
may be distinguished from left ventricular hypertrophy 2”

The electrical position of the heart i left ventncular hypertropb¥ d‘s
usually semn honzontal rarely vertical The QRS vector rotates lefmarh =s
upwards and posteriorly The time honored reason gven for this shift ;e
been rotation of the heart around 1its long aws, so that the left ventn
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Lies more postenorly than usual Recently evidence challenging this con
cept has been advanced 38 It has been suggested that the normal le of the
heart 1s unchanged 1 hypertrophied hearts and that the shift of the QRS
vector occurs principally because of delay in depolanzation of the eptear
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Figure 6 Ch 1 of left ltar hvpertrophy The
tracing was obtamed in a fifty six year white female whe had hypertension for
ten years Fundoscopy revealed a grade III retinopathy Renal function was
moderately impayred The heart was enlarged to the left There was no evidence
of decompensation Fourteen months after the tracing was obtamned this indivaid
ual died of renal fallure At autopsy the heart weighed 415 grams and the wall
of the left ventricle was 35 centimeters thick The coronary artenes were patent
but showed moderate patchv_ atherosclerosis The kidneys were atrophic and
showed changes consistent with chronic pyel and

The tracing shows a sinus rhythm with normal conduction The QRS vector 18
rotated upwards to the left and postenorly The amplitude of the QRS complex
18 k The 1n lead Vg from the
onset of the QRS to the peak of R 1s delayed and measures 0 06 second The ST T
veetor 13 directed opposite to the QRS resulting 1 a depressed S T segment and
wmverted T wave whenever the QRS complex 13 upright The S T segment when
depressed 15 convex upwards and the T wave 13 asymmetrical

dial surface of the left ventnicle However although the shift of the QRS
Vector 15 probably related to factors other than rotation of the heart more
evidence 1s necessary before accepting the 1dea of an unaltered position of
the hypertrophied heart Finally 1t 1s to be emphasized that in at least
twenty ﬂve per cent of individuals with left ventrnicular hypertrophy the
elect; may be letely normal
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The electrocardiographic recognition of nght ventricular hypertrophy
depends primarily upon the presence 1n lead V, of an increased amphtude
of the R wave with an intrinsicord deflection of 0 03 to 0 05 second ?° The
S T segment may be depressed and the T wave inverted Right axis devia
tion per se 15 not diagnostic of rnght ventricular hypertrophy 40 It simply
reflects rotation of the QRS vector to the night of its usual position and
may be seen 1n normals, myocardial infarction, disturbances in conduction
as well as 1n hypertrophy of the right ventricle and even of the left ven
tricle The large R wave 1n lead V, has been thought to be related to rota
tion of the heart around 1ts long axis so that the eptcardual surface of the
left ventricle faces to the right and anteriorly In fact 1t has been demon
strated that in indviduals with the Tetralogy of Fallot, the rght chest
leads show a large R wave but direct leads from the epicardial surface of
the right ventricle show a small R wave 4 Whether or not the he of the
heart 1s anatormeally different 1n those with night ventnicular hypertrophy
remains to be determined It would appear from clmical and radiographic
exammation that the e of the heart 1s most certainly different in hyper
trophy of ether ventncle

Electrocardiograms which demonstrate combined ventricular hypertro
phy are seen infrequently 4 The finding of a vertical electrical position
with signs of left ventricular hypertrophy 1s lighly suggestive but not diag
nostic The presence of large R waves 1n lead V, followed by a decreased
amphitude 1 precordial leads to the left and then finally another rse 1n
leads V or Vg 1s also as 1s the p of the P pulmonale or
P mitrale pattern in those with left ventricular hypertrophy Howeven
these findings, particularly 1n those with non rheumatic heart disease o
not necessarily mean combined hypertrophy On the contrary, these
changes may be present 1n those with umlateral ventricular hypertrophy,
conduction disturbances or myocardial disease

Finally, m electrocardiographic parlance, the terms ventricular stramn
and hypertrophy are frequently employed The diagnosis of “stramn * de
pends upon the presence of ST T alterations and that of * hypertrophy
upon increased amphtude of the QRS complex 43 These ferms are only
descriptive and do not necessanly reflect what 1s present anatormcally of
physiologically The terminology should be avoided for the inference 18 not
as clear as the implication The word strain when appled to indrviduals
with cardiac hypertrophy 1s indefinable 1n the phy siologic sense Moreover
the ST T changes can be hzed by the ad ration or withholding
of certain electrolytes 44

It may be well to pomnt out in this connection that flat or nega
deflections are noted 1 a number of other conditions, such as my ocarditis
B avitammosis  hypothyroidism  alkalosis hypokaleria and acute 0T
chronc eardiac compression due to pericardial disease Extracardiac neu
rogenic and emotional influences play a role and need further study Gal
bladder disease has been held resy ble Posture Lly plays & 10°¢
and a flat or negative T deflection particularly m Leads II and I1I m":g
ncrease 1n voltage or even turn positive when the tracing 18 taken Wi
the patient in the recumbent instead of in the sitting position 4

e T
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The nfluence of digatalis on the ECG should be mentioned here since
this drug 1s s0 commonly used 1n connection with cardiac enlargement Its
effect on the S T segment consists n a depression in the hmb and chest
leads usually most marked 1n Lead II and 1n a flattemng out or nver
sion of the T deflections Where there 1s left aus deviation howeser the
aforementioned segment tends to be elevated in Lead III No very close
relation exists between the degree of these changes and the amount of the
drug given It may easily take two to three weebs and in occasional cases
up to stx ueeks following discontinuation of the drug for such changes to
disappear completely If an ECG study 1s planned 1t 1s important there
fore to withhold digitalis mecication provided the condition of the pa
tient wall permut 1t N

Cardiac enlargement may hasve to be differentiated from pericarditis In
the latter condition particularly of septic etiology there may be an up
ward shift of the S T segment 1n all leads

Fi ! Evall and Prog While the phystologist d
enlargement of the heart muscle as a means of adaptation the chnician 1s
nchned to correlate these findings with potential or actual myocardial in
sufficiency Enlargement of the heart 1s never a complete diagnosts without
determining 1ts cause and functional status Usually the underlymg dis
ease can be readily ascertained by careful and thorough examunation Oc
casionally the cause may not be apparent There may be an anomalous
vessel or glycogenosis amyloidosts nutmitional disturbances muscular
dystrophy connective tissue disorders endocardial disease endocrinopathy
or infection The manifestations of heart faillure may be so predommant
as to mask the underlying disease

In the presence of coronary artery disease cardiac enlargement 1s a
much less valuable gwide than in valvular disease Angmal failure 1s com
patible with a normal heart size Patients with coronary artery disease who
develop cardiac infarction often reveal no change 1n heart size on follow up
studies If this 15 the course of the disease 1t will be found that a farly
active life 1s carried on much more commonly as compared with those who
either had cardiac enlargement to begin with or develop cardiac enlarge
ment subsequent to the attack

Congestive failure rarely occurs in the presence of normal sized hearts
In this connection 1t should be remembered that mn chromc constrictne
penicardial disease the heart 1s sometimes prevented from increasing mn
size while farlure of the circulation develops sooner or later

Patients with cardiac enlargement show as a rule a dimmmshed capaaity
for work The term enlargement in this connection refers mamly to the
ventricular mass Considerable enlargement of the heart 1s lihely to be
followed by more or less rapid onset of failure Auricular fibnllation sets 1n
more frequently and the same holds true of the occurrence of thrombosis
along the auricular wall or 1n the coronary arteries

The general remark holds true that the larger the heart the worse the
exercise tolerance expenence with mdividual cases however shows excep
tions This holds true particularly for the younger age group who have
healed rheumatic valvular lesions It may also be stated that there 1s no
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strict proportionality between the degree of enlargement and the signs and
symptoms of heart failure Heart size 1s not more than a fair prognostic
criterion and the clinician never should omit obtaiming a correct 1dea as to
the general physical tolerance of a patient Furthermore, the etiology and
special anatomical features of a disease process are important rtems in the
prognostic evaluation and should always be taken into consideration Itis
known that sudden death often occurs in the presence of coronary ostium

FiGure 7 Male age forty one This obese patient had developed signs and
symptoms of left ventricular farlure with coronary artery disease and a ruld hyper
tension as presumable eticlogy A considerable degree of cardiac enlargement
existed Dumng the course of one week the patient had been given an unknown
amount of digitalis The electrocardiogram (lead I1) reveals sius rhythm which
s by lar beats of multifocal ongin and 1o bigeminus
arrangement {1 3) and a short run of ventricular tachycardia (2) These findings
di d promptly upon di of digitalis and prescnbing qundine
sulfate 02Gm (3 grams) strychnine sulfate 16 mg (14 gramn) t1d Bigemnal

beats d on digitalis d but were not noted when all
three drugs were given together

stenosis due to syphilis, wath or without associated aortic regurgitatton o
m the presence of a high grade aortic stenosis and n both nstances this
occurs regardless of heart size The correlation of cardiac enlargement and
mortality quota seems to be closest for patients with rheumatic valvular
lesions In one such very careful study on 1164 cases 1t was found that the
mortality quota for all valvular lestons together for three groups of heart
sizes as determined by orthodiagraphy was as follows The ratio of actual
to expected deaths for approximately normal sized hearts was 420 per cent
for moderately enlarged hearts 589 per cent and for much enlarged hearts
1092 per cent 46

It has been previously stated that cardiac enlargement may be stablllz‘*d
over a period of years In other nst however prog: n takes place
over shorter periods of time and 1t 1s 1mportant to obtamn exact informa
tion as to the rate of progression An increase, especally 1f rapid £1V€3 2
poor prognostic outlooh This holds particularly true for the coursé of the
heart in myocarditis or diphthena

Circulatory Fenlure When cardiac enlargement 1s diagnosed cxrculawr’;
faillure may not be present but i1t will result eventually Hence 2 shoif
discussion of this finding 15 Justified Those forms which are prmanly l?
extracardiac onigm will not however be discussed Here belongs first 1
chnieal picture of inflow stasts (engorgement of the systemic veins ""te
Jess common of the pulmonary circuit) which results from madequ?
work of the heart due to inadequate filling as noted mn 1nstances of perll
cardsal effusion chromic constnictive pericardial disease or with extremely
high heart rate and second the primary peripheral tarlure, 1 e shoc
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The commonest types of cardiac insufficiency are assoctated with made
quate emptying of the heart The whole heart may be affected or stramn
may have acted predomnantly on the left or nght side resulting 1 syn
dromes which are spohen of as left or nght sided heart falure Before
enumerating some symptoms and signs of heart failure 1t must be hept
1n mund that one of the most important for a lowered circulatory
efficiency 15 the subjective perception of the patient

If heart failure 1s present 1t should not be assumed a prion that the en
larged heart has reached 1ts imut and that the prognosis 1s very grave In
stead atfention should be directed to uncovering some agent that may
have precipitated the cnists There may be an infectron an arrhy thmxa an
emotional disturbance electroly te or fluid 1mbal, or it
Careful exammation for and proper treatment of these conditions may
result in restoration of pre-custing heart size and function So called re
fractory heart falure 1s seldom due to a diseased heart per se Also in this
era of cardiac surgery 1t 1s necessary tor whether the fi
tions of heart farlure are related predominantly to valvular myocardial or
Pencardial dysfunction

Dyspnee The principal factor 1s impairment of respiration due to en

of the pul 'y vessels*  Pul y congestion can be de
tected radmlogxcally long before the appearance of rales The earliest chiny
cal sign of pulmonary hypertension is an accentuation of the second
pulmonic sound Common underlying diseases affecting the left side of the
heart include systemic hypertension aortic and ymtral valvular disease and
coronary artery discace Orthopnea 1s present if the patient can breathe
hetter when upnght than recumbent and trepopnea 1f dyspnea 1s present
n one recumbent position and less or absent in another

Cardiac asthma or recurrent episodes of dyspnea and wheezing due to
left ventncular failure 15 frequently ted with an ant; dent history
of effort intolerance It may occur on effort or 1t may be preciprtated by
vanious other factors that demand a sudden increment m cardiac output
Frequently 1t occurs only at mght after the patient has fallen asleep An
antecedent mghtmare may be present The late onset in Iife the 1bsence
of pre existing allergy the presence of cardiac enlargement the demon
stration of heart failure esther chimcally or by laboratory means and the
Yesponse to a cardiac serve to diff 1ate 1t from bronchial
asthma

Cheyne Stokes respiration 1s frequently seen 1n those with heart failure
Careful observation 15 necessary to detect 1ts presence The periods of apnea
may be very brief and the changes in rate and depth of respiration barely
perceptible Durning the periods of apnea there may be transient uncon
sciousness Prognosis should never be based upon the presence or absence
of this phenomenon per s Often the discontinuance of drugs such as
acetophenetidin, barhiturates or morphme will abolish this respratory ar

rhythmia Addmonal digitahis restriction of salt or more frequent use of
diuretics may be necessary Treatment should be directed at both the pos
sible underlying causes for 1ts occurrence and the respiratory disturbance
proper (slow 1ntravenous mjection of 025 to 08 Gm (4 to 12 grams) of
theophylhine ethylenediamme)
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Cardiac Pain Pain indishinguishable from that seen mn indiwiduals with
coronary artery disease may be related to heart failure 5 After all, myo
carchal msufficiency may result from erther impaired supply or augmented
demand and the end result 1s the same Nitroglycerme will offer spectacu
lar relief 1f 1t 15 related to impairment of supply but wall fail if there 15
primanly an augmented demand In case of the latter, improvement of
cardiac efficiency by digitalis or decreasing heart load by mercunals and
other measures will relieve the pain The onset of right sided failure may
be associated with a duminution or disappearance of anginal pan previ
ously present

Heart Sounds A lowered intensity of the first apical sound 1s often and
not always correctly interpreted as evidence for heart muscle dysfunction
Leaving aside the possible mfluence of obesity or emphysema, 1t must be
remembered that a relatively longer, though still normal atrioventricular
conduction time {for mstance 0 20 sec ) tends to be associated with a first
sound of lesser intensity A similar and more marked effect 1s caused by
mtral mnsufficiency and also by aortic stenosis on the second aortic sound
Besides mitral disease an accentuation of the second pulmonic sound 1s
noted with left sided failure whatever the etiology may be

Gallop rhythm a form of tniple thythm, 1s charactenzed by the appear
ance of a third heart sound diastolic n time and usually dull in charac
ter 19 It 15 best perceved by auscultation but can be seen and felt as well
Gallop rhythm 1s likely to disappear with a slowing of the heart rate, and
15 not heard with auricular fibnllation although graphic registration seems
to indicate 1t may exist with the latter condition Mitral lesions tend to
obscure 1t Gallop rhythm indicates as a rule fatlure of the left ventricle
only unless 1t accompames acute myocarditis or pulmonary embohsm The
presence of gallop rhythm entails as a rule, a bad prognoss but this does
Dot necessarily hold true if 1t 1s observed 1n the presence of acute myocar
ditis where 1t indicates a toxic damage of the heart muscle which may be
Teversible It 1s to be emphasized that a diagnosis of heart failure should
not be based upon the presence of gallop rhythm alone

Blood Pressure The effects of heart failure have a vanable mfluence
Cardiac infarction 1s commonly followed by a fall while a nise, sometimes
to a very marked degree may be noted during an attack of angina pectors
or pulmonary edema A moderate rise with each bout of failure 15 noted ':1‘
occastonal patients It should be noted parenthetically that high bloo
pressure does not cont: dicate the use of d 1

Dunng the measurement of the blood pressure alternation may be ob
served as a succession of strong and weak beats The loud sounds C“’;‘;
through correspanding to only half the heart beats This finding show s
not be confused with an extrasystohc bigeminus An alternating P“ISCI:S
not uncommonly encountered 1n patients with artenal hypertension

presence particularly when 1 nature, signifies heart fallurfere
Cyanosis It 15 closely correlated with an increase m the amount © e

duced hemoglobin anemia therefore tends to teract the appeard
r malfor

of cyanosis It may be present in certain congemital cardiovascula
mations without indicating failure In acquired lesions cyanosis %
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noted particularly in the of mitral tricuspid sty and
with nght sided failure 1n general It 1s very marked if due to extensive
obliterative vascular disease 1n the lesser airculation Cyanosis may occur
of course without any cardxac dxsease pulmonary hypo ventilation serves

as an le An lly indist: hable from that pro
duccd by reduced hemoglobm 15 that observed 1n the presence of methemo
or sulfh One sees patients with hypertensive

cardiovascular disease who are marhedly cyanotic following the prolonged
Ingestion of proprietary preparations containing acetanihide for the rehef
of headache Marled cyanosis in the absence of dyspnea should incite sus
Picion of chemical poisomng
Pulmonary Engorgement Left sided failure or obstruction leads to en
gorgement of the venous half of the pulmonary circwit and later this 1s
followed by overfilling of the entire lung field Examples are hypertension
and organic defects of the left sided valve onfices The output of the left
and nght heart are equal for some time and crculation takes place at a
higher pressure level The outstanding symptom 1s dyspnea both of the
exertional and paroxysmal variety Cyanosis cough hemoptysis and fine
basal rales may or may not be present Signs for pulmonary engorgement
are Furst the roent reveals the t of the lung fields
hed with 1 cloudy tres all lar shadows are m
creased 1n density and width but relatively hazily outlmed This helds
particularly true for the hilus structures Second an accentuation of a
previously normal second pulmome sound Third a decrease in the velocity
of bleod flow through the pulmonary arcwit this can be determined by
measunng the arm to tongue and arm to lung circulation time
Venous Engorgement Right sided failure or obstruction leads to en
gorgement of the systemic veins An mncrease of the venous pressure to over
fifteen em of water indicates then advanced insufficiency of the right side
of the heart provided that penicardial and mediastinal pathology have
been excluded Such msufficiency of the right heart may be primary in
nature such as observed with emphysema pneumonocomosxs obhterative
disease of the pul 'y arteries bol and organic de
fects of the nght sided valve onfices Much more commonly however 1t
follows failure or valvular lesions of the left side Signs for venous engorge
ment are cyanosis engorgement of superficral veins and ncrease in venous
pressure swelling of the liver subcutaneous edema and ascites
The normal venous pulse both of hver and neck veins 1s a volume pulse
and indicates dynamic events 1n the nght atrum As one observes the
movements along the neck veins 1n a healthy person 1n the recumbent post
tion one easily notices a collapse which 1s ventricularsystohc in time This
collapse 15 due to the rapid inflow of blood into the previously emptied
nght atnum The caudad movement of the atrioventricular septum and
the sudden drop of the intrathoracic pressure due to outflow of blood from
the chest cawvity favor this collapse The vems then fill gradually This
ascent 1s broken by another collapse which occurs during the early part
of ventricular diastole This collapse 1s due to the emptying of blood from
the night atrium through the opened tricuspid valves and while always
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registered on the graph, 1t may not be noticeable on gross mnspection The
progressive distention of the vein 1s then suddenly increased This indicates
atnal systole which has interrupted the nflow of venous blood mto the
night atrial cavtty The normal venous pulse in the nech therefore 1s char
acterized by a systolic emptying and diastolic filhng Proper timing should
be carried out by palpating the carotid or the radial pulse while inspecting
these pulsations
With cardiac fatlure and muld congestion the veins reveal an increase mn
both fulness and pulsations Occasionally, n those with heart failure the
cervical vemns may not be distended and the venous pressure may be nor
mal In such mdividuals increased abdominal pressure usually everted in
the region of the mght upper quadrant, will result in distention of the
cervical seins and a nise m the venous pressure Of course 1t 15 necessary
to be certain that the patient has not held lus breath durmg this manes
ver for simlar changes may occur with a Valsalva experiment As conges
tion increases the normally visible pulsations in the lower part of the nech
disappear while they become noticeable 1n 1ts upper part, and pressure
against the abdomen causes the level of pulsations to chmb cramad With
mavimal stasis no movement may be noted in the very full vems and pul
sations may be only brought out as the patient gradually stts up or dur
ing deep mnspiration A closer observation of these pulsations reveals that
the normally observed systolic collapse 1s laching completely That means
that the ascent of the venous pulse starting m early disstole lasts
throughout the systole Hence one speaks of the systolic or ventncular
form of the venous pulee Obwiously, the enhancing effect of ventricular
contraction on the venous blood flow 1s dmmnshed and the overdistend
and often fibrillating nght atrum 15 emptied nadequately A collapse
from the igh plateau occurs at the tme of the opemng of the tricuspd
valves which 1s duning the early part of ventricular diastole Hence this
pulse 1 characterized by a diastohc emptying In the presence of tncuspid
regurgitation there 1s Iikewise noted a diastolic collapse and & systolic
elevation But the latter 1s more impressive abrupt, and m contrast to
the congestion pulse well palpable
A congested and large Iiver 1s likely to reveal pulsations of the ventnct
lar type particularly so 1n the presence of auncular fibrillation The ascet
of the pulse wave 1s not so distinctly felt but rather the subsequent
dimimnution 1n volume 1 e the diastohc emptying of the lrver Thlsl;
also, and quite marhedly noted in the presence of adhestve pencardia
disease This 15 of d 1c fi b the condition which 15
most lihely to imitate adhesive pericardial disease 1s tricuspid regurpia
tion Here a Inver pulse of the ventnicular type 1s lihewise found but th:
outstanding feature 1s a sudden and forceful systohc thrust while wit
ordinary congestion and adhesive pericardial disease the systolic filing
of the liver takes place gradually In the presence of sinus rhythm m:h
providing the night atnum 1s still capable of contracting forcefully ¥
the nght heart overfilled or because of an associated tricuspid stenostS an
obstacle 15 offered to nght atnal emptying The blood 1s then bached up
mto the venae cavae duning the pressstohic period and a presystolic &
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gurgitation wave results Ths 1s called the presystolic auricular liver pulse,
¢ e 1t 1s dastolic 1n time and its elevation distinctly follows the elevation
palpated at the radial artery In the presence of mutral stenosis such a
presystolic hiver pulse 1s highly suggestive of an associated tnicuspid sten
osis though 1t may well occur 1n the presence of marked congestion with
stnus thythm preserved Often the liver pulse reveals in addition to the
presystohic regurgitation wave a systolic elevation  An associated tncuspid
wmsufliciency or marked overfilling of the nght atnum such as noted 1n
tnicuspid stenosis or with the interatnal <eptal defect may be responsible
forit

Treatment Reversibllity of Cardiac Enlargement Cardiac enlarge
ment as p ly stated fi tial or actual it 'y of the
myocardium and patients with a considerable degree of enlargement rarely
ever possess good exercise tolerance It 1s the duty of the physician there
fore to regulate the life of the patient so that he will remain within the
limits of his reserve 1n order to avord heart failure as long as possible
Such a ltmitation of activity may range from complete bded rest as in the
case of acute myocarditis glomerulonephntis or congestive faillure to a
program of nearly normal activity avoiding athletic and competitive activ
ity and excessively long workimg hours as 1n the case of a fully compen
sated rheumatic valvular lesion or bemgn essential hypertension Over
weight should be corrected D:gitalis 1s first indicated when the limitation
of reserve becomes evident together with simultaneous curtailment of
physical actitity and second when auncular fibnllation supervenes par
ticularly in the rheumatic and sclerotic group

In the great majonty of instances enlargement of the heart 1s a chronic
ncurable condition particularly 1n reference to the large group of hyper
tensive valvular sclerotic or syphihitic etiology

In a relatively few instances 1t 1s possible to remove the cause of cardiac
enlargement so that regression of heart size will occur provided that not
too long a period of time has elapsed and that no other comphcating fac
tors interfere As examples may be cited (a) Prolonged attack of parox
ysmal auncular tachycardia (umlateral carotid sinus and bilateral bulb
ous pressure 1nduced gagging and vomiting magneswm sulfate 15 cc of
2 twenty per cent solution intravenously quinidine sulfate 04 to 06
Gm (6 to 9 grans) orally or quinidine hydrochloride with urea and ant:
pynine 06 Gm (9 grains) intramuscularly every four hours mecholyl
20 to 30 mg (14 to} gram) subcutaneously (atropine sulfate 1s the ant1
dote) digitalis—n the form for example of digitoxin 04 mg ((Y4 o
gram) to be repeated within a few hours) paroxysmal ventricular tachy
cardia (magnesium sulfate quimdine sulfate as above pronestyl 100 mg
per minute IV) (b) thyrotoxicosis (subtotal remoral of the gland or
radioactive odine) (c) B avitammnosts (punfied B, vitamin mtravenously
and orally and proper dret) (d) anema of the perniious or intestinal
parasitic type (lhwer or B;. mntra larly) (e) arter fistula
(operatie closure)

In other instances a considerable diminution m the heart size will be
noticed provided the natural course of the disease 15 favorable though
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treatment may occasionally be helpful To ate (a) acute glomerulone
phritis with hypertension (here resorption of pericardial flud may be a
contributing element 1 the regression of  heart’ size), (b) myocarditis
of rheumatic fever, diphtheria grippe, typhoid fever, (c) replacement of
a previously slow heart rate (nodal rhythm, complete heartblock) by a
faster, normal heart rate (d) pulmonary embolism (said to affect the
night heart only)

In the hypertensive patient with evidence of left ventricular fatlure one
occasionally observes regression of heart size under the effect of rest, low
sodium diet and digitahs Somewhat more often a reduction heart size
1s noted when the blood pressure has been permanently lowered secondary
to a dorsolumbar sympathectomy regardless of whether or not left ven
tricular failure was present to begin with In the absence of heart failure,
regression of cardiac enlargement in those with hypertension may occur
with many and varied remmens including rest salt restrction, salt din
resis hypotensive agents and surgery

It may be noted that in healthy athletes a moderate increase of the
heart size may be observed durmng the period of severe traming This
takes about four to six weeks and recedes at about the same rate followng
cessation of tramtng Whether the process underlymg the increase m heart
size 15 only due to a stretching of the muscle fibers, or whether there 15
also a thickemng, 1s not hknown

Finally 1t may be ashed how often and how much the heart recedes 10
size with recovery from congestive failure The change 1n the height of
the diaphragm resulting from a2 diminution 1n the total bulk of the ab
dominal contents causes a change 1n the shape and posttion of the heart
and this 1s a real obstacle 1n an evaluation on decrease w size both from
an x ray and clinical point of view In addition, resorption of pencardlfﬂ
flud may 1ntroduce an element of error
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Congestive Heart Failuie

Introduction The purpose of this chapter 1s to describe briefly and con
asely a very clinieal condit, tive heart falure To do
this vanous aspects must be discussed which mclude the mechamsm com
pheating factors signs and symp differential di prevention
and therapy A tremendous amount of chimical and basic work has been
done over the years without elicitin, the exact mechamsms that bring
about congestive heart farlure nor a complete and concise understanding
of exactly how the many therapeutic agents emploved n this condition
perform their funchions However, 1t 1s worthwhile to revien the more gen
erally accepted present day concepts beaning on this subject

The Mechanism of Congestive Heart Fanlure As poimnted out in many
recent articles and textbooks, tno diametneally opposed schools of thought
concermng the mechanism of heart falure have existed for generations
These two factions have been called the schools of fornard failure and of
bachward faillure Those who believe 1n forward farlure argue that the man
cause for congestive heart farlure 1s insuffictent output of the heart to the
tissues The other school believes 1t 15 due to congestion of parts of the
body or bachward pressure from the failing ventricle(s) Extenswve recent
studies 1 many laboratories favor the fornard farure school of thought
in the vast majority of cases of slowly progressing congestive heart failure

Occasionally, the classic picture of sudden backward failure 1s observed
A typical example would be the sudden appearance of pulmonary edema
following a massive myocardial mfarct 1n a patient with no previous his
tory of dyspnea In such a patient edema of the lungs develops suddenly
without a change 1n body weight The flmd collected in the lungs comes
from flmd onginally present m the blood stream and from flud pulled
nto the blood stream from the tissues This represents an abnormal re
distrtbution of the fluid normally present in the body It 1s not due to salt
retention and increased body fluids

There are several mmportant findings present in patients with conges
tive heart failure who gamn weight from the accumulation of body flmds
as recently reviewed by Stead ! (1) A marhed reduction of the renal excre
tion of sodum chlonide (2) a higher urinary output during the mght than
duning the day, (3) an ummpaired ability to excrete water without diff
culty at a maximal rate and an ability 1n moderate congestuve falure 1f
salt 15 withheld to excrete water suffictently well to tolerate a daily flud
mtake of several Iiters (4) a frequent and moderate lowering of the con
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centration of sodium and chlonde 1n the blood (5) an increase 1n the
plasma and blood volume, and (6) an elevated venous pressure

Sodium chlonde retention 1s a charactenistic finding 1n chrome conges
tive heart fallure This mability to excrete salt 1s relative rather than
absolute, and the patient with heart failure varies his sodium chlonde ex
cretion as does a normal subject The only peculianty shown by a patient
with heart failure 1s that he excretes more salt at mght than n the day
time Presumably the daytime activities divert some blood flow from the
kidneys as occurs during exercise n normal people The decreased renal
blood flow that 1s umiformly found 1n subjects who form edema at rest on
an unrestricted diet 1s the most likely cause for the edema and salt reten
tion With the reduced renal blood flow total glomerular filtration 1s de
creased although the amount of filtrate obtamned from each umt of plasma
flowing through the glomerul 1s greatly mcreased The lowered filtration
rate decreases the amount of sodrum chloride presented to the tubules over
a given pertod of time The tubule reabsorbs mearly all of the filtered
sodum chlonide However the absolute amount of sodum chlonde filtered
15 so small that the total amount of sodum chlonde reabsorbed 1s much
less than 1n normal persons Thus in chromc congestive heart failure the
renal bloed flow and filtration rate 1s decreased, the per cent of sodwum
chloride reabsorption by the tubules 1s increased, and the urinary excre
tion of sodum chlonde 15 reduced It should be emphasized that the dis
turbed renal hemodynamcs of chromic failure are not correlated with
changes 1n various pressure, but do correlate with the reduction of cardiac
output

Many objections have been raised to the glomerular tubular 1mbalance
concept of sodium retention For mstance many nvestigators beheve that
the damming up of blood behind the failing ventricles forces water nto
the tissues by ncreasing venous and capillary pressure Thus, mgested
salt and water pass through the blood stream to the tissues and are not
excreted by the hidneys because of prerenal deviation Some arguments
against this theory are that 1t fails to account for the sumilar retention of
salt which oceurs after hemorrhage or trauma that plasma and blood vol
ume m chronic congestive failure 1s 1ncreased rather than decreased and
that the quantitative difficulties 1n handhng sodium chlonde persist after
the venous pressure has been returned to normal by salt restriction an
duuretics

Other 1nvestigators have felt that the impamrment of sodum chlonde
excretion results from high venous pressure m the kidneys produced by
bachward failure This has been shown to be true in ammal expenments
where there 1s a decrease 1n sodium chlonde output from a rse 1n venous
pressure without perceptible change m renal blood flow or filtration Tate
This does not explain the abnormal sodium chloride retentton in man that
persists after the return to normal central venous pressure, ner does 1t €€
plain similar retention of sodium chlonde after hemorrhage he

Another objection to the glomerular tubular imbalance concept 15 ¥ d
fact that some other diseases such as chromc glomerulo nephntis :nr
marhed nephrosclerosts do not cause the same tendency to edema so ¢
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actenistic of congestive heart failure Stead' points out that this observa
tion actually supports the concept as there 1s usually a decrease in tubular
as well as glomerular function in these renal diseases On the other hand
the tubular function remains surpnistngly good in congestive heart failure

In other words the argument 1s that a fairly even and equal decrease
n glomerular filtration and 1n tubular function because of disease will de
crease the tendency for edema formation

With the tremendous interest i the salt retention brought about by
ACTH cortisone testosterone and other corticosteroids some nvestiga
tors wonder whether a major cause for salt retention 1n congestive heart
faillure might not be hormonal mfluence upon the renal tubules produced
by decreased circulation 1n the pituitary and adrenal glands There 1s some
indication that there 1s increased unnary excretion of corticoids Studies
of sweat secretion are compatible with this thesis Undoubtedly the de
creaced cardiac output does stimulate the prtwitary adrenal aws, but 1t 1s
highly doubtful that such stimulation plays much of a part in congestive
heart failure It remains to be shown that the body produces sufficient
salt retaining hormones such as aldosterone to cause the massive edema of
chronic heart failure

In summary the basic mechamsm of congestive heart failure is the de
creased cardiac output produced by orgamc heart disease The decreased
cardiac output n turn produces a decrease 1n renal blood flow and renal
glomerular filtration rate In the face of normal tubular reabsorption there
15 a quantitative decrease in sodium chlonde excretion With unrestricted
flud and electrolyte intake sodium chlonde retention occurs and the ex
tracellular space d d d flud retention and the even
tual production of chmcal edema It remamns to be shown whether the
stress of congestive failure produces unusually large amounts of salt re
taiming hormones In acute congestive heart failure brought about by myo
cardial infarction and simular conditions pulmonary edema develops sud
denly without a change 1n body weight due to an abnormal redistribution
of the flurd normally present 1n the body

Signs and Sy ‘The 1 symptom of myocardial insufficiency
1s dyspnea on exertion or at rest Various tasks that formerly caused no
symptoms now produce shortness of breath If the individual has led a
very sedentary life or 1if lus activities have been severely restricted because
of disabilities the first symptom may be dyspnea that comes suddenly at
rest particularly at mght As the degree of myocardial mnsufficiency
creases dyspnea occurs with less physical effort until finally 1t 1s present
even at rest Dyspnea of such seventy as to render lving flat m bed duffi
cult or impossible 15 called orthopnea At this point Cheyne Stokes breath
ng 15 usually present As the condition progresses moist rales appear first
at the lung bases and later throughout the lungs There may be attachs
of paroxysmal gardiac dyspnea attended by asthmatic breathing (cardrac
asthma) or by acute pulmonary edema with copious frothy and frequently
blood stamed expectoration All these signs and symptoms are due to con
gestion 1n the pulmonary circulation
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In the earlest phases of left ventricular failure described 1n the preced
g paragraph, there may be no overt signs or symptoms However the
wital capacity of the lungs 1s already dimmshed, crculation time from
arm to tongue may be shghtly prolonged and there are almost mvanably
signs of heart disease as manifested by cardiac enlargement and sigmificant
heart murmurs At this point X ray studies of the chest will not reveal
pulmonary congestion as commonly believed The butterfly distribution of
pulmonary congestion and signs of fld mn the chest usually occur only
with frankly overt physical signs and symptoms Other findings that usu
ally occur late m the disease are a diastolic gallop rhythm and pulsus
alternans

The early evidence of congestion of the greater circulation 15 ncreased
venous distentton and/or dependent edema In the earher stages of failure,
venous pressure may be within normal mts during rest and only become
elevated during exertion Therefore a normal resting venous pressure does
not necessanly mdicate cardiac competence or an abihty to do work under
stress On the other hand creased venous pressure at rest imples a
moderate degree of fluid retention i the extracellular space The appear
ance of edema m the ambulatory person occurs 1 the mormng and
creases during the day only to disappear at mght * In the bedndden pa
tient the first appearance of chnical edema may be over the sacrum, the
most dependent portion of the body Unfortunately, the first appearance
of edema that pits on pressure does indicate that excessive flud has al
ready accumulated It has been demonstrated 1n actual practice that the
patient goes from his basal weight level to the chimical appearance of edem:
through a stage 1n which fluid 1s insensibly collected and only mamif: t
by an merease in body weight It has been stated that there must be a
ten per cent increase i body weight before clinical edema appears There
fore mn a patient 1 whom congestive heart failure 1s suspected or m
whom 1t has occurred before a defimte weight gain from five to ten pounds
within a short period of time indicates icreasing congestive heart failure
As a part of the congestion 1n the greater arculation venous pressure i
creases the Jugular vens distend and the hver enlarges Associated with
this congestion 1 the splanchmc area are symptoms of epigastric distress,
nausea food itolerance and other gastromntestinal symptoms Palpation
of the liver will reveal an enlargement below the xyphord and/or the costal
margin often accompanied by pain on pressure

There are other symptoms which generally accompany heart farlure
They are less distinctive and are commonly found 1n other conditions u%
associated with heart failure These symptoms mclude weakness easy
fatigability imtabiity mdigestion insomma and dull aching precordml
pam Alone such symptoms are of hittle value i establishing the dagnos's
of congestive heart failure

Although congestion 1n the lesser and greater circulations can 0‘-‘"“1;
separately they are much more commonly found together As a result 2

s and 1ncress

-
‘As flwd retention increases edema will not disappear Stasis infection:
1ng fibrosis of the subcutaneous tissues are normal scquelae
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combmations of the above symptoms and signs may be ehcited Thus, the
usual picture of early combined farlure consists of dyspnea orthopnea a
few moist rales at the lung bases more particularly on the rght distention
of the nech vemns shghtly enlarged liver and from one to two plus pitting
edema of the ankles and feet more noticable 1n the afterncon Although
rales usually are heard first at the nght lung base and later at the left
base the reverse can occur Pleural effusions do not appear if the visceral
and parietal pleural 1 are fused by anteced disease The full
blown picture of combined failure 1s as follons The patient 1s orthopneic
and the neck veins are obviously distended above the heart level Respira
tion 1s markedly increased and often of the Cheyne Stohes type Moist
rales are heard 1n the chest extending from the bases to the fourth or fifth
mterspace Other findings are dulness to percusston and evidence of flud
at both bases gallop rhythm cardiac enlargement on imspection and by
percussion the liver edge three to four fingerbreadths below the xyphoid
and/for the nght costal margin more or less fld 1n the abdomen as mam
fested by shifting dulness four plus pitting edema of the legs lower abdo
men and scrotum and visible cyanosis of the face and extrerties but
particularly the nail beds and tongue Blood pressure 1s usually normal
but may be sol h ! { Pulsus al may be led by pal
pation of the radial pulses or with the sphygmomonometer Finally there
may be a shght icteric tint to the sclerae and shin due to impaired liver
function
Differential Diagnosis One of the most important features in the treat
ment of congestive heart failure 1s the recognition of conditions that may
simulate 1t Too some disorders may produce congestive heart failure as &
secondary manifestation In the latter type of dysfunction the treatment
of the primary disease 18 much more 1mportant than the treatment of the
1on All too frequently d Iis and diuretics are unnecessanly
administered to patients who are thought to have congestive heart fallure
Hypotension tachycardia dyspnea rales mn the chest and edema often
are due to causes other than congestive heart failure
These conditions can be roughly divided mto two groups The first group
consists of the diseases and manipulations that cause peripheral aircula
tory failure or shock Such conditions include infectious diseases severe
hemorrhage severe trauma diabetic acidosis cerebral hemorrhage surg
cal operations (particularly with prolonged anesthesia) conditions pro
ducing pulmonary emboli and conditions which cause severe resprratory
embarrassment such as emphysema asthma and other pulmonary dis
orders Unless there 1s an element of congestive heart failure 1 association
with these d the usual th 1c for congestive heart
failure are of no avail
The second group consists of conditions associated with high output
farlure  In these the mamfestations of congestive heart failure often co
eust with the primary disease Among this group can be included severe
anemas nutntional defi hyperthyrord and arter fis
tulas Other muscellaneous conditions consist of myxzedema renal disease
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Iymphangitis, thrombophlebitis of the lower extrermities marhed obesity,
and supramediastinal obstructions These conditions may also serve as
complications of primary congesttve heart failure
The diagnosis of congestive heart failure should not be made unless
definite signs and symptoms are present In doubtful cases a therapeutic
trial of digitalis 1s worthwhile Differential chagnosis 1s arded by measunng
vital capacity, body weight, circulation time and venous pressure before
and during digitalization
Diagnosis of Some Surglcally Remediable Conditions Although the
diagnosis of these conditions are presented more fully i other chaplers
1t 15 worthwhile to present a few of the charactenstic features of some of
the congemital and acquired cardiovascular lestons that may produce con
gestive failure and which may be 1mproved or corrected surgically
Pure Pulmonary Stenosis Usually the child afflicted wath this congenttal
lesion lives only six to eight months TIn the milder forms the chnical fea
tures are dyspnea, marked himtation of activity, progressive rght ven
tricular enlargement and fulness of the pulmonary conus of the right ven
tracle Cyanosis varies with the patency of the foramen ovale A systolic
murmur and thrll over the pulmonary area occurs almost mvanably The
electrocardiogram shows marked right axis deviation An abnormally short
circulation time occurs only with a patent foramen ovale
Lutembacher Syndrome This congemtal disorder s an atmal septal
defect combmed with mitral stenosis and enormous dilatation of the pul
monary artery It occurs twice as often m women as m men Life expect
ancy 1s about forty years Suspicion should be aroused upon seemg an
astheme person of poor physical development with conspicuaus left sided
chest deformity but without cyanosis or clubbing The important phy sical
findings are a basal systohc murmur ntermittent paroxysmal aurtcular
tachycardia, and s1gns of mitral valvular disease The distmctive X ray
features are increased hilar shadows great night atnal and right ventnicular
enlargement, a small aortic knob, and a prominent pulmonary conus Tall
P waves a prolonged P R interval nght axis deviation and QRS changes
are the usual ECG findings
The Maladie de Roger Roger was the first to describe the simple Per
foration m the ventnicular wall Rogers disease differs from a high ven
tricular septal defect which 15 caused by a failure of the aortic septum to
meet the ventncular septum The latter may occur alone or when the
aortn over rides the ventricular septum The maladie de Roger 1 usually
asymptomatic and s discovered upon routine physical exammation
harsh systolic murmur and thril are found m the third and fourth left
nterspaces close to the sternum Surgery 1s rarely required
Patent Ductus Arteriosus This congemtal Jeston 15 usually easy {0 diag
nose chmcally Very infrequently 1t may need to be distinguished frordn
the murmurs of severe anemia and a venous hum often heard 1n chuldboo
Almost 1vartably a continuous or so called machinery murmur i$ foun
over the pulmonic area (second left interspace) with a systoltc accentud
tion and widened pulse pressure When a systohc murmur without ;!;’
diastolic component 1s found m this area, 1t can be rarely diagnose
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patent ductus arteriosus Not all individuals with this lesion need surgery
The patient should be checked periodically for signs of progressive cardiac
farlure assoclated with symmetrical ventncular enlargement

Coarctation of the Aorta There are two distinct types infantile and
adult In the former the patent ductus artenosus remains patent The
adult type occurs much more frequently in males and the constriction 1s
found usually just prouimal to the ductus arteriosus The clinical findings
1 the stnbangly well developed male are the difference in strength of the
pulse and blood pressure between the upper and lower extremities The
nght radial pulse 1s often greater than the left because of constriction of
the left subclavian artery Blood pressure and artenal pulsations mn the
lower extremities are greatly dimmshed The extensive collateral circula
tion preduces murmurs and pulsations not found mn the normal person
The most common places where these findings occur are the intrascapular
area and over the internal mammary artertes The X ray often reveals
notching of the nbs due to the enlargement of the internal mammary
artertes This finding 15 rarely seen before twelve years of age X rays
often reveal a dilated aortic knob Finally poor and delayed healing of leg
wounds 1n normal appeanng tissue should arouse suspicion

‘The infantile ty pe 1s usually incompatible with hfe beyond early infancy
and 15 difficult to diagnose

Arteriovenous Fistulas The congemtal form usually occurs in the ex
tremities and rarely causes cardiac failure Large fistulas in the lungs may
cause cardiac embar t They are d. d by the of X ray
shadows and a murmur heard locally 1if the site of the fistula 1s near the
chest wall

The d type of arter fistula if large may cause marhed
cardiac embarrassment and congestive fa:lure The diagnosis 1s usually
simple It d ds upon the foll g d: the of unex

plamed umilateral vancosities one mb longer or warmer than the other
Increased oxygen saturation of the venous blood from the site of the lesion
evidence of venous insufficiency after an mjury the patient s awareness
of a murmur 1n the regon of a penetrating wound the findmg of a con
tinuous machinery lihe thnll and brwt (increased i intensity during
systole) and the sharp decrease 1n pulse rate when the fistula 15 closed by
digital pressure (Branham s sign)

Acquired Cardiae Valvular Defects The most important lesions are
mutral and aortic stenosis Surgical intervention as discussed elsewhere in
this book can produce dramatic results The signs and symptoms of these
valvular lesions are described 1n Chapter 17

Therapy of Congestive Heart Failure The mmportant therapeutic meas
ures 1n the treatment of congestive heart failure are rest rehef from pamn
or discomfort digitahzation restriction of sodium ingestion and diuretics
The prevention and treatment of complxcahons that aggravate congestive
heart failure are d d1n

Restriction of Aetivities One of the most important measures in the
treatment of patients with congestive heart failure 1s the restniction of
actmties by confirement to bed and chair The effectiveness of such a re
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gime 15 well illustrated during the climeal evaluation of one of the digitalis
preparations when no other therapeutic measures are used If a patient’s
actiwities are markedly restricted 1t may take ten to fourteen days to
reach a state of equltbrium In the patient n congestive beart failure with
auricular fibrllation the ventricular rate will slow and there may be a
spontaneous dwresis of ten te thirty pounds of flud with a concomitant
weight loss Under the hurry up” modern methods of treatment for con
gestive heart failure m which bedrest, digitahization low salt diet and
dwretics are employed sunultaneously, this factor 1s often overlooked The
restriction of actwities will 1ncrease renal blood flow, glomerular filtration
rate, and thereby the urinary output of sodum

The social and economic aspects of the individual patient must be taken
mto consideration 1 this respect In very muld congestive failure with
mmmal edema and weight gam a few days restnction to the bedroom
with bathroom privileges may be employed rather than continuous bed
rest With evidence of moderate congestive failure, bedrest wall hasten the
rehabilitation of the patient As i myocardal infarction, bedrest should
not 1mply absolute immobility The patient should be encouraged to move
around and flex the muscles to prevent peripheral stasis and thromboem
bolism Self feeding shaving, and frequent turning should be encouraged
If a comfortable chair can be provided there 1s no reason why the patient
should not spend most of the waking hours n 1t Some find 1t more com
fortable to even sleep 1n the chair The use of a bedside commode rather
than a bedpan 1s to be d Normal e tion 1s much more
likely and oxygen consumption 1s sigmficantly reduced with the use ofa
bedside commode as compared to a bedpan In the presence of penpheral
venous thrombosis the stramming on a bedpan may easily induce pulmo
nary embolism

Patients with congestive heart failure i general fare better 1n the up
night position This 1s particularly smportant as the horizontal posttion
favors the accumulation of flmd due to the reabsorption of edema from the
legs As the lungs mstead of the legs become the most dependent portton
of the body pulmonary edema and stasis pneumomtis may result The up
right positton enhances dramage of the urmary tract and the ability 10
void The hkelihood of urinary infection and calcuh are decreased A sim
ple measure to prevent paroxysmal nocturnal dyspnea 1s the placement of
blocks eight to nine mnches mgh under the head posts of the bed

Under restriction of activities may be included a low calonc diet m the
overweight patient Semmstarvation produces a fall in blood pressure, pulse
rate and basal metabolic rate These changes will dimimsh the worh ©
the heart and thereby improve the arculation With moderately severe
congestive heart failure the simple Karell diet consisting only of 200 c¢
of mulk four times daily, but allowing additional water up to two or three
hters daily, may be employed for two or three days Afterwards 2 more
general diet contammng the proper amount of vitamuns 15 gradually al
Jowed A diet allowing 1 Gm of protemn per kg body weight pct day
permussible unless there 1s real evidence of severe nephritis or cirrhosis

Under the restriction of activities sedation should be included The
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orthopnea dyspnea and general discomfort of patients with moderate
congestive failure may be combated by continuous sedation It may be
advisable to give 10 to 15 mg (1/6 to Y grain) of morphine sulfate sub
cutaneously for the first few mghts This dose should be gradually dimm
1shed and in four or five days phenobarintal 60 to 80 mg (1 to 114 grains)
pentobarbital 1n the same dosage or chloral hydrate 10 Gm (16 gramns)
may be given to induce sleep Daytime sedation such as phenobarbital
15 to 30 mg (Y to % grain) may be used three times daily

E e use of barb and anal may be dang m cor
pulmonale or in serious Iiver disease In cor pulmonale there 15 an elevation
of the carbon dioxide tension (pCO ) which 1s aggravated by medication
that depresses the respiratory center Confusion diminished ventilation
and even death may occur Severe liver disease prolongs the action of these
drugs

Other measures to 1nduce rest consist of mild cathartics or enemas f
constipation 15 present after two to three days In the presence of pychoses
which are often associated with severe heart fatlure all sedatives should be
withheld Dunng the early penod of recovery visttors should be restricted
although diversions such as reading hstening to the radio watching TV
and wniting letters help relieve the baredom induced by the physical re
stniction

Digitalis 'The mode of action and therapeutic uses of digitahs whole leaf
the glycosides derived from the digitalis plants and other cardiac glyco
sides are described 1n greater detail in Chapter 17 Brefly digitabs 1s the
only drug 1n present use which has a specific action upon congestive heart
failure In congestive heart failure the myocardium 1s dilated both 1n
systole and dastole Digitalis 1s the only known drug, that can shrink the
heart size to within normal lwts If medication 15 carned to excess m
diseased hearts the systolic and diastohic sizes are further reduced Efi

ciency 1s lost and ve may reapp Digitabis ad
tration reduces the reserve of normal hearts In patients suffening from
auncular fibnllation d lis delays conduction ¢k h the AV node and

slows the ventncular rate It 1s the drug of choice for congestive heart
farlure It increases tontcity and contractihity of the damaged myocardmum
The milder forms of congestive failure can be handled by digitahs ad
ramistration alone It s only i the more severe forms that salt restnchion
mercunals or other forms of therapy need be employed In recent years
there has been an d hs toxiaity iatrogenic m
ongin In actual practice digitalis 1s a relatxvely safe drug as its thera
peutic range 1s about two thirds of the dose required to preoduce toxmc
symptoms The most important point about digitalis therapy 1s the avoid
ance of toxicity It 1s the RARE patient that needs rapid digitahzation
The overwhelming majonty of patients can be digitalized over a period
of days it the general principles of restricted activitics and the judicious
use of mercurials or & sodum restricted diet are followed The patient with
mld congestive failure can be given 1 Gm of the whole leaf (134 grains)
or digitoxin 0 1 mg three tumes a day for five days and then re evaluated
chimeally In the few 1nstances where moderate haste 1s necessary the pa
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tient may be digitalized in two or three days if kept under constant ob
servation The whole leaf 03 Gm (414 grains) or digitoxin 03 mg may
be given every six hours The patient should be evaluated before each new
dose

The most common toxic signs are the appearance of frequent premature
ventncular beats and coupling The most common symptoms are gastro
ntestinal Nausea, vomiting and diarrhea oceur as the toxic dose 1s ap
proached The signs and symptoms of improvement are weight loss, and
the disappearance of dyspnea, orthopnea, peripheral edema engorgement
of the liver, abdomunal fluid rales, and pleural effusion In congestive fail
ure associated with auricular fibnllation, the slowing of the ventricular
rate from around 140 to 170 to a rate between 60 to 80 15 a very helpful
guide to therapy The premature ventrcular beats associated with uncon
trolled auricular fibrillation disappear as the ventricular rate 1s controlled
Durning the early stages of digitalization the ventricular slowing 1s due to
the vagal effect and later to the direct effect upon the conduction tissue
of the heart 1tself

In the rare patient cnitically 1ll with acute congestive failure, intraven
ous digitahization may be employed cautiously In such cases no more than
one half of the digitahzing dose of the drug should be given Toxic effects
from unsuspected previous digitahization electrolyte xmbalance, and un
usual sensitivity may thus be avorded The mtravenous preparation of the
whole leaf digalen may be given m a dosage equivalent to 08 Gm (12
grains) of the whole leaf Sumilarly 0 8 mg of digitoxin may be employ ed
Ouabain or strophanthin, which are the fastest acting glycosides, may be
given m doses of 03 to 0 5 mg and 0 5 to 0 75 mg respectively Tt 15 safer
to wait at least four to six hours before giving any further digitalis regard
less of the preparation Although complete digitalization wall not be ac
comphshed by this method the patient’s hife will not be jeopardized Con
comitant measures such as oxygen morphine, and immobilization will
help 1n producing the rapid abatement of the symptoms and signs

Unless 1t 15 certain that digitabis has not been given previously discre
tion 1s the better part of valor and one should proceed to digitalize cal
tiously It should be poimnted out that myocardial infarction 1s not a con
Itra’mdtcatwn to the use of digitalis in the presence of congestiwe heart
wmlure

Digitalis dosage must be tailored to the individual Therefore no rule
of thumb wll suffice for erther the amount of drug needed for digatalization
or for dally maintenance In about fifty to seventy five per cent of pahents
15Gm (22% grams) of digitalis and 15 mg of digatoxan will fully digtta!
1ze In a sumilar percentage of patients the average mamntenance dose for
each drug 15 approximately one tenth of the digitalizing dose digitals 0 15
Gm (2 grans) and digitoxin 015 mg It 1s the authors opmuon that m
most 1nstances the whole leaf preparation should be tried first Qnly after
an unsuccessful therapeutic tnal of the whole leaf should one of the PU?
fied glycosides such as dizitoxin digoxin or gitalin be employed Esery
three to six months 1t may be necessary to reevaluate a patient ‘m:
maintenance dose 1n order to avoid toxicity or underdigitahization Fo
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tunately, once a dose 1s 1t usually can be main
tamned for years without need for adjustment Some patients seem to do
better on certain preparations than others as far as gastrointestinal toler
ance 1s concerned In the vast majonty of patients this 1s purely emotional
Another very important point 1s that patients do not develop tolerance to
digitalis Rather 1f the congestive failure 1t 15 due to d t
zation or to progression of the disease Finally sensitization to digitahs
preparations occurs rarely 1f ever

Divretics In many instances of congestive heart faillure digitahis com
bined with restricted activities causes sufficient druresis to produce an
edema free state As the disease progresses in severity these measures are
not. suffi to prevent lation of body fluid and visible edema
In acute severe congestive heart failure precipitated by the onset of aunc
ular fibrillation myocardial infarction lobar pneumoma and other severe
conditions 1t 1s wise to expedite diuresis by the use of dwretics

Organtc Mercurials Among the many diuretics available the orgamc
mercunals are considered the most potent most dependable and most
rapid 1n action

The depressant effect of mercury upon the function of the tubular cells
promotes the excretion of water by means of osmotic diurests 1 the distal
tubule It 1s debatable whether the main effect consists of blocking the
reabsorption of chloride or sodium At any rate the rejection of the electro
lyte enhances the excretion of water The advantage of organic mercunals
over 1morganic compounds Ites 1n the fact that they are largely and rapidly
excreted by the hidney Therr low dissociabiity permuts control of the
degree to which renal reabsorptive capacity 1s reduced It is behieved that
therr activity 1s due to the inhibition of the SH activated enzyme system
presumably by the formation of mercaptides Strong evidence for this 1s
the fact that certain mercaptans can prevent sy mercury p
and the dwretic effect of the organic mercurtals Dimercaprol (BAL) 2
dithiol analogue of glycerol 1s the most effective of the mercaptans and
15 used to treat acute mercumal poisoning

In planning a rational dzretic regrme with mercunals one should bear
in mind therr many possible side effects These reactions can be divided
mnto three major groups porsomng from either a single excessive dose or

we effects hy ity to either mercury or a specific com

pound and the effects of excessive diuresis such as dehydration electro
lyte depletion or acute urinary retention The allergic reactions may be
prevented by not exceeding 1 cc m adults and 05 cc 1 children in the
mmtial test dose Although deaths and sertous side effects rarely occur the
intravenous njection of mercurials should be avorded except in emergen
aies because of the danger of hyp wity and the 1 produc
tion of senous arrhythmias such as ventncular tachycardia ventnicular
flutter and ventrcular fibrillation Dilution and slow 1nfusion do not pre

vent such t, The p of hy, are usually mild
following the first few 1njections by any route They are manfested by a
b feeling of chill fever cut eruptions or vomiting

‘With subsequent 1njections more severe symptoms may occur and can ter
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minate 1 irreversible shock and death Since hypersensitivity 1s usually
limited to one specific compound 1t 1s best to change preparations at the
appearance of any of these reactions An extremely rare allergic mamtfesta
tion 1s agranulocytosis

Most of the orgame mercunal preparations commercially avalable con
tain about 40 mg of mercury and 30 to 50 mg of theophylhne per cc
Table I lists some of the better known forms The usual site for mjection
15 1ntramuscular

Mercaptomenn sodwum USP (thiomerm sodwm) 1s the only one
which does not contain theophylline The hinhage of the mercury 1on to
sulfur results in comparatively hittle dissociation locally and the resultant
tissue reaction 1s mimimal For this reason 1t has been recommended for
subcutaneous injection However when given by this route, the medence
of local reactions such as pain, ecchymosis and fibrous nodules 15 about
twenty per cent * As this compound also has a higher ncidence of senst
tvity reactions than the other preparations 1t 1s not recommended for
routine use

Merethoxylline procame NNR (dicurin procamne) 1s also available for
deep subcutaneous mjection but preferably by the intramuscular route
The drug should not be given to patients sensitive to procamne

The oral route of admimstration has been given extensive tnal mn the
last decade Unfortunately absorption 1s erratic and the duretic effect 15
uncertain Frequently the symptoms of mercurialism appear These symp
toms are gingivitis, metallic taste, epigastric distress nausea, abdomunal
griping and colitis Chlormerodrin and mercumatthn are effective n datly
doses ranging from one to four tablets About five to ten per cent of the
mgested mercury 15 absorbed from the intestinal tract Oral admimstration
of mercunals 1s not recommended for routine use

Suppositories of orgamic mercurals are avarlable, however the absorp
tion 1s unpredictable and rectal irmtation occurs frequently This route 18
not recommended

The usual procedure 1s to start with an mtramuscular test dose of 05¢¢
of one of the preparations The njection should be given 1n the morning
or at least «1x hours before retiring to prevent interference with sleep 1t
renal function 15 normal and no allergic symptoms or signs appear the p2
tient may be started on erther a course of 1 cc daily or 2 cc every other
day Such a regime will prevent excessive accumulation of mercury 1 the
tubules or excessive diuresis which may cause electrolyte imbalance The
patient should be weighed daily or at least every other day The go':‘xl »
to achieve and maintam the ¢ basal weight level rather than actual dry
weight  which 1s the pomt where diuretics are no longer effective 2
when the patient 15 dehydrated When the “basal weight level has beet
achieved, the injections of mercunals are gradually spaced out m the hope
that eventually they will become unnecessary In patients who are akﬁa[j’
prrtially or fully digitahized excessive diuresis 18 particularly undesirable
as 1t may precipitate hypohalemia thereby increasing the toxicity of dhgt
tais Redigitalization by the mobilization of cardize glyc ("l‘:":
the extracellular flnd does not occur Recent studies® have shown tha
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there 1s very httle digitalis in such fluid space and that the toxic effects
are associated with a low potasstum plasma level In patients with marked
edema who are expected to require prolonged mercunal treatment the
serum levels of sodium potassium chlonde CO combining power and
urea mtrogen are determuned at the outset

Ammonium Chloride Often the acdifying salt NH(Cl 1s employed
therapeutically to enhance the effect of the organic mercunals

The mechamsm of the dwretic action of NH,Cl 1s based upon the m
crease of the chlonde concentration of the extracellular flmd as the cation
NH* 1s converted to urea and the replaced anion HCQO:— rapidly goes
to CO and H O An apprectable amount of the augmented chlonde load
to the tubules escapes reabsorption along with a cation predommantly
sodium but also potassium and an 1sosmotic quantity of water The re
sulting net loss 1n ext llular fld p the mobihization of edema
flmd

As a result of the acidosis produced the renal defense calls for the ex
cretion of chloride unaccompanied by fixed cation The kudney accom
phshes this by elaborating ammoma secreting H+ for Nat and thereby ex
cretmng Cl— 1n combination with NH;+ Full compensation 1s achieved mn
three to four days at which time the renal excretion of ammomum chlonde
may equal that ingested

1ly, theref hlonde 1s effective for a penod of only

one to two days As the drug may cause gastric untation gelatin capsules
are admunsstered orally Enteric coated capsules are absorbed erratically
The usual dosage 15 8§ 0 to 12 Gm daily given i divided doses for one to
three days the orgamic mercunial being admunstered on the second day
In order to abolish the renal defense pattern three to four days should
elapse between courses of ammomum chlonde

Xanthines Smce the introduction of the potent orgamic mercunal
druretics other milder diuretics have been almust ccmpletely ahandoned
Anunophylhne (theophylline with ethyl ) 1s
ally The diwretic effect 1s produced by an effect upon the renal tubules
stmilar to that mduced by mercunals There 1s also a bref increase 1 renal
blood flow It should be remembered that xanthmes do more than produce
dwresis They stimulate respiration by lowenng the threshold of the re
spratory center to pCO  Other effects are central nervous system stimula
tion 1ncreased cardiac work and smooth muscle relaxation as mamfested
by bronchodilatation snd peripheral vasodilatation

Orally the varous xanthines differ in potency Theophylime 1s the most
potent Theobromine 15 shightly less potent but acts Ionger Caffeine 1s the
weakest ditretic and has a more pronounced effect upon the central nerv
ous system Oral absorption produces very low blood levels Rectal admin
istration (suppositones) 1s shightly more effective The intravenous route
achieves very high blood levels and clmical effectiveness The gastroimntes
tmal rntation produced by oral adi tration 1n large doses prevents an
eﬂecnve blood level

{theopt ethylened. ) USP 1s the most
widely employed snluble theophyllme salt It consists of a combination of
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approuumately 78 per cent anhydrous theophyline and 12 per cent ethy
lenediamine Tt may be given orally, mtramuscularly mtravenously and
rectally In acute pulmonary edema, desprte the report of rare deaths
(presumably due to myocardial stimulation and/or excessive peripheral
vasodilatation), 1t may be admnmistered ntravenously if well diluted and
given over a pertod of ten to fifteen minutes The usual dose 1s 250 to 500
mg The blood level and presumably the clinical effect decreases about ten
per cent every thirty minutes when given intravenouslv To prevent noc
turnal dyspreq, it may be gwen rectally in the form of & 500 mg suppost
tory Orally 1t may be given 1n plan and enteric coated tablets 100 to 200
mg three to four times daily

Other preparations that may be given are theobromne which 15 only
gwen orally and choline theophyllinate (choledyl®) which has been mtro
duced very recently The latter differs from other theophylline prepara
tions m that 1t 15 a true salt rather than an addition product Oral absorp
tion 1s greater and more rapid than with other theophylline preparations
Gastromntestinal rrntation 1s claimed to be greatly reduced The recom
mended oral dose 15 100 to 200 mg four times daily Daly doses up to
1500 mg have been reported to be well tolerated

Carbomie Anhydrase Inhibition A new and different tvpe of drug has
been added recently to the list of dretics Acetazolamde (diamox®) pro
duces dsuresis by interference with the catalytic effect of carbome anhy
girage n the renal tubules upon the reversible reaction between CO and

CO.+HO _——YHHCO,

As the important renal functions for comserving fixed cation depend upon
the exchange of H+ in the renal tubular cell with Na+ m the tubular
unne and as the source of H+ 1s believed to be carbonic acid, 1t can be
readily appreciated that when the rate of formation of carbomc aid 15
depressed (by the inhibition of carbonic anhydrase), Ht and Nat &x
change 1n the tubule 1s greatly reduced Bicarbonate reabsorption becormes
mcomplete titratable acd and ammoma disappear from the urme and an
mcreased volume of alkaline urine 15 excreted without significant loss of
chlotide phosphate and the accompanying cations A metabolic acidoss
develops Other renal transport h Temam ltered

If a single daily dose between 250 500 mg 1s admistered, the peah
effect 1s reached within two hours 70 90 per cent 1s excreted unchanged 11
the unne and the effect lasts six to twelve hours A dose lower than 250 M8
orally 1s meffective and the ceiling dose 15 500 mg Dunng the subsequent
twelve fo cighteen hours renal compensation restores the extracelluls?
flurd to a normat level

The present recommended schedule 1s to admimster 250 500 mg one®
daily for three to four days with a rest peniod of sumilar duration Toxi
reactions are few Agranulocy tosis has been reported The early appearance
of paresthesias may disappear with continued admimstration Acetazold
mde may be grven with mercunals, each drug bemng given on alternate
days
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Restriction of Sodfum Ingestion Dtets In recent years with the growing
understanding of the quantitatively reduced sodium excretion 1n patients
with congestive failure and the resultant accumulation of salt and fluid in
the body, sodium restricted diets have become very popular Such diets
are most satisfactory with 11 and perative patients To be
effective the restriction must hmit the mtake of sodium to between 400
and 500 mg per day In some patients the sodium intake must be reduced
to 150 to 200 mg Such a restricted diet unless supplemented with special
protein preparations Jow 1n sodium will cause a marked reduction in pro
temn intake There 15 still some divergence of opinion whether such a re
duction 1s desirable The problem needs further investigation In moderate
congestive failure the more hberal sodium 1ntake of 400 to 500 mg 1s usu
ally sufficient When sodium ngestion 15 severely restricted the use of
mercunals can lead to dang, electrolyte imbal

The essential data necessary for planning a sodium restricted diet are
the degree of sodium restriction desired other needed dietary alterations
and the normal food habits and customs of the patient As these diets can
be obtained 1n any well run hospital or from such sources as the National
Academy of Sciences ® details will not be presented here Several points
however, should be emphasized The sodium content histed for foods 1s not
always exact The label should always be read The statement that no salt
has been added does not mean that the food itself 1s free of sodium In
order to permit dietary control by senal estimations of urinary chloride
excretion salt substitutes should not be used The preparation of food for
this diet need not be comphicated but the cook at home or mn the hospital
should exercise ingenuity 1n developing flavorings other than salt There
are many flavoring aids that do not contribute significant amounts of
sodium to the diet and may be used as desired Expenmentation 1s essen
tral 1n order to learn the correct amounts of flavoring In general 1t should
be remembered that ‘a hittle goes a long way! It s a sumple matter to
cook all meats and vegetables without adding salt A small amount of
sugar added to vegetables during the cooking period helps to bring out
the natural flavor of the food Fortunately many foods are now processed
and pached without added salt or with reduced sodum content

It should be appreciated that there 1s a considerable amount of sodium
1n the water supply of some areas Similarly water softened by certain
10n exchange systems 1s also high m sodium content Sodm bearng
medicinals such as the hicarbonate based antacids or ‘alkalizing

10ns may be a bl Other med Is contammng sodium are
certamn sahne cathartics barbiturates sulfonamdes antibiotics salicylates
and bromuides Certain barbrturates are avaable which contain caleum
rather than sodium Toothpastes and powders may contamn considerable
sodium Detergent residues on kitchenware and dishes may be a further
source of adventitious sodium 1ngestion but 1if ordmnary care 1s exercised
such restdues are not important

In planning a sodium restricted diet the patient should have good mot:
vation adequate instructions relating to the need for the diet and suffi

cient information concermng 1ts himitations This 1s the responsibility of
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the physician and should not be delegated to others The patient should
not be led to expect immediate or dramatic results and should know that
improvement usually requires many weeks and even months of stnct ad
herence to the diet In fact group discussions among patients on a low salt
diet will provide 1ncentive as well as useful information Encouragement
by all those who come m contact with the patient 1s very important

Cation Exchange Resins Shortly after Segal and associates® ntroduced
amon exchange resins as gastric antacids, Dock? found that cation ex
change resins could prevent the intestinal absorption and promote the
fecal excretion of sodium The mechamsm of action 1s complex® and 1 not
discussed 1n detail here The affimty of cations for the cation exchange
resins, which usually contain H+ or NHs* in combination with the
acidic groups, depends upon the relative concentration of cation and the
‘exchange capacity ’ as well as the particular affimty for any one cation
The divalent 1ons Cat and Mg have a greater affimty for the ca
tion exchange resins than do the monovalent cations K+, NH* and
Na+ arranged in the order of decreasing affimity

In practice the foregoing 1s important chmcally mn that a greater ex
change with K+ than Nat* can occur m the neutral or alkaline 1ntestinal
tract particularly when sodum intake 15 restricted about fifty per cent
The fecal elumination of sodium 1s decreased as its ntake 15 decreased
There may be a slow loss of calcium 3f the resins are given continuously

With mcreased fecal excretion of fixed cation and increased absorption
of H+ renal compensation 1s achieved quickly by the excretion of 2 highly
acid unne contaming large amounts of NH¢+ and CI- The hypo
chloremic acidosis thus brought about, 1s soon lost with continuous me
cation although some degree of hypochloremia may persist and enhance
the diretic effect of orgamic mercurials Finally, a large dose admmstered
to patients with normal renal function or a normal dose given to patients
with impaired renal function can produce renal decompensation

In order to avoid severe disturbances m electrolyte metabolism, 1t has
become the practice to employ mixed resins Carbacrylamne Tesins
NNR (carbo resin) 1s a mixture of 87 5 per cent polyacryhc carboxyhic
acd resin for cation exchange and 12 5 per cent polyamine methylene resit
for anion exchange Two thirds of the cation exchanger contains H+, one
third k+ Each gram of resn wil remove 1 mEq (23 mg) of Nat
the patient 15 on a daily diet of at least 37 Gm of sodwm chlonde Ittt
ally 16 Gm are taken orally three times daily between meals No more
than 24 Gm 1s advisable for a single dose When 1t 15 necessary to pre-
seribe more than 72 Gm per day the number of doses should be increased
To absorb this bulk of medicine flavored preparations have been concoct
to permut suspension of the resin m a glass of water Many recipes have
been devised for incorporating the finely powdered resins in 4 wide vanely
of foods

Untoward effects from resin admmstration consist of mild acidosis dur.
g the first few days (if renal function 15 adequate) hypocalcem2, 8%
gastnc imtation In the prolonged admimstration of ‘mixed resins calent®
should be gwven, preferably at bedtime, to avoid nterference from the 8¢
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tion of the resin ingested duning the day Finally, diarrhea may develop
occasionally and fecal impactions of resin may occur on rare occasions mn
elderly patients
Since most patients prefer a low sodium diet alone to resin therapy the
practical usefulness of cation exchange resins seems to be limited to those
cases of congestive fallure where low sodium diets and mercurnals are no
longer effechive The resins also seem 2 useful tool to enhance the effects
of mercunal dwretics However ammonium chlonde 1s much more effec
tive 1n this respect
Quinidine Congestive heart falure may be often assocrated with ar
rhythmias which mmpose an added burden to existing myocardial disease
The most common of these arrhythmias are auricular fibnllation and
auncular flutter Less common precipitants of congestive fallure are ven
tricular nodal, and paroxysmal auricular tachycardias It 1s wiser to treat
the congestive failure with digitalis diuretics and restricted activities be
fore considering conversion of the arrhythmia to a normal sinus mech
amsm This pninaple 1s particularly true in auncular fibnllation and
flutter In these conditions the ventricular rate will accelerate during the
conversion unless the AV node 1s protected by therapeutic dosage of
digitalis
It has been shown experimentally and chinically that a normal sinus
rhythm between sixty and eighty five beats per minute not only produces
a more efficient heart beat but also a ligher cardiac output than 1s found
i auncular fibnllation or auncular flutter The rates associated with
auncular nodal and ventncular tachycardias of between 120 to 200 beats
per minute are obviously much less efficient than a normal smus rhythm
at a normal rate Another factor to be considered 1s that 1n a high percent
age of patients long standing auricular fibrillation with the formation of
thromhl in the nght and left atna poses a threat of lesser and greater
t These embol are unpredictable and
may be catastrophic Recent articles” suggcst that the danger of embolism
from conversion 1s about one seventh that of allowing auncular fibnlla
tion to continue
Each case must be judged individually as to the ments or dements of
attempted conversion to normal simnus rhythm Some of the factors to be
taken into consideration are (1) the existing mental status of the patient
(2) the duration of fibrillation (3) the type and seventy of heart disease
(4) the ability of digitalis to control the ventncular rate i auncular
fibrnillation (5) the cooperation of the patient and famly and (6) the
amount of quimdine necessary to maintain normal sinus rthythm once con
version has occurred Some authorities feel that in auncular fibrillation
without congestive failure 1n which the rate can be controlled easily by
dimtalis conversion should not be attempted The usual reasons cited are
that (1) some patients with auricular fibnllation when converted to nor
mal simus rhythm present heart rates greater than 100 (2) there 1s a hugh
d of embolic ph during or shortly subsequent to conver
sion to a normal sinus rhythm and (3) the admimstration of qumdine
may cause death m a few mstances In the last decade there has been a
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general trend toward more active attempts at conversion to normal
rhythm, particularly m aurcular fibrillation Although no hard and fast
rules have been set up, a few physicians feel safer if anticoagulants are
given a week or ten days prior to attempted conversion 1 order to mm
mize embohc phenomena Those who have had extensive expertence feel
that the mcidence of embolism during conversion 1s neghgible and that
prophylactic anticoagulant therapy 1s rarely necessary Conversion to
normal rhythm and the mamtenance thereof 1s about 100 per cent effec
tive 1n people without apparent heart disease, about 90 to 95 per cent
effective mn those with mild to moderate artenosclerotic heart disease, and
just under 50 per cent effective 1 those with severe artenosclerotic heart
disease and moderate theumatic or syphilitic valvular disease In some
“hopeless’ cases brilhiant results have been obtamed
The generally accepted plan for conversion from auricular fibrillation
to a normal sinus rhythm 1s as follows After explamnmg the defimte but
small nsk to the patient, the patient 15 fully digitalized A test dose of
qumidine 100 to 200 mg 1s gven orally the day before conversion 1S
attempted The next day 200 mg may be given orally every two hours for
five doses with a careful check of the pulse blood pressure, and ECG
tracings It 1s not usually necessary to take an ECG tracing until Just
before the fourth dose to check for intramyocardial conduction delay and
for other quinidine effects The next day 300 mg can be given every two
hours for five doses on a similar schedule and on the third day of &b
tempted conversion 400 mg may be given on the same schedule *
Another dosage schedule 15 to give on the first day 200 mg at 10 A M,
300 mg at 2 PM, and 400 mg at 6 PM, agam exammmng before eachh
dose for pulse blood pressure, and ECG evidence of mntoxication The next
day the mmtial dose can be 500 mg with a similar 100 mg Increase per
dose This dosage may be increased until the last individual dose 1 8 day
reaches 10 to 15 Gm Another method 1s to give 200 to 600 mg three to
four times daily for several days A peak blood level 1s achieved within
three to four days if the same dose 15 given daily
Once the rhythm has been regularized one should give 200 to 800 mg
three times daily for two to three weeks depending upon the dosage 8t the
time of conversion and then slowly drop the dosage staircasewise 10 the
hope that 200 mg given two to four times daily will mantam normal SIS
rhythm In some instances the patient will be unable to be mantamed on
these schedules In others the symptoms of “cinchomism’ may protubit
conversion In such patients the use of long term anticoagulant therapy
to lessen the dangers of thromboembolism should be considered very £er
ously
The appearance of ventricular tachycardia in a patient with severe my0
cardial disease may warrant the use of quimdine intravenously In 5“1
cases the drug should be well diluted given very slowly ntravenously

s
* If conversion has not been achieved this dosage may be repeated for sg};ﬁ}i ;i:g)ﬂ
Rarely the dosage may be increased to 500 to 600 mg on successive days Th
of serious porsontng becomes mare likely when more than 20 Gm are given
Gm per day are considered the maximal dose
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momtored by serial ECG tracings, and stopped 1mmediately 1f there 1s a
severe drop in blood pressure ECG evidence of toxiaity such as prolonga
tion of the QRS and QT intervals or evidence that there 1s no aurtcular
pacemaher present In the last instance continued quimdine administra
tion will cause cardiac arrest Quimidine 1s the drug of chorce for therapy
of all supraventricular arrhythmias Procaine amide (pronestyl) appears
to be equally effective 1n the correction of ventricular arrhythmias How
ever several cases of locytosis from amide have been re
ported

Relief of Paln In patients with acute congestive heart falure or 1n
those with Cheyne Stokes respiration the judicious employment of mor
phine sulfate 1n doses of 15 to 30 mg (34 to 1% gram) will rapidly relieve
the discomfort In acute pulmonary edema the njection of two thirds of
this dose intravenously rather than subcutaneously may be hfe saving
Morphine does not relieve Cheyne Stokes breathing but does make the
pattent less aware of it

Surgical P, dures In a few sel d patients where the primary dis
ease can be removed or corrected by surgery such a procedure s the treat
ment of choice Congestive fallure must be treated before attempting
surgery At present surgery 1s most successful 1n the following conditions
arteriovenous fistulas hyperthyrordism stenosis of the mtral and aortic
valves d by a degree of it 'y most cases of
constrictive pericarditis severe pericardial adhesions and coarctation of
the aorta The morbidity and mortahty from surgical procedures 1n a pa
tient with heart disease are not to be regarded hightly despite the magmfi
cent progress in these procedures Certamnly no patient should be sub
Jected to surgery i whom there are no signs or symptoms of defimte and
progressive heart failure

Miscellaneous Forms of Therapy Southey Tubes Southey tubes have
been used for a long time for dramnmng edematous legs At present the
tubes have been replaced by the use of No 20 gauge needles The pro
cedure 1s to infiltrate the shin with 1 per cent procamne and then make
multiple 1ncistons with the needle Such a procedure 1s rarely used now
except 1 the more severe forms of congestive faillure when other treat
ments have failed Similarly subcutaneous punctures may be made in the
edematous scrotum There will be a sigmficant protein and electrolyte loss
from and thor: 1 Mobilization of edema fluid from the
tissues accompanied by diuresis does not cause sigmificant proten loss

Genuitourinary Problems In the patient with prostatism dirests may
not be successful due to obstruction at the bladder neck An mdwelling
catheter may be used during the diuresis if the bladder 1s partially decom
pensated The Latheter should be withdrawn as soon as possible to avoid
trod f and chrome bladder irritation Dunng the
pertod of cathetenzatxon sulfisoxale (gantnsin®) may be employed to
minimize urinary mfection The recommended oral dose 15 05 to 10 Gm
three times daily Flwds need not be forced and toxiaity 1s low Later a
transurethral resection may be of great benefit 1f the patient s condition
permit
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Phlebotomy Phlebotomies have been used for many years for acute
pulmonary edema The rationale has been that the sudden reduction in
venous pressure will relieve the bachward failure of the heart More re
cently bloodless phlebotomy has been recommended either by rotating
tourniquets or an apparatus that automatically produces a venous pres
sure sufficient to prevent return to the heart, but low enough not to pre
vent artenal mflow into the hmb It 1s the wnter’s opion that such pro
cedures are rarely if ever necessary and are dangerous for several rea
sons (1) Actual phlebotomy, unless the patient 1s phlethoric may further
Increase an anemia that 1s already embarrassing the myocardium (2)
tourniquets madvertently have been left attached more than ten or fifteen
minutes resulting 1n some permanent ischemia and in several instances
actual amputations have been required, (3) acute pulmonary edema re
sponds 1n the vast majority of patients to oxygen and morphine alone, and
(4) such procedures are alarming and painful to the patient Further
agitation and stimulation to the sympathetic nervous system aggravate
the condition

Production of Hypothyraidism Blumgart has been recommending for
many years the production of hypothyroidism m the euthyrod patient
with intractable congestive heart failure to lessen cardiac work The ongt
nal procedure was total or subtotal removal of the thyroid With the ad
vent of goitrogeme drugs propylthiouracil was tried More recently Lin
has proven to be the drug or tool of choice

The patient s basal metabolic rate 15 determined by use of odine up
take BMR and/or the plasma bound 1odine level I3 15 then given 1o
three or four well spaced small doses A single dose 1s more apt to produce
a marked thyroiditis with the concomitant release of thyroxine and tem
porary hypermetabolism The metabolic rate and blood cholesterol are
checked at intervals to determme the amount of hypothyroidism Pro
duced The effects do not appear for several weeks The final low metabolic
rate may not be reached for three or four months Mild to moderate relief
of symptoms 15 achieved 1n a little under fifty per cent of cases If the dose
of radioactive 1odine 1s too high myxedema 1s produced This usually 28
gravates and exaggerates the symptoms of congestive fulure The myX
edema can be reheved easly by daily admimstration of small doses of
desiceated thyroid extract Although the results are not as striking asmn
the relief of intractable angina this form of medication 1s well worth trymng
1n certain carefully selected patients

Pr fon and Tr of Campl Factors The physicial
should be acutely aware of the possibility of certamn complications
primary conditions that may produce congestive heart farlure are SUr8!
cally remediable conditions such as stenotic mutral and/or aortic valves
the tetralogy of Fallot ventricular and atnal septal defects, patent ductus
arteriosus coarctation of the aorta arteriovenous fistulas certan other
congemital anomalies and constnctive pencarditis dude

Primary or complicating factors that can be treated medically 30 u
severe anemias hyperthyroidism hypoprotemema hypothyrordism Vi "
min B complex defilency as manifested by berber: heart diseast
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thromboembolism It has been well d trated that h lobin levels
below 12 Gm decrease efficiency and work output Primary permicious
anemia can produce congestive heart failure when the hemoglobin level
drops to 4 or 5 Gm In this condition the use of liver extract and vitamin
B, 1s much more important than digitalis salt restriction or diretics
Although a low serum albumen per se will not cause congestive heart fail
ure any finding sigmificantly below 4 mg per cent will enhance the accumu
lation of extracellular flind A hberal protein intake and n emergencies
salt free albumen njections will correct this disorder Hyperthyroidism
occurs 1n about five per cent of patients with auncular fibnllation In hy
perthyroidism accompanted by auricular fibnllation and cengestive failure
digitalis and dretics may be unnecessary once normal metabolism has
been reestablished Hypothyroidism with a high blood cholesterol level
15 often associated with coronary arteriosclerosis and myocardial damage
The jud ly slow ad) ration of thyroid extract should be employed
This will prevent the preciprtation of angina and myocard:al nfarction
The ventricular hypertrophy and dilatation thought to accompany myx
edema 15 1n most nstances due to pericardial effusion and will disappear
duning thyroid medication Beriber: disease 1s a thiamune chloride defi
ctency which produces congestive fatlure because of mterference with intra
cellular enzyme actwmes The patient chromc congestxve heart failure
often has subcl 1 nutritional defi due to
the anorexic effects of dyspnea orthopnea and splanchnic congestion
Prophylactically the patient should be given vitamin <upplements and as
Iiberal a protein diet as possible
The danger of thromboembolism 1n congestive failure 1s ligher than pre
viously suspected The venous stasis in the legs and pelvxs due to edema
and restricted activity may cause ted tt and re t
pulmonary emboli Such complications easlly may be overlooked and con
sidered part of the pnmary disease It has been claimed that thurty five
per cent of the patients with heart disease have thrombu 1n the left atrium
or left ventnicle and that sntv five per cent of patients with myocardial
have p tem evydence of tt L bol Although these
figures may be too high the serious implications cannot be 1gnored
In rheumatic heart disease and particularly that associated with aunc
ular fibnllation there 15 a very high mcidence of thrombi in the left
atnum Such thromb:1 may produce recurrent cerebral embohism The acute
type of embolism simulates a primary cerebral vascular acadent The slow
type may appear to be a progressive orgamic bramn disease It 1s due to a
slow fragmentation of the thrombus It has recently been demonstrated
that four per cent of mnstitutionalized pattents with organic brain damage
have multiple embolic infarcts ** In such cases thrombi may not be sdent1
fiable at autopsy As a result todays climeian must think very seriously
of long term anticoagulant therapy in chronic congestive faillure particu
larly 1n those patients who have a past history of myocardal infarction 12
It remains to be demonstrated just how much protection can be provided
by such therapy
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Obstructive and nfectious diseases of the unnary tract may aggravate
the renal factor in congestive heart failure Routine renal function tests
should always be done When prostatism 1s suspected the residual urine
after voiding should be measured If there 1s a residual of more than 30 cc
(1 ounce) the bladder size should be watched carefully durnng diuresis
A catheter should be inserted :f voiding becomes difficult Urinary infechon
should be treated vigorously by a five day course of sulfisoxazole (gantrt
s1n®) or some similar drug If the infection 1s not eliminated, urine culture
should be done and appropriate broad spectrum antibiotic therapy mst
tuted

Finally hepatic hypoglycemia with confusion and coma has recently
been described 1n congestive heart failure! Often this cannot be corre
lated with the apparent chmcal degree of hiver impairment As the mam
festations of hypoglycerma are nonspecific and may be confused with other
causes of disordered behavior, the real nature of the hypoglycemic episodes
may not be recognized immedhately If the observer 1s aware of 1ts poten
tial occurrence n any crcumstance 1n which hver function 1s impaired,
though perhaps unobtrusvely this condition can be corrected easily and
rapidly by the admimstration of 50 cc of 50 per cent glucose mtraven
ously It 1s very important to recogmze and treat hypoglycema a» soon
as possible 1n order to prevent irreversthle cerebral damage It 15 wise fo
withdraw some blood for a sugar determination just before the mjection
of glucose

Harards in the Treatment of Congestive Heart Failure Tatrogenie
Electrolyte Imbalance With the development recently of important means
of exploring and mfluencing human 1ome equbbrum and with the ever
ncreasing employment of the principle of salt restriction 1atrogenic salt
depletion 1n 1ts various forms has become more evident and much more
frequent 1n the last fifteen or twenty years

In congestve failure the man therapeutic measures which contribute

to salt depletion are (1) the mechancal removal of large volumes of sa
contaimng fluds by thoracentests, paracentesis, Southey tubes, and con
tinuous gastric or mtestimal suction without parallel admmistration of
saline (2) stringent salt restriction (3) energetic mercurial durests 4
prolonged exchange resin therapy, (5) sudden rehef of severe unnary 1¢
tention, (6) prolonged use of ammonium chlonde and sumlar salts, and
(7) broad spectrum antibiotre therapy comphcated by diarrhea medt
camentosa

Salt depletion occurs more often when several of these factors are em
ployed simultaneously, and particularly 1n the pattent with congesh"i
failure who 1s bemng treated with dietary sodium restriction, mercuri
dwretics and ammonum chloride The use of exchange resms and diamo*
further complicates the situation The various syndromes produ are
described below a

The Low Salt Syndrome The low salt syndrome 1s charactenzed b}sc
decrease m plasma sodium and chloride concentration acdosis & dwef“s
1n urinary chlornides and an increase 1n blood urea The climeal mafc‘l‘ Ey
tations are weahkness drowsiness muscular cramps thirst unrebese
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water, anorexta nausea vormting decrease mn unnary output, and re
fractoriness to dwureties When salt depletion 1s severe, fluid retention wall
be enhanced Other clinical signs consist of restlessness mental confusion
a fall 1n blood pressure increased pulse rate and the full blown picture of
shock and coma

In mild cases this syndrome may be treated by giving salt orally exther
1n soups or 1n sugar coated tablets In more severe cases salt must be given
mtravenously usually in a five per cent solution Not more than 200 cc
should be admimstered at one time and should be given slownly A total of
400 ce should not be exceeded 1n a twenty four hour perniod

There are several methods to calculate how much sodum 1s required to
achieve the normal extracellular level It has been found that often only
one third or one half of a calculated dose 1s needed For this reason a cal
culated dose should be administered 1n divided portions and by frequent
estimations of the serum electrolytes One method of estimating the theo
retical amount required 1s based on the calculation that fifty three per cent
of body weight 1s total body water as 1 the following example

A man weighing 70 hilograms has about 37 kilograms of total body
water If his serum sodium 15 122 mEq Lter then his total deficit of
sodium 1s 142 munus 122 = 20 x 37 = 740 mEq As 1 Gm of sodium
chlonde contamns 171 mEq of sodium then 100 cc of five per cent salt
solution contains 171 x 5 = 855 mEq This patient will therefore require
740 davided by 85 5 x 100 = approx 860 cc of five per cent salt

Hypertonic salt f tly causes d ble side effects such as in
tolerable thirst and thrombophlebitis In a number of cases the energetic
use of five per cent salt has resulted 1n a downward course accompanted
by ncreasing edema

Hypochloremic Albalosis This condition 15 more common than the low
salt syndrome It 1s most often produced by mercunal diuresis due to the
Droportionately greater elmination of chlonide than of sodium Sodium
Temams at near normal levels while the serum chloride concentration de
creases It may be avoided lf m;ectmns of mercunals are spaced a few days
apart and if d concurrently Alkalosis
develops with an increased hlcarbonate level and urea retention A con
comuitant dechne in serum potassium often occurs Milder cases may be
given 3 to 6 Gm of ammonium chloride orally in solution or m gelatin
capsules When the condition 15 acute a one per cent solution of am
monum chlonde 1n five per cent glucose should be given slowly at not
more than 200 cc per hour and 1n a daly dose not exceeding 1000 to 1500
cc as only 10 to 15 Gm of hloride can be d d in the
normal liver by conversion to urea m twenty four hours Most cases of
congestive heart failure have some degree of liver mnsufficiency If am
monium chloride cannot be tolerated 20 ce of the ten per cent acid dilute
hydrochlonic acid may be mixed 1n 600 to 1000 cc of water and given
with meals 1n divided doses

Chromie Didution Hyponatrerna Chrome dilution hyponatrerma may
develop gradually 1n some patients with untreated congestive heart farlure
and 1n others receiving relatively conservative treatment As there 1s usu
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ally a hypernatremia and total increase 1n body sodum 1n congestive heart
farlure this condition imphies assomated renal tubular dysfunction The
patient should be fully digitalized and not given hypertonic sahne The
appearance of this syndrome at best implies a grave prognosis
Hyperchloremic Acidosts Hyperchloremic acidosis occurs most fre
quently 1n patients with impaired renal function Hyponatremia may co
exist as well as hypokalerma This syndrome usually occurs in patients
being treated energetically by the use of organmic mercurals and constant
chlonde ad ration It may also occur as a Tesult of the
predormmnant removal of cation by resins Intermttent use of the resins or
ammonium chloride with mercurial diurests will help to avoid this compl
cation
Hypokalemia Hypokalemia may result from the excretion of potassium
during mercurnal duresis when dietary sodium 1s restricted It may also
result from absorption of potassium by the resms and 1s only partly offset
by the use of pot: resins Pc depletion should be
avorded 1n congestive heart failure as 1t enhances digitahs tomaty Chm
cally the symptoms of hypohalerma are weakness, malase, tachycardia
shallow respiration stupor, the so called fish mouth” expression and
muscular paralysis The electrocardiogram may be helpful diagnostically
When available frequent determination of serum potassium lesels are in
dicated When hypokalemia 1s associated with hypochlorerme alkalosis,
potassum chloride 1s the drug of choice In acidotic states potassium
citrate or acetate are indicated The daily oral dose 1s 3 to 6 Gm which
must be regulated by determiations of serum potassium levels
Hypocalcemia Hypocalcemia may develop from the prolonged use of
both the sulfomic forms of the catiomic exchangers and the carbogylic
resins Because of the frequently associated hypohalemia and acdosis
climeal tetany rarely occurs
Bedrest The hazards of absolute bedrest have become more apparent
1 the last few decades The ngid restriction of patents to bed not only
will produce muscular weakness and psychological changes, but may also
favor the devel of th \s bol
Oxygen Although oxygen 1s very useful in the treatment of acute &2
gestive falure 1t b d when ad d continuously 10F
long periods The most serious complication 1s bronchial irntation leadng
mexorably to pulmonary edema and death This may occur 1n normal 11
dwiduals or 1n ammals when mixtures contaimng more than sty five p&;‘
cent oxygen are admimstered for more than twenty four hours 70 10 lt .
per cent oxygen should be given intermttently and for only six hours 2 5
time The 1nhalation of pure oxygen favors the development of ateleclﬂse
by washing out mitrogen from the pulmonary alveoli In cor 13“1““’",rhe
chromc anoma and severe carbon dioude retention are present of
sudden ntroduction of oxygen inhalation, where the mam stunulaho}:\m
respiration 1s the chemoreceptor drive may depress respiration to suc on
extent that carbon dioxide retention 15 markedly increased AS the teps )
of CO nses 1n the blood 1ts narcotic action produces drowsiness cont
sional psychoses, coma and death
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Xanthines Xanthines not only induce diuresis but cause central nerv
ous system stimulation bronchodilatation and the relaxation of smooth
muscle anywhere 1n the body The two dangers of aminophylline therapy
are 1ts myocardial stimulating properties m a patient whose myocardium
15 severely damaged and the collapse or even death from peripheral vaso
dilatation that may occur during rapid injection

Ammonium Chioride Although the action of ammonium chloride as a
diretic 13 most helpful in enhancing mercurtal diuresis and in the pre
vention of excessively low blood chlonde levels 1t may be very dangerous
1 patients with impatred renal function A significant nise of blood urea
level may occur Although this 1s not established as necessanly harmful
the adminwstration of a large dose such as 15 Gm a day to patients with
normal renal function or smaller amounts to patients with renal mnsuffi
aency will lead to the accumulation n the blood of ammoma 1n concentra
tions toxic to brain tissue Psychoses and coma may appear In addition
the acidosis duced by hloride ingestion may depress car
bohydrate utihzation This may complicate the management of patients
with diabetes

Organle Mercurials Mercunial dwretics may easily produce hypo
chloremia and the low salt syndrome Muscle cramps, confuston stupor
or a shochlike state may occur in patients on restnicted sodium diets In
addition a sigmificant amount of other cations such as potasstum and cal
cium may be catned oﬂ during mercunal diuresis Potasstum loss induces

or 1on  Mercunal poisomung can occur n
those patients gnen mercury orally Excessive 1njections can cause renal
tubular damage Int ration may cause sudden death

Finally, severe allergic reactions can occur

Dietary Restrictlon The increasing use of very low salt diets makes 1t
mperative to avoid nutntional deficiencies particularly in protens and
the vitamin B complex Use of the Karell diet imposes additional defi
ciencies of calortes 1ron and vitammns A C and thiamin Patients who re
quire frequent mercunal dresis should not be allowed to restrict their
salt intake excessively Such restriction 1s best reserved for those who can
be kept free of edema without mercurals

lon Exchange Resins Although the use of 10n exchange resins 1s not

d d 3t should be L d that these agents can produce chrome
potassium and calcium depletion The chuef hazard 1s sodium depletion
Gastromntestinal upset and acidosis may be caused by the ammonium
chloride contained 1n some resins

Morphine Although morphine 1s stnikingly beneficial n acute conges
tive farlure particularly pulmonary edema 1t may cause untoward effects
n some patients The most serious effect 1s depression of respiration par
ticularly 1n cor pulmonale Other effects are constipation vomuiting cuta
neous itching impairment of bladder function 1n prostatism and hypoten
sion m elderly patients Hy ] duced by marked peripheral
vasodilatation It may well preciprtate collapse 1n severely 11l patients who
are maintained 1n the upnght position
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Digltalls Complications from digitalis therapy are becoming increas
ngly frequent This 1s due to rapid digitalization with the punfied glyco
sides hypohalerma from the energetic use of diuretics, and lack of recog
mton of some of the more unusual forms of digitalis intoucation The
physician should be aware of toxic mamfestations such as diarrhea wisual
disturbances Stohes Adams attacks the sudden appearance of nodal
tachycardia 1in a patient with aurnicular fibnllation and a change from
normal sinus rhythm to auncular fibnllation and atmal tachycardia Fi
nally 1t should be remembered that <ome patients can gradually become
dedigitahized and may develop symptoms of congestive failure Redigitah
zation should be attempted cautiously before other preparations or ther
apy 15 nstituted

Phlebotomy The production of phlebotomy either by withdrawal of
blood or by decreasing the venous return from the limbs by means of
tourmquets helps to relieve pulmonary congestion and edema The bene
ficial results are often outweighed by the del effects Phlet y
may increase a pre existing anema the use of tourmquets may preciprtate
shock and also fever from imparred heat dispersal Respiratory actinty
may suddenly be increased shortly after tourniquets are released by the
troduction into the circulation of large amounts of lactic acid and car
bon dioude accumulated dunng the period of stasis The discomfort of
tourniquets may cause anxiety and restlessness Finally 1if tourmquets are
left on too long 1schemnta and gangrene may ensue

SUMMARY

‘The management of congestive heart failure requires accurate diagnosis
adequate but not too energetic treatment and the prevention and removal
of conditions which complicate the existing heart failure

As congestive heart failure 1s primanly due to myocardial disease and
secondanly due to the retention of salt and water in the tissues the prime
requisite 1n the management of this condition 1s restoration of cardiac
function to as near normal as possible In the muilder forms of congestive
failure restriction of actiities and slow digitalization will accomplish this
goal In the moderate forms of congestive failure restricted actiaity with
out absolute bedrest d hzation and ying mercunal diuresis
will soon restore the patient to normal activities In acute congestive fail
ure accompamed by pulmonary edema heroic measures may be necessary
These include the judicious use of morphme and oxygen When a fast ven
tricular rate due to aurrcular fibnllation 1s present the use of a quckh
aching cardiac glycoside may be Lifesaving

In the long term management of patients with congestive heart failure
adequate d lization must be achieved and m. d If this 15 not

£ to prevent lation of flind there are two alternatives The
first 1s the use of intermuttent orgamc mercunal diuretics accompamed by
short courses of ammomum chlende The second 1s the use of a moderately
restricted sodium chlonde intake with diets contaiming 400 to 500 mg of
sodium per day The use of both mercurials and a low salt diet concom
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tantly 1s nisky It 15 imperative to guard against electrolyte depletion by
mtermittent estimations of the plasma levels of sodum, potassium chlo
nide, and bicarbonate The long term use of anticoagulants may prevent
thromboembolism In about fifty per cent of cases with ntractable and
severe congestive failure, the production of hypothyroidism will produce
beneficial results

1t 18 important to search for and remove any primary disorder that may
cause congestive fatlure such as a surgically remedable conchtion hyper
thyroidism, and tl defi Nutritional defi and
unnary disorders should be corrected

The physician must be aware of the dangers and touic mamfestations
associated with the powerful drugs available for the treatment of conges
tive heart failure Such drugs include morphine, oxygen, digitalis, orgame
mercunals, xanthines, resins, ammonium chlonde, and anticoagulants

Finally the physician must be willing to accept responsibnlity for the
adjustment of the patient to his environment A balance must be struch
between overoptimism and overzealous restriction of the patient’s actvi
ties The patient with congestive heart failure now may live many years,
and 1t 15 the duty of the physician to see that these years are productive
and happy ones
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Dagitalis

Introduction Dimtahs has been employed as a therapeutic agent for
centuries but i1t was not until 1785 that its value in dropsy’ was
first recorded by Withenng Its true place as a therapeutic agent in
congestive heart faillure and certamn cardiac arrhythmas has only been
established 1n the last sixty years The intent of this chapter 15 to empha
size the basic principles underlying the climical use of the digitals and
dlgxtahs like ﬂgents To do so the historical background, chemistry, and

h, 1 action of the glycosides are presented as a
bac]\ground to their cinical usefulness and potential toxiaity

Historical Background v The cardiac glycosides contained m a large
number of plants have been used by primutive people for centuries for
kilhng game with poisoned arrows and by ingestion for trbal ordeals
Below are listed chronologically some of the mmportant milestones in the
medical aspects of these glycosides

Ca 1500B C Squll was mentioned as a medicmne in the Ebers Papyrus

300 BC -476 AD The Romans employed squll as a dwretic heart tomc
emetic and rat poison.

1250 AD Digitabs (foxglove) was mentioned in the wntings of
Welsh physicians and was used internally or locally for
a number of unrelated diseases ranging from epilepsy to

skuin ulcers

1242 Digitalis purpurea was described by Fuchsius the word
digitalis deriving from the resemblance of the flower to a
human dig:t

1775-1785 The English physician and botamst Wilhlam Withering

recogmzed that digitalis was the active agent 1n a remedy
consisting of twenty or more different herbs After a ten
year tnal he published his famous account which set
forth excellent rules for digitahs admmstration that went
for the most part unheeded for over a century

1799 John Fernar seems to have been the first to realize that
the pnmary action of digitalis was upon the heart the
duuretic effect a secondary one

1890 Sir Thomas Fraser discovered the digitalis ike action of
strophanthus whale studying African arrow poisons
1911 Sir James Mack felt that the 1 th

effect of digitalis was the slowing of the ventricular rate
327
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ment i the steroid ring system, and the absolute necessity of an unsatu
rated butyro lactone ring at C 17

Semusynthetic derivatives have been made by reaction of aglycones with
various substances As yet such compounds have not been made in sufficient
quantity for climcal use An exception 1s acetylstrophanthidin which 15
prepared by estenification with acetic acid via OH at C 3 It differs from
strophanthus glycosides 1n being farly well absorbed orally It has been
recommended 2s & tool to measure ¢l lly the t of * digitalization ”

Distribution and Fate of Digitalis 125 A good deal of factual knowledge
concerning the distnibution and fate of the cardiac glycosides in the human
body has been accumulated from the three methods presently employed
These consist of (1) observatxon of the subjective and objective effects of

10NS 10 ¢ ts (2) observation of randomly

labelled d|gntoxm obtained by the biosynthetic method of growing digitalis
plants 1n an atmosphere contaming Ct4, and (3) bioassay of varous fluds
and tissues by the very sensitive embryonic duck heart method
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Absorption 12 Oral and rectal absorptmn of d|g|talls whole leaf and the

punfied glycosides 1s and d by te to severe 1n
testinal disease On the other hund strophanthus and squill are absorbed
poorly and erratically Sub and 1nt lar absorption 1s

somewhat erratic, usually painful, and may produce stenle abscesses Intra
venous absorption 1s umform and effective for all of the punfied glycosides

A companison of the oral and intravenous dose of a cardiac glycoside
preparation that must be given to achieve similar effects in patients suf
fering from combined atnal fibnllation and congestive failure reveal the
following

Oral Effect
o absorption = TV Effect X 100

Glycosides of squill (five to ten per cent) lanatoside C (ten per cent)
digitalis powder and tincture digilarud and digifolin (twenty per cent)
digoxin (twenty to fifty per cent) and dintoxin (100 per cent) Gastro
mntestinal absorption of the effective dose 15 usually complete for all the
above mentioned drugs within two hours

Distribution 12 Once in the blood stream there 1s a vanable time lag be-
fore full eardiac effect 1s achieved This seems to depend upon the binding
by serum albumen This binding effect does not seem to alter quahitatively
the cardiac action By the bioassay method digitoxin disappears from the
blood fairly rapidly fifty per cent within a few minutes eighty five per
cent after two hours while lanatoside C can no longer be detected in the
serum at the end of thirty minutes Very little of the active principles get
nto extracellular flrd and the recorded diptoxin content of edema fluid
has never exceeded 0 2 mg per hter Therefore mobilization of edema fluid
does not mobilize digitahis enough to be of any clmcal sigmificance  The

toxic festation tant with massive mobihzation and diuresis of
extracellular fluid are p bly due to glecirolyte distrnibution
Recent e al work would mnd that digitoun 1s not concen

trated specxﬁcally 1n cardiac muscle that 1t can be easily washed out of
the heart and that 1t 1s found m the soluble supernatant intracellular
parts of cells but not 1n the nuclear and mitochondnal portions The
ference 1s that the action 1s at the cell membrane rather than due to specific
intracellular changes Some recent studies suggest that the glycosides may
have a speaific effect upon the actomysin threads of cardiac muscle
Elimination and Destruction 1 The actual fate of the cardiac glycosides
1s unknown What the metabolic degradation products are and whether
they have httle or fi biol 1 activity to be solved
About all that can be said at present, 1s that the Liver appears to be m
volved in the degradation of that fraction of the active glycoside not
excreted At present the radioisotope studies and the bioassay techmic
gve conflicting pictures of the excretion of the dimitahis glycosides Bio
logical assay would indicate at least for digitoxim that there 1s a prolonged
excretion (two to four weeks) of about one half of the active agent while
the radioisotope technic shows that within one hour seventy four per cent
of the labelled digitox:n 13 already 1n the molecules of degradation prod
ucts Summing up not more than 0 05 mg of digitoxin per day 1s rendered
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neffective, but a good deal of the persistent effectiveness may well reside
1n unknown degradation products
Act of Digitalis Fund I Act 5 The fund tal action of
digitalis 1s 1ts ability to increase the force and speed of myocardial con
traction Since Vulpian first noted this effect upon the frogs heart
1855 many 1nvestigators, including Cushny mn 1897, have contributed to
the literature on this subject More recently, to mention a few speafic
vestigators, Cattell and Gold (1938), Kabat and Visscher (1939) and
‘Wedd and Blair (1948) have shown conclusively that digitals acts durectly
on heart muscle to increase the force of systohic contraction independently
of other cardiac or extracardiac factors In addition the ventncle empties
more completely and the relative length of time m each cardiac cycle
occupied by systole 1s shortened These changes make for better diastohc
fillmg and a potential increase of coronary flow of thirty per cent Just
how this increased force of systolic contraction 1s obtained and why after
digitalis the heart seems able to do a gven amount of work with less con
sumption of oxygen (Gremels, 1933, Peters and Visscher, 1936) 15 un
known at present
The second most important effect of digitalis upon the heart 1 man 18
1ts action upon the rate and conduction of mpulses through the heart At
Ppresent 11 1s felt that receptors 1n the heart and elsewhere are “sensitized
by digmtals resulting 1n an mcreased vagal tone with a relative decrease 10
sympathomimetic tone In early digitalization this effect 15 mediated
through the vagus and can be blocked by atropine, exercise or cooling of
the vagal nerves In full dipitahzation as will be explaned later, these
actions are presumably mediated through the direct effect of digitalis upon
the conduction system 1n the heart and cannot be blocked to any great
extent by the agents just mentioned From the foregoing discussion oné
would feel that digitalis actually can improve the normal heart and exert
a sigmficant effect upon the heart rate and conduction of the speaahized
neuromuscular system of the normal heart That this 1s far from true can
be easily explamed The human heart under normal conditions 1 operab
ing at maximum efficiency If we consider the left ventrncle as the primary
pump and the nght ventncle as an outpouchmg that m most mnstances 15
passwvely followmng the action of the left ventricle and 1f we consider the
left ventricle to operate as a symmetrical sphere, 1t can be easily deduced
on theoretical premses that the heart operates mechanically within the
correct boundares for optimal efficiency m contraction and relaxation In
the normal heart any increased force of contraction and ncreased empty
1ng produced by digitalis brings the heart 1nto a relatiely mnefficient T2nE¢
and actually prevents optimum filling under conditions of stress On the
other hand, 1n the heart m congestive falure which 15 dilated beyond the
normal range and 1n which the actual stroke volume 1s small and the )%
tolic contraction relatively feeble digitalis by its unique action returns the
heart to within normal hmuts for systolic and diastolic areas
The effect of the admmstration of digitalis to the normal pe!
as the vagus and mtnnsic conduction system of the heart 1s concerne
produces hittle action upon the pacemaker (SA node) or the special?
conduction tissue within the therapeutic dosage range On the other han!

rson as far
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if the heart 15 1n congestive failure there 15 a reflex slowing of the pace

maker brought about by the improved strohe volume general circulation

and tissue oxygenation In the cardiac arrhythmas in which digitalis 1s of
help, effects of httle importance for the normal heart become much more
apparent To cite one example the effect of digitalis on the conduction of
the A V node in the normal heart 1s mmsigmficant while in the heart 1n atral
fibrillation where conduction through the A V node 15 of the utmost 1m

portance the effect 1s exaggerated as the ventncular rate 1s markedly
slowed out of all proportion to the expected effect Of course other factors
are important, such as the relief of congestive failure which i turn would
tend to slow the ventncular rate The wniter feels that dizitahs must also
have some unique action upon cardiac muscle that prevents excessive ven

tneular filling 1n the failing heart and subnormal filhing in the normal
heart If such a concept could be proven 1t would be most helpful Unfor

tunately there 1s no experimental evidence to bach up this theory At pres

ent the evidence 1s 1n the other direction!

Collateral Circulatory Effects  As outhned in the historical background
of dipitalis, observers have thought for many years that most of the
changes 1n congestive heart failure could be explamed by actions occurnng
outside of the heart The most recent claims which have been adequately
refuted by more detailed mvestigations were that the pnmary action of
diptalis was to lower venamotor tone and pressure The action of digitalis
was Iikened to an acute phlebotomy and supporting evidence was produced
expenmentally indicating that a certain amount of blood could be trapped
upon the administration of digitalis in the dog s liver and splanchmc area
In careful studies such as those of Harvey Richards Ferrer and Cour
nand, and thewr respective coworkers 1t has been demonstrated conclu
sively 1n combined left and nght ventricular failure that the mncreased
cardiac output due to stimulation of the myocardium occurs before any
measurable changes 1n central venous pressure and that there 1s no relation
between the magmtude of fall in venous pressure and the degree of increase
1n cardiac output Simlar studies n patients with 1solated left ventricular
decompensation showed that with d tion there 1s a fi m
crease 1 stroke volume and cardiac output accompamed by a decrease in
pulmonary arterial pressure 'These changes are achieved without alterations
1n night ventricle end diastolic pressure and could not be ascribed to the
action of the drug on systermc venous pressure (Harvey 1949)

As to the effect of digitahs on the vascular flow 1n the speciahized beds
of the various organ sy there 1s no indication that digxtalis has any
direct effect Any mcrease or decrease mn flow through cerebral renal or
other special vascular beds may be considered at least for the present to be
secondary to systermc changes produced by the direct effect upon the myo
cardium

Effects on Special Systems and Organs For a long time 1t was felt that
digitalis had a direct diuretic effect upon the kudneys However digitahs
15 not an effective diuretic m the absence of congestive heart failure with
the possible exception of diac edema states associated with the
presence of excessive circulating adrenal corticosteroids Increased renal
venous pressure (usually found 1n congestive heart failure) decreases so
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dium excretion and unne outflow The improved crrculation induced by
digitalis may lower the obnormally high renal venous pressure and thereby
enhance dwwresis Summing up, 1t may be stated that the increased diuresis
following the admimstration of digitalis in congestive heart farlure 15 sec
ondary to the improvement of the action of the failing heart, but that
there 1s some indication that a shight but sigmficant effect on diuresis does
occur 1 the normal individual perhaps by competing with some desoxy
corticosterone like hormones 1n the renal tubular mass Other umimportant
actions are the production occasionally of slight gynocomastia presumably
due to the close chemical relationship to the sex hormones The production
of gastromtestinal symptoms by the whole leaf preparations are 1n part
due to direct 1rritation of gastric mucosa In tovic doses the effect 1s central
m origin Finally but very rarely allergic phenomena may arnse all o which
are described later under the heading of digitalis toxicity
Relation to Cations ° Although 1t has been known for many years from
ammal experiments that there was some relationship between digitalis
effect and concentration of vanous cations 1t has only been recently that
renewed interest and climcal imvestigations have occurred because of the
availability of new techmcs such as the flame photometer The three
important cations mvolved are sodsum, potassium, and calaum At present
there 15 no clearcut evidence that an excess or deficiency of sodium within
the clmcal range sigmficantly affects the actions of digitahis upon the
heart However 1t does so indirectly For instance 1t 15 well documented
that 1n congestive heart failure the body tends to store <odium excessively
If sodium 1s severely restricted 1 a patient’s diet, sigmficant diuresis may
occur Conversely, the combined use of a severely restricted sodium mtake
and mercunials may result mn the “low salt syndrome’ wath all the subje
tive objective and ct 1 findings hsted elsewhere Such a clinical state
impairs renal function and thereby the dretc effect of digitalis It has
been known for years that caleium has a synergistic action with toxic doses
of digitalis both having a propensity to produce an excessive amount and
duration of muscle contraction Although most texts and arficles con
cerming the clinical use of digitalis quote one report on several sudden
fatalities resulting from the intravenous admmstration of calcmum 0
digitalized patients 1t has been the reviewer’s impression that such 2 nsh
15 more theoretical than actual Of course 1t would be foolish to admn
ister caloum to a patient already showmg toxic symptoms or sIEnS of
digitalis poisoning The cation that has been stucied most recently
potassium Although the serum concentration of potassium may be altered
very Iittle 1n congestive failure, the total body content in 1ts intraceftular
and/or extracellular distribution may be marhedly disturbed Some PO
tassium defieit of the cardiac muscle not necessanly associated with & Tow
serum level commonly occurs 1n congestive heart failure This deficit m3Y
be p ded by anoxia, acidosis, A te nutntion and many ther?
peutic procedures such as dietary restnictions, mercural dwretics, am
monium chlonde resins and the use of carbonic anhydrase whbitors
Finally d renal f diabetes, and the well known effect ©
cortisone 1n enhancing potassium excretion may ncrease such a deﬁmem'%;
Although high levels of serum potassium have profound deletertous effect
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upon the heart 1t 1s not known whether they have any influence upon the
therapeutic action of digitalis However 1t has been well documented that
a low serum potassium will increase the toxicity of a gven amount of
digitalis whether the impairment 1s induced as mentioned above or with
drawn as by hemodialysis Digitalis toxicity may be abolished temporanly
n man as in Is by the ad ration of even when the
blood level 1s within normal range It should be mentioned that potassium
10n loss by heart muscle occurs with digitahization the loss apparently
proportionate to the degree of digitahization

Quantitative Differences in Digitalis Prepuruﬂans The quantitative
differences between the various p 1ons of d ployed 1n the
treatment of congestive heart !mlure depend upon ther rate and degree of
absorption from the gastromntestinal tract the umiformity in composition
or potency of any one preparation, how much the preparation 1s bound to
the plasma and the rate of decay and elimmation of the particular agent
In Fig 2 may be seen a chart illustrating what an average stngle dose of
representative fast and slow acting glycosides will do The curves illustrate
the marked vanation 1 the time for full effect to be reached and the
vaniability of decline not only among the different preparations but also
for the same one It should be mentioned 1n passing that the qualitative
biological effects of the cardioactive glycosides are almost 1dentical How
ever there still 1s some controversy on this subject Some European
observers feel that strophanthus and its derivatives exert a relatively
greater mfluence upon the myocardium than upon the Purhinje system
The sudden and sustained populanty of digitoxin around 1940 due to the
enthustasm of Gold and his associates finally provoked an interesting and
provocative editorial (Ann Int Med Apnl 1954) The editonal pomnted
out that the very advantages claimed for digitoxin such as the lack of
gastromtestinal upset has been one of the most serious drawbacks to its
chmeal use The reason 1s that there may be hittle warning of the onset of
such toxic conditions as a sertous arrhythmua or a drug induced congestive
heart farlure Although much of the toxiaity observed in the last fifteen
years has resulted from musgwmded and ngid therapeutic schedules 1t 1s
easier to slip unnoticed 1nto touaity with a punfied glycoside such as dig
toxin than with the whole leaf preparation in which & 1s the main
therapeutic agent Batterman and his associates have claimed that gitalin
has a greater margin of safety than other agents Similar claims have been
made 1n the past for other preparations and at present there 1s no proof
posttive that any one agent 1s defimtely superior to any other under 1deal
Supervision

and Contrai for Administration Con
gestive Heart Fallure and Potential Heart Fallure ‘'The most important
use of digitalts 1s 1n congestive heart fallure By defimition congeshve heart
failure means impairment of the my d with a

1n the mechanical efficiency of the heart resulting in 1mpending or overt
signs descnbed below In isolated left ventricular failure dyspnea
orthopnea and signs of pulmonary congestion develop With combmed
left and nght ventncular fallure there 1s a marked weight gan the ap
Pearance of peripheral edema to a greater or lesser extent and a congested
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painful hiver 1in addition to the pulmonary findings In 1solated nght ven
tricular faillure the pulmonary signs and symptoms are absent Often
there 1s an 1nsensible collection of extracellular flurd before these symptoms
and signs of failure appear In a suspected or known case of congestive
heart failure, this can be most easily recognized by frequently werghng
the patient A weight gan of 227 to 272 kg (5 to 6 pounds) may occur
before the overt signs appear When congestive failure 1s not secondary to
mmtial myocardial damage in condrtions such as cardiac tamponade, digt
talis 1s not only useless but can be harmful

The effectiveness of digitalis wall vary depending upon how much of the
failure 1s due to direct myocard:al disease, valvular obstruction, and whether
the myocardial damage 1s an acute inflammatory or degenerative one
However, digitalis may always be tried if the heart 1s enlarged and con
gestive phenomena are present Simlarly where overt signs and symp
toms are not present mn sufficient number or degree to make a positive
diagnosis a careful inal of digitalis 1s mndicated In most mstances when
there 15 no symptomatic improvement or sign of weight loss after adequate
dipitahzation, the drug should be discontinued Opmon does differ
concerning the value of giving digitalis to a patient with an enlarged heart
but 1n whom failure has never appeared Such ¢ prophylactic digitalhization’
recommended by Christian 1n the 1930 s has never been fully accepted

Cardiac Arrhythmias 1 Sinus Tachycardia and Bradycardia Digitahs
15 never indicated m erther of these two conditions unless there 1s defimte
danger or accompanying signs of the development of congestive heart fail
ure secondary to a persistent tachycardia

2 Paroxysmal Atrial (Auricular) Tachycardia This arrhythma unhhe
simple smus tachycardia has an abrupt onset and abrupt cessation It
often induced by sudden emotional stress and may be stopped by sunple
procedures that stimulate the vagal reflexes Such measures mnclude carotid
sinus massage and pamnful strmuli If the attack 1s prolonged and 1if signs
of heart failure are developing digitalis 1s the drug of choice Digitalts
may be gven 1n ntrasenous form to sensitize the afferent receptors that
ncrease vagal tone ” Within a half hour of mnjecting a cardiac glycoside
such as lanatoside C (0 4 to 0 8 mg ) the rhythm may revert spcntaneously
to normal or carotid sinus massage may become effectrve Other measures
are available such as the use of parasympathomimetic drugs or drugs that
induce simlar vagal reflex by their baroreceptor effect induced by the ele
vation of artenal blood pressure However such drugs may be contrandt
cated There 15 the potential danger of inducng cardiac standstill ven
tricular fibrillation and death by the use of parasympathomimetic drugs
The ntroduction of hypertension by sympathormetic drugs may over
whelm a diseased heart Carotid sinus massage 1s not an mnocuous proce
dure 1n elderly people as 1t may cause syncope or convulsions I has
been known to p bral vascular thromt 1n rare mstances

8 Ectopic Atrial or Ventricular Systoles Digatalis per se will not abolish
ectopic atnal or ventricular systoles However impending congestive fal
ure, particularly in rheumatic valvular disease may be heralded by ;
onset of ectopic atnal beats In such mstances digitahzaton may abolis
the aberrant focus by improving the nutrition and oxygenation of the
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atrium and by ret the d atnal caused by the failing
left ventricle Theoretically the same may hold true for ectopic ventricular
beats but 1n actual practice digitahss 1s rarcly indicated In fact ectopie
ventnicular beats in an otherwise normal heart usually can be abolished by
exercise or by eliminating stimulants such as tobacco and coffee It should
be remembered that the appearance of ectopic ventnicular beats during
diptahs admimstration ave often the first signs of mtoxication
4 Atnal Flutter + Atnal flutter 15 a disorder of atnal activity charac
tenized by rapid regular abnormal contrachons ranging from 220 to 400
per minute mtiated by an ectopic pacemaker Very rarely can the AV
node conduct all such impulses The usual arrhythmia consists of an
auncular rate of around 300 per minute followed by a ventricular response
of 150 per minute (2 1 block) Unless the heart 15 essentially normal and
there are no signs or symptoms of mmpending or actual congestive heart
tailure digrtalss 1s the drug of chorce If dxrect conversion of the abnormal
thythm to a normal sinus rhythm 1s attempted with d
of events occurs which 15 potentially dangerous to the diseaced heart
Quinidine will slow the ectoptc pacemaker and at the same time 1mprove
conduction through the A V node Before the ectopic focus 1s abolished
al 1 response may occur at rates around 180 to 220 This sudden accelera
tion of ventricular rate has occastonally cauced acute cardiac failure and
sudden death The routine use of digitalis will prevent this Digitahs will
mpair A V node conduction and the ventnicular rate will slow as the 2 1
block increases varably to 3 1and 4 1 Finally the arrhythmra changes to
auncular fibrllation with a ventricular rate well below 100 which 15 not
influenced mgmificantly by exercise or atropine
In most mnstances a conversion from atnal flutter to atnal fibnllation
oceurs 1n the therapeutic range of digitahis dosage As <oon as 1t occurs
the dxgxtahs dosage can be dropped to a maintenance one At this pomnt
if dine may be adi tered with full assurance that the
ventricular rate will not nse significantly as the A V conduction 1s 1m
paired by both a reflex vagal and direct effect upon the A V node Occa
swonally 1t will be found that the admmustration of disitalis will cause a
direct conversion to normal thythm It can be assumed that mn this event
atnal flutter was induced by dilatation of the atna anoxa and imparred
arculation IDigitalis relieved this condition by improving the strohe
efficiency restoring normal circulation and thereby elmunatmg the ectopic
atnal pacemaker There 1s no good evid that d 1 tion
prior to attempted converston to normal rhythm by quinidine will lessen
the chances of success
5 Atral Fibrillation * Briefly atnal (auncular) fibnllation 1s a cardiac
arthythmia 1n which the rate of the ectopic atnal pacemaker(s) exceeds
the ability of the atnal muscle fo follow 1n an orderly fashion Electrically
and physically the atrial muscle responds 1n a chaotte disorgamzed fashion
as manifested both by the f’ waves which replace the P wave in the
ECG and by the bag of worms’ recorded by high speed motion pictures
dunng direct visualization at surgery or experimentally The f waves beat
uregularly against the A V node As a result the 1rregular irregular’
ventricular response vanes between 140 to 180 beats per minute 1n the
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absence of any impairment of A V node conduction In the presence of
pre existing impairment of A V node conduction the ventrcular rate may
be much slower (60 to 140 beats per minute)

The principles for the use of digitahs in atnial fibnllation are essentially the
same as those for atnal flutter In an othermse normal heart paroxysmal
atnal fibnllation can be treated by quumdine without prior digitahzation
‘Where there 1s a hastory and/or physical findings suggestive of organic heart
disease, digitalization should be accomphished before any attempted conver
sion to normal sinus thythm The conversion of atnal fibrillation to normal
sinus rhythm by qumdine can be shown to go through an mtermediate
stage of atmal flutter m most instances 1f continuous ECG tracings are
taken Therefore the same dangers are present for the diseased heart as
described 1n the previous paragraph for atnal flutter (QV) Digitals
tends to perpetuate the atrial fibnllation and at the same time slow the
ventricular rate by 1ts vagal and direct action upon the A V node Full
digitalization 1s not accomplished until a sigmficant direct effect upon the
A V node 1s indicated by the poor response of the ventnicle to moderate
exercise ot atropimzation The usual clinical picture 1s 2 completely irreg
ular ventricular rate between 140 and 170 per munute with occasional
ectopic ventricular beats which are due to the poor circulation and anoua
These ectopic ventricular beats are not a contramdication to digitalis ther
apy As the ventricular rate 15 slowed they will tend to disappear

The ventncular response to digitahzation 1s much more stnhing when
congestine heart failure accompames the arrhythma because of the com
bined effects of digitalis upon the A V node and upon the failing left ven
tricle  In rare instances digitalization wall directly convert the atnal dis
order to normal thythm presumably for the same reason gien for atnal
flutter Hyperthyrordism should always be considered as an etiologeal
factor 1n the production of atral fibnllation, although the madence 18
probably less than five per cent There are two reasons for this (1) EX
perimental work has shown that digitalis may cause myocardial damage
when ad d to drug induced hyperthyroid ammals In actual prac
tice this theoretical possibiity may be 1gnored (2) Control of the ven
tricular rate 1n the presence of hyperthyroidism by digitalis 1s less efficient

6 Partial and Complete Heart Block In first degree heart block where
the P R nterval 15 lengthened as an indication of impaired conductton by
the A V node or 1n second degree heart block where there 1s A V conduc
tion block with occasional dropped ventricular beats digitals 15 not mdt
cated Rather an attempt should be made to improve conduction of the
A-V node by the use of sympathomimetic agents to decrea<e any vagal
component However, 1n a supraventnicular rhythm varying with thrd
degree heart block, (complete dissociation between the atna and the
ventricles) dimtalis may be the drug of choice when other drugs have
failed to reconvert and mamntain sinus thythm The mam reason for this
1s occurrence n one form of the Stokes Adams syndrome mn which penods

of sometimes 1 by convul may occur
cause of an asystolic penod duning the transition to an 1dlowentncull;“'
thythm Digitahzation may cause and mamtain complete heart block i
sts hnown paralyzing effect upon the A V node and thereby prevent 81
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There 1s a chinical impression that digitalis should

not be used 1n the presence of complete heart block The stated reason 13
that administration of digitahis may slow the heart rate further causing
more arculatory failure In actual practice if latent or overt congestive
heart failure 1s present digitalis should be used as outlined previously for
congestive heart failure and potential farlure

7 Ventricular Tachycardia Parovysmal ventncular tachy cardia 1s rarely
an indication for digitalis In fact the presence of such an arrhythma
suggests the possibility of digitahs touicity Other measures should be ener
getically employed before digitalis 1s considered For the sake of complete
ness 1t should be mentioned that in a few instances digitalis has been
reported efiéctive after all other forms of therapy were exhausted Pre
sumably the admimstration of digitalis relieved congestive heart failure
and thereby abolished the ectopic ventricular pacemaker Such nstances
are rare and other accepted measures should be tned first

7a Corenary Insufiiclency ond Myocardial Infarction In coronary
sufficiency (angina pectons) wathout congestive heart farlure digitalis sel
dom proves of benefit Occasionally the admimstration of digitabs to
patients with an advanced degree of coronary atherosclerosis may increase
the symptoms In the average case 1t 1s unhhely that digitalis wall change
the symptoms as the effects upon coronary arculation and cardiac work
are insignificant  When congestive heart failure 1s present digitahis admin
1stration 1s indicated but should be given with caution as such patients
presumably are particularly susceptible to ventncular fibnillation Occa
sionally not only the dyspnea but also the pain may be relieved In acute
coronary occl d by my dial infarction digitalis 1s not
mdicated unless the indications noted previously are present such as
auricular fibrllation and congestive failure In these cases digitalis should
be admmistered with extreme caution and constant superviston Theoreti
cally the d force of my dial contraction the more complete
ventricular emptying and the increased veloaty of blood airculation might
induce embolic phenomena ansing from tk } 1n the heart chamb
or peripheral vessels The use of anticoagulants should reduce this poten
tal hazard

7b Conditions Not Primarily of Cordiac Origin (1) Anema and Poly
cythemia Digitahs 1s of no value 10 these conditions If indications of
congestive heart failure persist after the primary disorder 1s treated ade
quately digttalis should be trned

(2) Hypo and Hyperthyroidism In hypothyroidism or myzedema con
gestive phenomena may occur The dilated heart noted on physical and
x ray examimnation has been shown to be due to a pencardial effusion
rather than an actual dilatation of the heart chambers Dhigitalis 1s not
indicated m this condition Some form of thyroid should be given In
hyperthyroidism agents that will lower the basal metabolic rate are ind:
cated Digitalis may be used if atnal fibnillation and congestive heart
falure are present with the note that the hyperthyroid heart 15 more
susceptible to diqitalis toxieity than the normal one

(3) Nutnitional Deficencies In benber of advanced degree with exten

sive edema cardiac enlargement and lysp the
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admmstration of vitarmn B; i large doses causes the disppearance of
the abnormal clinscal features In actual practice latent thiamm and other
B complex deficiencies may occur in patients with prolonged heart falure
due to a paor dietary intake In consequence adequate vitammn admims
tration using the whole B complex as well as thiamin 1s indicated In these
nutritional disorders with congestive farlure the heart 1s probably func
toning reasonably well and 1n actualty there 15 a high cardiac output
Digrtalis 15 of no benefit as the fault 1s basteally a blochade  carbohy drate
utilization with byruvate accumulation

(4) Nephnitis Acute glomerulonephritis or the nephrotic syndrome may
produce a condition sometimes hard to distingwmsh from congestive heart
fallure  Unless 1t can be proven that cardmac failure 1s also a*factor 1 the
production of the edema, digitalss 15 contraindicated

(5) Pulmonary Disease In advanced pulmonary disease whether pu
martly of the lungs or of the pulmonary blood vessels nght sided heart
farlure may occur (cor bulmonale) eventually accompanied by congestive
phenomena Although the results are not as strking i this type of falure
as 10 exther acute left sided or combined left and night sided failure digt
talis should be tned The results are vanable If digntalization produces
1o change or if the symptoms and signs of failure merease or are not
changed by diptahzation the drug should be discontinued Other meas
“‘;S 5(;10}1 as phlebotomy, bronchodiators and antibiotics should be con
stdere

(6) Pregnancy Pregnancy places a temporary load upon both the
normal and abnormal heart There 15 absolutely no mdication for the use
of dintalts 1 a patient with a normal heart who has been adequately
observed from the first tnmester False s1gns of congestive fatture n the
last tnmester are due to the mcreased blood volume pressure of the near
term baby upon the pelvic vessels and upward displacement of the dia
phragm  On the other hand bregnancy in a woman with chromec heart
drsease requires carefel evaluation throughout the pregnancy As pregnant
women with orgamc heart disease have a death rate twice that of pregnant
women without heart trouble, everything should be done to lessen this
heavy toll The same rules apply m pregnancy for the use of digitalis as
1n congestive hieart fature and the arthythmias  Prophylactic digitahiza
tion prior to delivery may well be indicated n the most severe cases The
subject 15 adequately covered elsewhere i this volume

ADMINISTRATION OF DIGITALIS

{a} Official Preparations

(b} 8 criteria of acceptance

{¢) Guides to safe digitalization
(d} Fast and Slow digitalization

Admunstration of Digitals Preparations 123 « To admnister the cardia¢
glycosides intelhgently and expertly requires a good deal more knowledge

apy ‘The physician mnst know what conditions to treat, what to expect
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from treatment and what can be expected of each type of preparation He
must have some knowledge of pnor d 10n be able to daff
the signs and symptoms of congestive heart failure from those of digitalis
ntoxication and be able to not only diagnose the arrhythmias amenable to
dipitalis therapy but also to be on the alert to avoid adding further digitalis
to a dimitalis induced arrthythmia The indications for digitalization and the
signs and symptoms of digitalis intoxication are covered 1n other sections of
this chapter This section deals maimnly with the different digitalis prepara
tions and the general rules for their administration

Before discussing the admimstration of the cardiac glycosides 1t 1s most
mmportant to have a clear cut picture of the vanous preparations available
their dosage range and some 1dea of the onset and duration of biological
activity  Only the official digitalis preparations are covered i this section
Following are Listed such preparations and also illustrative tables (II &
HI) Fig 2 also illustrates the different rates of biological absorption and
excretion

DIGITALIS PURPUREA PREPARATIONSS

1 Digptalis tablet USP This preparation 1s usually available in 01
Gm tablets but can also be obtained n a powder mjection and tincture
It 15 prepared from the dried leaves of digitalis purpurea and contans 0 2
to 04 per cent digitoxin plus digitomin digitahin antichime acd digita
losun digitoflavone 1msitol and pectin  The biological assay of the whole
leaf preparation 1s based upon measurement of the lethal dose in pigeons
Each commercial sample must be assayed aganst a standard (USP
digitalis reference) One USP umt 1s defined as 01 Gm of reference
standard The present standard 1s US P XI and 1s approximately thirty
per cent stronger than the USP X prior to 1936 when the whole leaf
was assayed 1n cats against the US P umt

1a Digalen NNR Ths preparation contains in the amorphous state
the natural mixture of cardiac glycosides of the whole leaf separated from
the mert subst: It 1s standardized exactly as the Digtalis tablet,
USP Although it may be given orally in hqud or tablet form 1its main
usefulness 1s that 1t can be given intravenously when oral whole leaf meds
cation 15 cont dicated It 1s lable as a stenle solution 1n ampules
(05USP umt per ml) Thus 2 ml 1s roughly equisalent to 01 Gm of
the powdered whole leaf

1b Digifolln NNR Exactly the same as digalen

2 Digitoxin tablet USP It 1s dernved from a natural glycoside of
digitalis purpurea by the removal of glucose The commercial preparation
1s usually a mixture of cardioactive glycosides The punty must be at least
nmety five per cent and strength within twenty per cent of the USP
reference standard As gitoxin 1s d as digits n this ct 1
assay 1 les of dig) USP have been found to contamn
varied but apprectable amounts of gitoxin which have relatively httle
bologic cardioactvity Therefore there may be a wide vanation n the
biologic activity of the vanous 1 d 1ons A few
of the various trade names include digitoxin digitalme nativelle umdigen
purodigen and digisidin
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3 Gitalin (amorphous) NN R This preparation 1s also known as gita
hgin It s a mixture of amorphous glycosides obtained from digitalis pur
purea ‘The drug 15 assayed biologically by the US P method for digitahs
It was formerly known as verodigin N F

DIGITALIS LANATA PREPARATIONS®

1 Digllamd, NNR This preparation 1s 2 mixture of the amorphous
crystallized lanatosides A B and C obtamed from digitalis lanata leaves
Proportions are as they naturally occur, forty seven per cent A, sixteen
per cent B, and thirty seven per cent C Its actions are almost 1dentical
to the offictal digitabs leaf and 1t 1s assayed gravimetrically

2 Lanatoside A There are no commercial preparations for thi> glyco
side, but digitoxan and acety! digitoxin are derived from 1t, the first by
removal of glucose and acetyl while the latter 1s derived by removal of
glucose but not of acetyl

3 Lanatoside B No commercial preparation 1s available

4 Lanatoside C USP Its potency 1s obtained by pigeon bioassay and
may legally vary from 85 to 120 per cent of the lanatoside C reference
standard It 1s marketed only for oral admimstration and usually contains
0 5 muilligrams of the glycoside

5 Deslanoside (deacetyl lanotoside C) USP 15 denved from lanato
side C by alkaline hydrolysis The loss of the acetyl group mahes the gly
coside more soluble and more stable than its precursor Otherwise its
actions are identical It 15 assayed colonmetnically aganst the standard
preparation It 1s marketed 1n two and four milliliter ampules each mulls
liter contaiming 0 2 milhigrams of drug for mtramuscular or imtravenous use

6 Digoxm, USP Digoxin 1s pharmacologically similar to lanatoside c
and 1s derived from 1t by removal of glucose and acety! groups 1t contains
between 90 to 110 per cent of labelled contents and 1s assayed colorimetn
cally, the reference matenial being a standard digoxin

STROPHANTHUS AND OUABAO PREPARATIONS®

1 Ouabamn (G strophanthin) USP It s a stenle aqueous solution for
tnjection each ml of which contams 0 25 or 0 5 mg of drug Itisa pure
glycoside but must be bioassayed by the official digitahis method (prgeons)
a standard ouabamn preparation being employed as & reference maten?

15 for mtravenous use only and 15 obtained from the seeds of Strophanthts
gratus or from the wood of Acocantheria schumper: (ouabao tree)

2 Strophanthin NF Like ouaban 1t 1s prepared only for ntravenous
mjection each ml usually contains 03 or 06 mg of strophanthin It‘;
either a glycoside (K strophanthun B) or a mixture of glycosides obtame!
from the strophanthus Kombe After assay 1t 1s standardized to half ﬂ"l’
potency, per milligram of ouabair USP, K strophanthosxde, a naturd
glycoside 1solated from the mixture

3 Acetyl strophanthudin It 15 a synthetic elaboration of the aglucon®
strophanthudin It 15 biologically assayed in cat umts agamst 2 referenci
standard 05 mg of the drug 1s approximately three cat umts equusalen
to 03 Gm of powdered whole dry purpurea leaf



DIGITALIY 343

SQUILL PREPARATIONS

1 Sallaren NNR Urginea mantima (“sea onion )} contams two
natural glycosides p t A and comp t B 1n the proportion of
about two parts of A fo one part of B Scillaren 1s a punfied stable chem
1cally standardized preparation contamming A and B in the same propor
tions as occur naturally The drug s assayed gravimetncally and 1s avail
able only for oral admimistration 1n tablet form (08 mg ) and 1n solution
(08 mg /ml)

2 Sallaren B NNR This preparation consists of the amorphous com
ponent B It 1s for intravenous use and 1s marheted 1in 1 ml ampules con
taming 05 mg of the drug

3 Urgiin NNR This preparation 1s similar to Scillaren except the
components A and B are 1n equal portions It 1s marheted as oral tablets
contaiming 0 5 mg of the drug It 1s assayed gravimetrically as are all the
squills as well as by the US P method for digitalis

EIGHT CRITERIA OF ACCEPTANCES

Of the eight critena of a bility of the d lis pri 10nS as
histed by Goodman and Gilman mx of the entena are found equally in alt
the preparations at present used chnically These criteria are histed below

1 Effective myocardial action

2 Umformity of potency (The punified glycosides may be slightly more
umform than the whole leaf preparation )

3 Ease of administration

4 Drug stability

5 Adequate intestinal absorption {

6 Cheapness

7 Margin of safety (therapeutic toxic ratio)

Inmost of the preparations the therapeutic range seems to be two thirds
of the touc level Several recent articles suggest that as far as mtalin 1s
concerned the therapeutic level may be about thirty six per cent of the
toxic range Anmmal preparations do not bear this out Final judgment
must await further well controlled studies

., 1 h
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RATE OF ACCUMULATION AND ELIMINATION123

Under this heading a climcian has four possibly five different rate cate
gones as lustrated 1n Table 2 and Fig 2 describing the rapidity of onset
ofaction thedurationofaction and the rate at which the effect decreases *
The fastest acting acetyl strophanthidin 15 of no use as a therapeutic
agent per se but can be a useful tool in determining rapidly the need for
digttalis 1n doubtful cases The second group which consists of ouabain and
strophanthin may be used 1n emergencies for very rapid action but only
ntravenously and are not recommended for long term usage The third
group lanatoside C and deslanoside have an action which 1s almost as
rapid m onset as strophanthin and cuabain but the action may persist for

In Table III may be found dosage tables for the official digitalis strophanthus

and squill Such a table the need for individvalinng the
diptalizing oral and intravenous dose and daily oral maintenance dose

p
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TABLE 2
RAPIDITY OF ONSET AND DURATION OF ACTION OF CARDIAC GLYCOSIDES
Agent Route Starts Action Regresses Gone
Maxtmal
A Acetyl Strophanthudin | IV | 30 sec -5 rn 12 min 30 min 2 hours
B Strophanthm}

Ouabain v 3-10 min 14-2hrs | 8-12hrs | 1-3 days

C Lanatoside C Oral 30 min 1-2 hrs | 16-36 hrs | 2-3 days
v 10 min 1-2hrs | 16-36 hrs | 2-3days

Deslanoside Oral 30 mm 1-2 hrs | 16-36 hrs | 2-3 days
v 10 min 1-2hrs |16-36hrs | 2-3days

D Gitaln Oral 60 min 6-7hre | 2-3 days | 5-7dns
v 5-10 min 6-7Thrs | 2-3days | 5-7dass

Digonin Oral 2 hours 4-6hrs | 2-3 days | 4-7 days
v 14 hour 4-6hrs | 2-3days | 4-Tdn)s

E Digitoxin "Oral 2 hours 2-9hrs |2-3 weeks | 3+ weeks
v 14 hour 2-0hrs | 2-3 weeks |3+ weeks

Digitalis Leaf TOral 6 hours 1948 hrs | 1-2 weeks | 2-3 weeks
\

several days Grtalin and digoxin have a shightly slower onset and a some-
what longer action while the final group of dizitoun and digttalis take
about two hours for the onset of action and two to three weehs for termma
tion of any measurable action Thus at the present time the climcian has
cardiac glycosides with action ranging from a fleeting flash lihe effect to
a stable persistent action of two to three weeks

One point that may not be evident from the graphs and the description
of the drugs should be emphasized As yet there 15 no 1deal method of
standardization of the ndividual drugs or even batches of the same drog
All the bioassay and gravimetnc methods have objectionable features
However on the whole the variation between batches of the same drug 31
mmmmal and 1f the following rules of admmstration are carned out this
objectionable feature becomes more theoretical than real

GUIDES TO SAFE DIGITALIZATION

1 Never gue the drug without ascertaining whether digitalis has been
gwen previously  All too often this phase 1s neglected The electrocarti®
gram 15 not a rehable method for determmng the degree of digitahization
A judicious telephone call to the previous physician or hospital 15 mancd
tory 1f such information 1s unavailable digitahs should be admmste
with extreme caution

2 Tn the vast majonty of cases rapid digpitalization 1s not only unneces
sary 1t may be mjurious and even lethal In most wmstances where diptans
1s mdicated such as congestive heart failure himtation of activity, ™
mercunial dwrests, decrease in the excessive salt intahe and other forms ©
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therapy usually bined to d enough of
which allow the chimician to slowl) digitalize the patient over a penod of
weehs rather than hours or days Improvement from the simple restriction
of activity 1n forcing esther & bed or a chair existence without any other
form of therapy will induce 2 d and symptomatic imp: t that
can continue for days

3 The cardiac glycosides should never be gien by rule of thumb Any
plan of therapy requires a considered guess of the amount of drug required
to produre the desired effect Although 1t has been established for digitoxin
that a single oral dose of 12 mg wll produce defimtely beneficial effects
with only mnor gastrointestinal symptoms this 1s rarely a necessary or
wise procedure As Listed 1 the rule above although previous digitalis
medication may have occurred other factors such as electroly te imbalance
may be unsuspected If vomting does occur one 1s at a loss to hnow how
much of the drug was absorbed and how much was vomited Finally any
of these <o called rule of thumb 1mhal doses if given to enough people can
and do cause death

4 The therapeutic effect ts destred not the toxic effect In most in
stances this can be achieved In others the myocardium may be so
severely damaged that digitalization alone will not achieve therapeutic
effects without bordering on toxic signs and symptoms In this event other
additional measures must be used

5 Tolerance to digitalis does not develop So called ‘tolerance 1s
erther due to the fact that the maimntenance dose 1s too low or that the
underlying condition has worsened Too often the physician has switched
to some other preparation and has ascribed any beneficial effects to the
peculiar qualities of that p 1on In most inst: an m the
maintenance dose of the imtial drug would have produced the same effect

FAST AND SLOW DIGITALIZATION

Most cardiologists feel that except 1n a rare emergency the drug of
choice 15 the whole leaf preparation of digitahs The punfied glycoside
digitoxin at the present fime might be shghtly more popular However 1t
does seem to require more careful superviston than the whole leaf The
mam reason 1s that its toxic effects are not heralded as often by symp
toms recogmizable to the patient and the physictan Nausea yellow viston
ectopic ventricular beats and other symptoms and signs described more
fully 1n the following section usually come on early and often soon enough
to safely warn of impending dimitabis toicity when the whole leaf prepara
tion s used That this 1s not true with dxgitoun has been amply confirmed
by many observers over the last fifteen years It 1s now known that sertous
arrhy thmas and the reappearance of congestive farlure due to overdigitalt
zation can occur with the use of digitoan wmith hittle symptomatic warning

For the patient who has developed mild congestive failure over a long
penod of time and who can be re evaluated weekly a suggested mtial
digitahization schedule would be to give 03 Gm daily either 1n one dose
or divided doses for five days and then drop to 0 1 Gm daily and reob<erve
at the end of the week If full effects have not been achieved the dosage
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schedule could then be erther 0 2 Gm daily or an alternating schedule of
02 Gm one day to 01 Gm the next day, with re evaluation 1n another
week Such regime could be continued until the desired therapeutic effects
or toxic signs or symptoms are mamfested If more rapid digitahization 1s
desired, 02 to 04 Gm may be given every six to eight hours for several
doses noting the climcal effect before each new dose 15 given Thereafter
smaller doses may be admimstered until the desired effect 1s achieved In
the rare individual 1n pulmonary edema, cyanotic, and apparently n ex
trem:s more urgent digitalization 1s necessary The author feels the physt
cian s aim should be to get the patient somewhere between one half and
two thirds digitalized i a day and “full digitahization later This will
afford some protection and insure agamst toxicity In such a case one has
a choice of erther the most ramd acting group bain and strophanthn
—or one of the lanatoside preparations The strophanthin and ouabam
preparations have an advantage which 1s apparently not realized by some
climcians 1n that the onset of action 1s shghtly faster and the main action
ts gone m eight to twelve hours, instead of sixteen to thirty six hours for
the lanatoside preparations This has not only the advantage of getting
very rapid action but 1t also allows the concomitant admimstration of
longer acting drugs such as the IV preparation of the whole leaf or
digitoxin thus mimmuzing cumulative toxic effects of the two drugs The
use of the rapid acting drug demands very close observation on the part
of the climeian 1n that he must be most careful to avod tomarty dunng
the concomitant admimstration of the fast and long acting drugs This
usually demands reobservation at intervals of two to four hours durng the
first twenty four to forty eight hours Either strophanthin or ouabain may
be employed The usual r ded dosage schedule 1s 0 5 mg ntra
venously followed by 0 1 to 0 25 mg every half hour until desired effect 15
achieved The lanatoside C preparations are a bit slower m onset An
mtal IV dose of 08 mg of cedilamd, digilamd, or digouin followed by
02 to 04 mg every two to four hours will afford some protection Rarely
will such a dosage schedule cause serious toxicity even mn the face of prevt
ous unsuspected digtalis ad ration or hypokal The smportance
of examining a patient as a guide to digitahization cannot be overempha
sized Such observation demands good climcal judgment as to the extent
of reltef of the manifestations of congestive heart falure Although venous
pressure and circulation time can be utihzed, such measures are rarely
needed The main guides to successful therapy are the relief of orthopnea
dyspnea and nausea symptomatically and the overt signs of diuresis suci
as the disappearance of rales shrinking of the liver, and weight loss The
conversion of a gallop thythm to a normal beat 15 a good sign In pabents
with mamifest edema the best guide 1s probably a daily weight chart at the
same time of day with the same amount of clothes or lach of clothung
under similar caircumstances In congestive heart fallure associated wth
auncular fibnllation the ventricular rate 1s helpful As descnibed i1 the
previous section the maintenance of a ventncular rate (60 to 50/mmuf9)
which 15 not elevated sigmficantly by mild evercise or ntropm’z‘mort‘
indicates that not only the vagal reflex mechamism but the direct effec!
upon the conduction tissue has been achieved
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TABLE 3
.
Dose for Initial Digitalization Darty Orat
Maintenance Dose
Oral Intravenous

1 Digitahis Purpurea
I* Digitals USP 10- 20 Gm - 005-030 Gm
I Digalen (Digsfohn) NNR | 10-20Gm | 10-20Gm | 005-030 Gm

Digitoxin USP 10- 20mg 10-20mg 005-0 30 mg
! Gitalim NNR 40 80mg — 025-010 g
2 Digitalts Lanata
} Diplamd NNR 30-60mg | 08-16mg 033-066 my
P Lanatomde ¢ NNR 50 100 mg — 05-30 mg
| Deslanoside USP — 12-16 mg —
ré)lgexm 20- 40 mg 08-16mg 025-125 mg
3 ®Quabao and Strophanthus
b Qusbamn UST — 0510 mg 06 -10 mg
I Strophanthin NF — 05-10mg 06-10 mg
¥ Acetyl Strophanthidin — 06-12mg —
4 Urgtnea Maritima

Sallaren NN R 96-14 4 mg — 08-32 mg

Seillaren B NN R — 05-175 —

Urgmin NN R 60-120 — 05-20 mg

* Based on a normal weight of 70 kg (150 1b) no digitalis within three weeks and
no el yte or surmlar

Another pomt that should not be overlooked 1s the intelhigence of the
patient An intelligent patient can be forewarned of the symptoms of the
impending toxicity and be able to report by telephone if such symptoms
develop unexpectedly Detatled specific instructions both verbally and
written are necessary as even the most intelligent patient may overdose
himself by musinterpreting the physician s mstructions This may sound
obvious but all to frequently this s a cause of over or underdigitalization

If exther on the 1mitial digitalization or some time durng the mainte
nance of digitalization by the whole leaf the drug seems to be losing 1ts
effect the maintenance dose can be increased If toxic symptoms or signs
develop before the desired therapeutic effects are reached one of the glyco
sides such as gitaln digoun or digitoxin may be tried Although m most
1nstances no :mprovement may be noted occasionally dramatic therapeutic
successes occur As noted 1n the previous section gitalin may prove to have
& greater margin of safety than the other glycostdes

PIGITALIS TOXICITY 3

Symptoms and Signs Ger inal  The touc mang
festattons are directed toward the gastromtestmal tract The most fre
quent and early complamts are lack of appetite nausea and sense of fulness
Often these symptoms are hard to distinguish from the gastrointestinal
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discomfort secondary to congestive heart failure If they occur early
1 the course of mitial digitalization by the whole leaf preparation, local
irntation of the gastrointestinal tract 1s hkely, particularly 1f more than
03 to 04 Gm are given 1n one dose When digitalization has been accom
phished, such complaints are definite symptoms of overdosage and arse in the
central nervous system If digitalis 1s pushed, vomiting and diarrhen occur
Cardiac Arrhythmlas The next most important feature of ditalis
toxicity 15 the effect upon cardiac rhythmeity Although overdosage may
produce any and all types of arrhythmia, by far the commonest and eath
est warming 1s the onset of premature ventricular contractions As these
‘ extrasystoles’ become more frequent, “couphng” occurs “Coupling’ 1s
an arrhythmra 1n which every normal sinus beat 15 followed by a prema
ture ventricular contraction Digitahs must be discontinued immedhately
If not ventricular tachycardia, ventricular flutter, and ventricular fibnlla
tion can and often do occur Ventncular fibnllaion almost wvanably
means sudden death unless heroic measures are imtiated immediately
Other arthythmias 1 order of frequency are smus arrest or block sinus
bradycarda, atrioventricular conduction delay to plete heart bloch,
premature atnal beats leading to an ectopic atnal tachycardia accom
panted by Wenkebach phenomena, 2 1 A V bloch or erratic ventriculaf
response and merging mto aurcular fibnllation or “impure flutter”, and
very rarely bundle branch block One common mustake may be easy 0
make The ventricular slowing induced by digitalization m aurtcular
fibrillation may change to a fauly fast regular rhythm This may be inter
preted by the climcian to mean conversion to normal smus rhythm In
actual prachice 1t 15 much more ikely to be due to an etopic pacomaker
n the AV node or ventricles Therefore 1t 1s a sign of toxiaty Digitaks
must be withheld immediately Any of the aforementioned arrhythmas
can and wil lead to ventricular fibnllation 1f digitalis 1s pushed
Neurologic Symptoms Neurologic symptoms are infrequent Honever
the climeian must be on the alert for such symptoms as the patient often
does not mentson them unless they are brought out by shillful questiomng
The commonest symptom 15 a visual disturbance 1n which all cbjects a2
pear yellow or snowy ” Spots before the eyes (scotomata) and blurrng
of v1s10n 15 infrequent Occasionally headaches and neuralgias of the arms
and of the face appear The facial pam may lead to unwarrinted tooth
extractions Vaguer symptoms such as weakness loss of pep, irntabibity,
and insomma may occur The only proof that digitalis 1s the causative
agent 15 the demonstration that withdrawal of the drug relieves the symp

toms The recent studies on placebo reactors make even this test 2 shaky

one

Miscellaneous True allergic reactions must be very rare A few ¢ases
of thrombocytopenic purpura have been reported The frequent comptamnt
by some pabeents that they can not tolerate any digitalis preparation 8
usually false Secondary effects such as the appearance of gynecomasti2
1n males 15 and not ¢ Jered a toxic sign

Prevention and Treatment It 1s true that digitahs intoxication has
become more frequent in the last two decades There are many factors
nvolved The most important one 1s that the medical profession has come
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to realize the importance of dimtalis in congestive heart falure and n
certamn cardiac arrhythmias This reahzation has led to more frequent use
of dimitalis preparations  Another factor has been the employment of the
punfied glycosides and more rapid digitalization schedules Raprd digitali
zation increases the nisk of toxiaity

A punfied glycoside dipitoxin has been shown to be almost completely
absorbed by the gastrointestinal tract in large doses with only tnvial dis
comfort Serious arrhythmias and reappearance of congestive phenomena
from overdosage of this drug can occur without the appearance of impor
tant toxic signs and symptoms Digitalis whole leaf almost invanably pro
duces f tory intestinal symp visual disturbances or ¢ coupling
long before such serious events occur

Another factor of major importance in the production of toxicity 1s the
use concomitantly with digitalis of energetic diuretic regimes such as low
salt diet acidifying agents such as ammomum chlonde mercunal duretics
resins carbonic anhvdrase mhibitors and so forth Such all out thera
Peutic regimes lead to electrolytic disturbances that increase the hazards of
digitalis medication Examples are the production of the ¢ low salt syn
drome’ with mpairment of renal function and depletion of potassium
stores with enhancement of digitalis toxicity

Finally, a motley crew of errors of omussion and commission can produce
sertous consequences Failure to take into consideration the possibility of
prior digatalis administration farlure to look for or heed the warmng sig
nals of overdosage failure to learn well the average rate of absorption and
elimmation of a few preparations failure to take into consideration con
tnbutory factors such as hyperthyroidism myocardial mfarction nutrr
tional status and finally errors 1n diagnosis all may lead to serious over or
underdosage

Prevention of toxicity theref ludes the foll I A
careful evaluation of the patient before and durnng digitalization slow
dhgitalization except 1n rare mnstances frequent ubservatwn of the pahent
a willingness to change the dosage schedule as
knowledge of the 1on employed the avoidance of an excessive
number of other measures and a conservative attitude If these rules are
observed digitals toxicity 1s a rare event

If minor symptoms and signs occur the withdrawal of the drug followed
by resumption of mamtenance at a slightly lower dosage level 1s sufficzent
If the symptoms and signs are more sertous the drug may need to be with
held for a longer period

If the more senous arrhythmias occur such as ventricular tachycardia
huspltallzahcn and constant careful medical supervision are desirable As

the tl 1e agents and that may be employed are potentially

dangerous 1t 15 important to determine whether the toxteity 1s mereasing
or decreasing The mam and only danger 1s death from ventncular fibnlla
tion  An elect: hine should be £ ly
{o the patient in order to take frequent tracings If 1t 15 reasonably estab
lished that hyperkalemia 1s not present and that renal function 1s ade
quate potassium mav be given orally or intravenously It 1s difficult to
produce serious toxic cardiac disturbances by the oral route while™
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ntravenous route 1s potentially hazardous Hyperhalema causes depres
sion of the cardiac conduction and impairment of muscular contraction
leading to arrhythmias, hypotension anoxia, and ventricular fibnliation
Other antifibrillatory agents have sumlar effects plus other features such
as a direct penipheral vasodilation Such agents include quimdine, pro
caine, procamne amude, and magnestum hydrouide

A recommended procedure for the use of potassium 1s to employ a solu
tion contamning potassium chlonde, 30 Gm (13 m Eq /Gm ) 1n 20 ml of
water Ths solution should be diluted to 500 ml 1n five per cent glucose
solution With a normal serum potassum, 6 0 Gm may be mjected mntra
venously at a maximum rate of 5 ml per minute In frank hypokalemis,
the rate and total dosage may be increased The salt may be given orally
as chloride or citrate 1n an 1mtial 4 0 Gm dose folloned by 20 Gm houtly
for two hours

If potassium 15 not available procame amide may be given either orally
or mtravenously for ventricular paroxysmal tachycardia 15 Gm may be
gven orally followed by 250 mg hourly for several doses as needed Intra
senously the drug may be given continuously at the rate of 25 mg per
minute until 300 mg has been given The rate 1s then reduced to 12 5 mg
per minute

‘Whether potassium or procaine amide are given, frequent blood pressure
and ECG tracings are mandatory during use of the mtravenous route to
prevent hypotension and cardiac conduction defects These observations
may need to be made every minute If serious hypotension develops the
nfusion must be stopped Norepinephrine should be admnstered 1f the
pressure does not return promptly to premyection levels Elevation of the
feet may be of help

SUMMARY

In this chapter the reviewer has covered the high spots of our mcreasing
knowledge of the mvaluable cardiac glycosides At present a wide spec
trum of fast and slow acting agents are available All possess 1dentical
actions upon the myocardi and hzed cardiac conduction system
but vary in speed and duration of effect

With the rapidly increasing span of life more and more patients wil
need treatment for congestive heart failure and cardiac arrhythmias The
cardiac glycosides are and will be 1 the foreseeable future the only agents
that possess a speafic remediable action upon the fallmg myocardium &0
certamn types of cardiac arrhythmas For that reason alone all physmﬂn?
should be able to admimster the cardiac glycosides intelligently Carelt
adherence to the following simple rules may be of some help 1n thus respec

1 Be sure that the condition 15 one that will respond to digitalis therapy

2 Always ascertain how much digitalis has been given previously

3 Always digitalize as slowly as converent

4 Always adjust the dose to the patient’s needs

5 Know one fast and slow acting preparation well

6 R ber that tol to digitalis preparations does not occur

7 Be on the alert for symptoms of physical and electrolyte changes
requre adjustment of dosage

that



DIGITALIS 351

SELECTED REFERENCES

1 Kay C F The Clinical Use of Digitalis Preparations Circulation 12 116 201

(July August) 1955

Lown and Levine Current Concepts tn Digitalis Therapy Little Brown and

Company Boston 1954

Friedman M Digitalis Therapy and Intoxication Modern Concepts of Cardio

vascular Disease 15 311 (Feb) 1956

goli H Qumldme 1 Disorders of the Heart Hoeber Inc New Yorh 16 New
ork 1950

5 Goodman and Gilman The 1 1 Basis of Tl Section 7
Cardiovascular Drugs 2nd Ed The Macmillan Company New York 1955

0

@

IS







SAMUEL A LEVINE, M D

138

The Cairdiac Patient as a
Surgical Risk

SURGICAL CONSIDERATIONS

Physicians are frequently asked by their surgical brethren or by therr
patients whether the heart can stand a contemplated operation This
question 1s by no means as ssmple as 1t sounds and like the one put to a man
on the witness stand when he was asked 1f he would stop beating hus wife,
1t cannot be answered categorically yes or no It places on the phy
sician z triple responsibiity  First he must aid 1 the underlying diag
nosis for often a condition that 1s regarded as surgical may 1n fact be due
to a disorder of the heart itself or to the peripheral circulation for which
medical treatment would be indicated The second aspect of this problem
1s to ascertain 1f possible the prognosis of the cardiac condition that 1s
Present in order to aud 1n advising whether a surgical operation that ordi
nanly would be indicated and justifiable should be undertaken It 1s
obvious that if a patient has advanced hypertensive heart fatlure he should
not be subjected to an operation such as repair of an abdominal hermia
This requires the intelligent appraisal of the cardiac state and an attempt
to foretell how long a patient may be expected to enjoy the benefits of
the surgery that 1s planned Finally when an operation 1s decided upon
m one suffering from some form of heart disease the physictan may aid
n estrmating with what added mish a particular cardiac abnormahty 1s
attended and 1n what way the risk might be mimmized The above ques
tions therefore ental a close cooperation between the surgeon and physi
clan permutting a free and detailed analysts of all the factors concerned

Differential Diagnosis Let us first consider some of the difficulties
that anse m duff ral di md h what appears to be
an acute surgical abd 1 d. from disorders that are duced
directly by the heart or cardiovascular system In former years it was not
an infrequent experience to confuse acute coronary thrombosis and myo
cardial infarction with acute abd 1 such as perf d
pephic ulcer acute pancreatitis acute disease of the gallbladder diaphrag
matic hermia acute 1ntestinal obstruction etc There 1s hardly any active
surgical chme that has not made the error of exploring the abdomen
when the cause of the epigastric pain vomiting and collapse was a throm
bosis of the coronary artery This confusion was discussed many years
ago! since which time much has been learned to help us avord simlar

353
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blunders In fact our knowledge concermng diagnosis of coronary artery
disease has become so extensive that at present there 1s possibly greater
danger of overloohing abdominal conditions that require immediate oper
ation when this type of differential diagnosis anses

There are certain precautions that may help i this decision Realz
g that severe epigastric distress or pam may be due to disease of the
heart or of the abdommal organs, a previous history of angina which
often has to be deliberately inquired for, lends some support to the former
as the cause 1n any particular case Pamn from coronary artery disease
even when localized 1n the abdomen tends to radiate up the sternum or to
the arms and almost never extends below the umbilicus It 15 also often
associated with dyspnea One should aluays suspect the abdomen when
this differential problem arises in a woman if it 1s known that the patent
was not hypertenswe This general rule does not apply 1 the male sex

Finally the electrocardiogram which now can be taken so readily at
the bedside may give mvaluable information Although there may be
pathognomonic changes ponting to myocardial mfarction, great cautton
needs to be exercised 1n reading too much into less distinctive alterations
mn the form of the ventrcular complex There will be mstances that tax
all our diagnostic resources including x ray plates of the abdomen loohing
for free gas below the diaphragm It 1s needless to go mnto 2 complete
discussion of all the conditions that may anse for they are numerous
Suffice 1t to recall that many of the common acute abdomtnal condztions
may be confused with an attack of atypical coronary thrombosis

Similarly there are occasional instances when the acute development
of congestive heart failure can present the picture of an acute surgica:
condition of the abdomen This 1s apt to occur with the sudden onset (I)f
aunicular fibnllation, especially m a previously undigitahized heart i
mutral stenosis 1s present and 1t may not have been recogmzed or €as Y
detectable acute pam and spasm 1n the epigastrium or right upper a¥2
rant shght fever and leukocytosis nausea vomiting, and even shght
Jaundice may result The presenting findings 1n such cases probably a‘l'e
the result of acute congestion of the liver with stretching of 1ts capsule
and may be musjudged as due to acute cholecystiis The therapeuhi
decision 15 not very difficult as ordinanly there 1s no great haste ab(;“
surgery for disease of the gallbladder, and the presence of & rapud 1rregt fa:
heart rate 1n any case deserves dizitalis therapy and other treatment %
heart fatlure 1f evidence of congestion 15 found When the above s}m{’e
toms are due to the heart they will promptly be reheved by appropn®
cardiac therapy due

In younger patients acute pamn m the abdomen resembling that “t
to acute appendicitis may occur mn rheumatic fever The pan need d"‘;
be very severe but can be accompamed by nausea some Tocalized ten u:te
ness and vormting shght fever and leuhocytosis and 1n many w4} yonf -
very closely what 1s found m acute appendicitis At times 1t will b(; g
possible to distingmsh the two conditions with any certamty 3“‘? ﬂs the
ploratory operation will be unavoidable and should be regarded 2
correct procedure even af 1t turns out to have been unnecessary
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Some of these operations will be unavoidable for there is greater risk
in delay when the ix ts inflamed than in an abd ! exploration
when mild rheumatic fever 1s present ‘There are times, however when
careful attention to detals will reward the physician by enabling him to
make a more defimte diagnosis Rectal tenderness 1s much more apt to
indicate appendicitis as 1t 1s quite rare in rheumatic fever

Of greater 1mportance 1n these cases of atyprcal rheumatic fever with
abdominal symptoms but without paimns 1n the hmbs are the direct find
ngs n the heart One may detect distinct abnormalities in the heart that
occur with particular frequency 1n rheumatism and are rare in other con
ditions The finding of a loud systolic murmur or 2 diastolie murmur
that was not previously present a pencardial fnction rub or the detection
of delayed A V conduction time (increased P R interval in the electrocar
drogram) would make the diagnosis of rheumatic fever fairly certam I
recall an instance 1 which the surgeon heard s pecubar sound over the
precordtum which he was unable to interpret This proved to be a gallop
thythm which 1n children should always make the physician suspect a
delayed P R interval (or first degree heart bloch) This turned out to be
the case and the young gl recovered on salicylates, thereby avording
what mught have been an 1l advised operation

Other medical conditions that may present themselves with what ap
pears to be an acute surgical abdomen are pneumoma and acute pericar
ditis These acute mflammatory processes in the thorax especially when

they occur 1n childhood may first th Ives with abd 1
pain and vomuting Only the scrupulous care of a thorough physical
ton and the llections of these bilitres in differ

ential dragnosis will prevent the confusion that otherwise wall take place
Strmlarly the rare cases of tabetic cnises lead colic and other nonsurgical
conditions must be sought for when the canse of abdommal symptoms 1s
being investigated

Sigmficance of Symptoms In appraiing the sigmficance of abdominal
or other symptoms that appear to have surgical imphcations the posst
bility of embolism must not be forgotten One should have this particu
larly 1n mind under the following four conditions Auricular fibrillation
mtral stenosis coronary thrombosis with myocardial infarction and bac
terial endocarditts With the first two stenle thrombi form m the aurnt
cles with the third 1n the ventnicles and with the last infected vegeta
tions are present on the valves If parts of these thrombi become
dislodged embohsm develops When such embolr involve the renal splenic
or 1c arteries abd result Careful exammnation
of the cardiac state will prevent the physlcxan at least from overlooking
these 1 causes of abdi

Prognosis versus Surgical Risk  The second aspect of this problem
18 whether the of the d lar state 15 good enaugh to
warrant the contemplated surgical operation Is the patient with a par
ticular type of heart disease going to live long enough to enjoy the results
of the surgery? This 1s entirely a matter of prognosis and here judgment
s difficult Those operations which n th Ives help the emk
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circulation are always better borne and will be more beneficial in therr
end results than when there 1s no direct relation between the surgical and
cardiac conditions A patient wath mtral stenoss, aunicular fibnllation
and hyperthyroidism 1n advanced congestive failure for example, will
actually show marked improvement 1n the heart following 2 subtotal thy
roidectomy It would be unwise 1n such a case, on the other hand, to
advise an operation for repair of a cystocele In patients with angmna
pectoris occasionally the cardiac state seems to be mproved following
the removal of gallstones or after the relief of prostatic obstruction Apart
from the cases i which the heart itself may be more or less improved by
the operation, great care must be exercised 1n not advising major surgical
procedures for those conditions which are not urgent or for which there
are available adequate nonsurgical or palliative measures When one
would judge the hife expectancy of a given cardiac disease as oné to two
years, 1t 15 1llogical to advise a hysterectomy for fibroid tumors of the
uterus when X ray treatment may control the menorrhagia 1If 2 patient
has had hypertensive heart failure and shows a bundle branch block or
gallop rhythm or pulsus alternans 1t 1s better o temporize with a truss
than to operate for an ordinary ingwnal herma Removal of teeth and
tonsils and procedures such as pelvic operations for prolapse of the uterus
or a relaxed pelvic floor may be avoided when contemplated 1 those suf

fering from grave heart disease An 1illustration of such a problem 15 the
following experience

A woman aged forly d of lower abd: 1d fort and exces
sive uterine bleeding She had luetic aortitis and aortic nsufficiency She also
showed evidence of a large uterine fibroid which could barely be felt above ﬂ"t
pubis A hysterectomy had been advised by another physician Becawe of hei
cardiac condition 1t seemed wiser to try X ray treatment This was carnied 0“!
and caused cessation of her menstrual periods and the tumor could no longe
be felt A simple method without risk achieved the same therapeutic result &8
the contemplated surgery

In all these matters the mtelhgence of the physician must be usedt.
wesghing all the circumstances pertaming to the prognosis of the type °d
heart disease that 15 present and the amount of discomfort and hazar
from the surgical conditions the

Eshmation of Surglcal Risk The final phase of this problem 13 .
estimation of the risk that a patient with heart disease undergoes m”
magor surgical operation There has been altogether too much fear Ma
cerning the abulity of the heart to withstand operations When Postb"ge'r
twve deaths have occurred physicians have been too prone to asen oot
cause to the heart In all fatal cases, death occurs when the heart § D}L x'
but that 1s by no means synonymous with death from heart iaﬂufeew
heart disease On close scrutiny 1t will be found that 1n only nle m
nstances can the heart be blamed as playng even a contributing 0
the cause of the fatahty

TLet us first consider what changes take place 1!
operation Marvin and Pastor® found that there was no conS
1n the blood pressure dunng or followmng operations In some

heart during 80
he he: ¢ ant change
the pres
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sure rose and in others 1t fell They decided that the only instances m
which the change in p matenally affected the mad of
complications were those in which there was extreme lowering of the
blood pressure and pulse pressure with a state of shock It was also
found? that routine preoperative admmstration of digitalis failed to
exert a favorable mnfluence on the blood pressure or on the incidence of
postoperative comphications In fact there was suggestive evidence that
digitalis may have a slightly deleterious effect On the other hand Bla
lockt found that the average output of the dogs heart dunng ether
admimstration was increased seventy six per cent In this experimental
investigation 1t was also found- ¢ that the increase 1n the cardiac output
could be dimmnshed by the use of alkali or digitalis From these expert
ments 1t would seem that the work of the heart might be temporanly
increased during surgical operations However 1n actual surgical cases
Snyder? found an average decrease of forty one per cent n eardiac output
directly after operations while the patients were shll under the anesthetic
and that 1t required one to four days for the output to return to normal
How matenial these various effects might be in the operative nsk can
only be ascertained by clinical expertence
Brow and Long have showns that chloroform ether mitrous oxide and
barbiturate denvatives when used to produce anesthesia i cats cause a
decrease 1n glycogen storage and an 1 of acid metabolit
(lactic and phosphone acid) 1n cardiac muscle Furthermore disturbances
1 the mechanism of the heartbeat have been observed during anesthesta
Levy? 10 noted 1n cats the development of extra ventricular systoles ven
tricular tachycardia and ventricular fibniation at certain low concentra
tions of chloroform snesthesia He thereby explained the mechamsm of
sudden death which occurred under chloroform In routine operations on
surgical patients during anesthesta produced by ether, mtrous oude or
procamme Lennox Graves and Levine!l observed frequent abnormalities
of the heartbeat such as premature beats dislocation of the pacemaker
especially resulting in nodal rhythm and even paroxysmal auncular
tachycardia These were found to be transient and with very rare excep
tion were of physiological rather than chimical interest Only on rare
did the devel of a new rhythm durng an operation
produce alarming symptoms A study of such disturbances!~ has shown
that they are due to paroxysms of auricular tachycardia auricular fibnlla
tion or auncular flutter When properly recogmzed they are easily con
trolled by caroud sinus or ocular pressure or by the use of such drugs
as hol, lis or d Despite the above physiological and
chemical alterations which take place durng anesthesia and operations
h0w much harm they produce can only be determined by studying the
of t tive lications and fatalities mn cardiacs and
noncardiacs This 15 the only method available to determine the surgical
nisk of various types of heart disease
Extensive expertence dunng the past two decades has afforded ade
quate proof that patients with heart disease on the whole wathstand sur
gical operations very well The old fears concermng the heart although
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they still persist 1n the minds of the laity and to a shght extent of the
medical professton have largely disappeared A review of over 400 pa
tients!s suffering from organic heart disease, who were subjected to
various major surgical operations showed that the unexpected mortahty
was only 64 per cent Furthermore on mvestigating the cause of post
operatve death in cardiacs 1t becomes evident that death results for the
most part, from the same complications that occur in noncardiacs,*¥ 1 e,
postoperative pulmonary comphications shock, infection, etc. True car
diac falure 15 rare although some of the so called accidents of heart
disease such as coronary thromt and pul y and penpheral
embolism do occur more frequently

In estimating the risk which a given cardiac condition adds to that of
the contemplated operation there are two important factors to be con
sidered The first and by far the most important 15 the abihty of the
heart to respond to effort If the cardiac condition has been well com
pensated 1f the patient has been able to carry on s ordinary duties the
heart has already given evdence of withstanding a greater load than any
operation will demand This has reference to the heart and not to the
penipheral circulation, for the latter may fail with equal facility whether
the heart 1s diseased or not

If follows therefore that the ustory pertamning to cardiac efficiency 15
much more 1mportant than the physical examination of the heart The
presence or absence of breathlessness 15 much more mformng than
whether a murmur or some cardiac hypertrophy 1s present The second
mmportant factor 15 the hability of that particular heart to the so called
‘aceidents of heart disease These are the unpredictable complicattons
that occur which suddenly change the entire status and prognosis of the
situation Amongst the latter are the development of acute coronary
thrombosts embolism, sudden changes 1n cardiac rhythm such as Adams
Stokes attacks or paroxysmal rapid heart action bactersal endocarditis
and sudden death possibly due to venincular fibnllation Fortunately
such postoperative comphcations are not very common though they d‘:
occur One can classify cases into those that are more and those tha
are less hikely to develop these Lications, but 1t 15 1mpossible to fore
tell events in individual mstances

Because 1t 15 mamly the above “accidents’ of heart disease that 1;1
crease the operative nish of cardiac patients it 1s of some nterest to
analyze the circumstances under which they may anse Coronary ﬂ“";:e
bosis can occur 1n anyone suffering from coronary artery sclerosts "
main chimical evidence of this will be the history of angmna pectOl"to
Therefore, 1t becomes extremely important to mnquire most carefully “’t
those symptoms that characterize the angmnal state Often when a P"fe‘
operative coronary attack has occurred apparently in one who ;ﬂst o
garded as previously having a normal heart, 1t Jater becomes ev¥ Pnn o
close scrutiny that there was a definite history of sternal cm'nstnchow"t
effort which had been entirely overlooked Even some sudden and ms
postoperative fatalities will prove to have a simular explanation thro

Embolism from the heart mainly comes from sterile mural

mbt
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from the auricles in cases of auncular fibnllation or of mutral stenosis
and much more rarely from the ventncles n cases of myocardial nfarc
tion  The presence of these conditions therefore predispose to such
complications Complete heart block obviously 15 the most common
condition in which sudden Adams Stokes attacks may occur, but the
various types of paroxysmal rapid heart action may develop 1n patients
with otherwise normal hearts although more frequently in those with
orgamc heart disease Postoperative bacterial endocarditis 1s very rare
but may develop 1n one who previously gave evidence of a well compen
sated regular heart and in whom there was some khind of cardiac mur
mur Such disastrous complications have been observed particularly after
tonsillectomy or extraction of teeth possibly because these simple opera
tions are so common They are now erther preventable by prophylactic
use of antibrotics or responsive to chemotherapy should they anse

Notwithstanding the varnious hazards to which patients with heart dis
ease are subject on the whole the operative nsk 1s rather small An oper
ative mortality of 21 per cent 1in 147 cases of valvular disease and of 30
per cent m 103 cases of auncular fibnllation!?® indicates how satisfactonly
cardhacs tolerate major surgical it The risk however
under certain ctrcumstances Cases of angina pectoris for the most part
occurnng 1n the second half of Iife carry a nsk of 77 per cent This 1s
mainly due to the postoperative development of coronary thrombosis a
subject emphasized by Master and associates ' The danger 1s still
greater amongst those who have already suffered a previous attack of
coronary thrombosis The proper timing of operations and selection of
cases should even here keep the rate about ten to fifteen per cent The
presence of congestive heart failure adds decidedly to the nsk of opera
tion but except for emergencies adequate preoperative medical treatment
will decidedly reduce this nsk  Although hypertension has hittle effect
on the mortality rate the presence of chromc nephntis increases 1t three
fold In general 1t may be said that all cardracs do surprisingly well ex
cept for those who have nephritis congestive failure or coronary artery
disease

So far no mention has been made about the type of anesthesia n 1its
relation to the operative msk in cardiac patients There has been no
extensive analysis of the relative ments of different anesthetics for those
suffering from orgamic heart dicease Qur opimions therefore rest upon
general rather than g data Daff m pomnt of
view amongst different observers probably sigmfv that the matter 15 not
of great importance Marvin!é very wisely stated ‘that 1t 1s far more
tmportant to select the proper anesthetist than 1t 1s to select the proper
anesthetic  The choice will generally be determined after a consultation
between surgeon anesthetist and physican with the goal that a smooth

may be d Ether avertin ethylene spmal

and local anesthesia each have their advocates The important factors
that seem to be matenal are to avord strugghng the collection of mucus
m the upper tory tract and cy and to prevent a mamntained
fall 1n blood pressure The disadvantages of the former are obvious and
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there 1s reason to believe that a sigmficant fall 1n blood pressure, apart
from being a forerunner of surgical shock, 1s conducive to the develop
ment of coronary thrombosis It 15 for this latter reason that, when
spinal anesthesia 1s used 1n elderly patients who often have coronary
artery scleross, great care should be taken to prevent any untoward fall
in the pressure level In general, I prefer ether anesthesia in cardiac
patients although there are r ble diff n views gst
reputable authorties

In conclusion, 1t may be stated that intelligent cooperation between
physician, surgeon and anesthetist will enable most patients suffenng
from heart disease to undergo surgical operations with only slightly
greater risks than prevais i noncardiacs It wll also avord 1l adviced
operations on cases that present features r bling surgical condit
which 1n pomnt of fact are due to some form of cardiovascular or non
surgical disease Proper preoperative care and timing of the operation
when possible, will dimimish the surgical nsk  Finally, careful diagnosis
and prognosis will ehminate many unwise operations for which palliatrie

perative are available when the patient might not be

expected to hive long enough to enjoy the results of the surgery

OBSTETRICAL CONSIDERATIONS

The problem of the cardiac patient and pregnancy has many ramifica
tions The physteian has to consider not only the purely medical aspects
of the case but also rel social and factors Decisions will
therefore have to differ even when the physical condition of the heart
may be the same depending on these other factors The whole problem
15 one m which the medical profession has made considerable prOEl'BSSt
The apphcation of modern methods of diagnosis and treatment of hear
disease and the mstitution of a systematic control of cardiacs who ma¥y
become pregnant has decreased the maternal mortahty amongst orgamc
carchacs during the past several decades from about twenty per cent t0
about three per cent 17 By the proper selection of patients who sho "
become pregnant and the intelligent care during pregnancy, many In
are now bemng saved that were previously sacrficed £

Effiect of Pregnancy on Normal Heart Let us first consider the effec
of pregnancy on the normal heart Studies of the dynamucs of the c”fl"’e
lation?® 1920 have shown that there 1s a decided gradual merease ¥ v
work of the heart dunng pregnancy This reaches 1ts maximum 0 fi t’e,
per cent increase at the eighth month The blood volume and the miny .
output of blood increases and the velocity of blood flow accelerates 16)
blood pressure normally does not increase (in fact 1t often 15 quite °r v
but during the pans of labor 1t may nse producing a further tempo:: n
increase 11t the work of the heart Dunng the ninth month adjusimen ac
the arculatory dynamics occur which somewhat lighten the car
burden from the high point reached the previous month

Care of Heart Disease in Pregnancy Of primary 1mpor
care of p t cardiacs 1s te d of the condition O
heart When heart disease 15 present mn association with pregnancy
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overwhelming majority (ninety per cent) will be found to have rheumatic
valvular disease a fesr will have hypertensive luetic or congenital heart
and very rarely one may have coronary artery disease The main dis
cussion therefore will concern rheumatic heart disease There are many
pregnant women who present features resembling those seen mn organic
heart disease that are functional n ongin and may be called neuro
carculatory asthema or cardiac neurosis They may have famt systohc
murmurs rapid heart rates dyspnea and palpitation In addition there
may even be some puffiness of the ankles from the pressure of the gravid
uterus without any structural disease of the heart Such patients can
quickly be separated and treated as normal pregnant women Great care
theref must be d before classifying the case as one with
orgamc heart disease

The second group to distinguish conststs of those who have simple
mutral suficcency In this group a moderately loud or loud systolic
murmur will be audible at the apex not explicable on any other basis
There generally will be 2 past history of rheumatic fever or chorea and
possibly shght cardiac hypertrophy If there 1s no diastohc murmur what
ever and no other signs of mitral stenosis 1t may properly be classified as
one of mtral regurgitation When such cases are well compensated and
show no objective or subjective evidence of congestive falure for obstet
nical purposes they may be regarded as normal women for the maternal
mortality will be about one per cent

The third group consists of those showing defimite evidence of mtral
stenosis or of aortic valvular disease Amongst the former will be some
with aunicular fibrillation ‘The signs of mtral stenosis may be obscure
and require most careful auscultation Some will show signs of both
aortic and mitral mvolvement This 1s the most important group of all
for here the problem of congestive heart failure anses and there will be
a sigmficant maternal mortality

In order to outhne the practical methods in the care of pregnant
cardiacs let us trace the steps of a married woman who contemplates
Pregnancy At the outset she should vistt a physician for a complete
physical examination If she does not fall into the third group, ¢ e she
has no organic heart disease or only has mtral msufficiency she may be
come pregnant without any undue apprehension and can be treated as a
normal patient If she belongs to group three : ¢ shows signs of mitral
stenosis aortic valvular disease or ome of the less common types of
orgamic heart disease an eshimation of the state of compensation should
be made 'The early evidence of decompensation will manly be dyspnea
on exertion not previously experienced cough on effort rales at the bases
of the lungs hemoptysis or the presence of auricular fibnllation A de
cided reduction of the wital capaaty of the lungs especially when its
previous level 1s known 1s a very rehable index of congestive faillure Itis
stnking that in normal or well compensated cardiacs the wital capacity
of the lungs 15 not dimimished even when the abdomen 15 enlarged by the
full term fetus When 1t 1s found that decompensation 1s absent the
patient may be advised to become pregnant or be permitted to carry on
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if already pregnant Contranwise, if there has been a history of decom
pensation 1n the past, or there 15 present evidence of cardiac farure or 1f
persistent auncular fibnllation 1s found (omitting the rare mstance of
this arrhythmia 1 an otherwise normal heart) pregnancy should be
avorded or mterrupted The advantage of early and frequent exammation
1s that abortion during the first few months 1s a comparatively smple
procedure whereas during the last few months 1t 1s a major one
As the pregnancy continues, the patient should be cautioned agamst
overexertion or becoming unduly fatigued Tiresome shopping should be
prolubited Respiratory nfections should be avoided as far as possible
and any apparently minor mfection requires more than the customary
care n bed If any evidence of heart failure develops 1n the later months
of pregnancy, the patient will need to be more or less 1n bed the re
mainder of the pregnancy Even when treatment results in restoration
of compensation activities should be restricted to a bed and charr exist
ence with very hitle more until after the delwvery
The advice given to cardiacs will differ matenally depending upon the
number of children there are already In the absence of decompensation
or other evidence of grave heart disease all cardiacs should be iowed to
8o through thewr first pregnancy In fact, they should be urged to have
therr baby soon The heart does not get better with increasing years and the
mother will Live longer to enjoy the hife with the child than 1if pregnancy 18
delayed Furthermore when a normal viable child has been obtained with
out any difficulties, 1t 15 wise to advise such a patient to have a second
child within the next two years Most parents want more than one chuld
and 1t 15 better to make the final decision about this matter immedsately
than to have 1t come up five years later The question of a third chuld
providing that compensation has remaimed satisfactory 15 entirely opfional
with the parents When there are already three normal children there 1§
go0d reason to advise cardiac mothers to avoid any further pregnancies
Although there are numerous nstances of women with mutral stenosis
surviving six, eight or ten pregnancies there are a good many others Who
have succumbed Under the best circumstances the nisk 15 greater than
normal for any cardiic who belongs to group three There1s therefore 2
defimite indication for the use of contraceptives 1n all cases of ompanic
heart disease when there are already three children or for performmg abor
tion 1f pregnancy has already occurred There ts very litle evidence 10
show that cardiacs going through pregnancies without falure of the crcy
lation shorten ther hwes Reid ! showed that marned women suffering
from heart disease who had borne on the av erage more than five cluldrell;
died at an average age only shghtly less than unmarned cardiacs In ;
these considerations due attention must be paid to the wishes of 8 ‘;
parents their religious restrictions and the economic and socwal status "l
the household beanng in mind that the actual brngmg up of scverd
hildren s a derable task on a d d heart tamn
Stenlization should never be performed unless 1t 15 absolutely cer o
that no more pregnancies are to be pernutted It 1s generally “";gs:my
perform stenlization at the time of the first pregnancy, for the cb




THE CARDIAC PATIENT AS A SURCICAL RISk 363

not survive the first few days or may be an abnormal child On several
occasions I have seen well compensated cardiacs who had a cesarean sec
tion at the time of their first pregnancy and had their tubes tied who lost
their babies during the first twenty four hours They were 1n a sufficently
good state of compensation readily to have gone through subsequent preg
nancies but had to reman childless the rest of their lives Furthermore
a cesarean operation should not be adwised merely to enable the ob
stetncian to stenlize the patient This should be done at a later time
if advisable Notwithstanding the fact that there 1s some difference
of opimion amongst obstetricians I favor the opinion that the procedure
of chotce 1s delivery by the pelvic route unless there are obstetrical indi
cations for an abdominal section The second stage of labor should be
abbreviated by the use of low forceps The type of anesthesia 1s not of
great importance although cardiacs in general do well with ether If an
abdominal operation 1s decided upon and there 1s or has been cardac
failure or a sufficient number of children have already been born stenhiza
tion should be performed at the same time

It 15 obvious that women who are in congestive failure should not
become pregnant and should be aborted dunng the first fwo or three
months of pregnancy But 1if they are first seen 1n gross failure after the
fifth month or develop failure 1n the latter months of pregnancy, most
pawnstakmng cardiac treatment should be carned out to reestablish ade
quate compensation or at least to carry the mother far enough to obtain
a viable cmld To avoid the development of congestive phenomena in
those suffering from major cardiac disease the salt mtahe should be re
stricted but protemn should be given liberally and won as well 1f necessary
Hypoprotememia and anemia are potential factors that may further
embarrass the circulation and often can be readily prevented

The value of carefully classifying cases according to diagnosis and
functional capacity 1s well brought out by the statistics compiled by
Pardee » He reported no deaths amongst 157 orgamc cardiacs who
showed no ewidence of falure on considerable effort 1 death m 180
patients with only shghtly restncted activities 8 out of 169 who were
greatly hmited in their response to effort and 16 out of 40 who were
essentially bedndden 'The results published by Fitzgerald 2 and Haml
ton and his collaboratorsi? -4 are all in accord with these results Despite
these excellent results unexpected and unpredictable disasters can occur
At times congestive failure develops even 1n the form of acute pulmonary
edema when everything pomted to a favorable course The latter may
require morphia and even phlebotomy and oxygen therapy Digitalis
would also be indicated Rarely subacute bactenal end ditis used to
be a fatal lication but now 1s ble to Ui therapy These
complications apart from those to which normal pregnant women are
subject are responsible for the small but irreducible mortahity of preg
nancy in cardiacs
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The Cardiovascular Patient
m Piegnancy

SIGNIFICANCE OF PREGNANCY TO WOMEN WITH
CHRONIC HEART DISEASE

From the Medical Point of View Many young women with chrome
heart disease even nowadays do not know they are cardiacs till married
and pregnant Since most young women cardiacs marry and then nearly
all undertake pregnancy, school and premantal exammnations should be
thorough enough to reveal the cardiacs They should be given timely
nformation so that they can intelligently decide whether they will marry
and with therr husbands decide whether to undertake pregnancy This
holds for therapeutic abortion within the law and medical ethics Tt 1s
the physician s function to tnform the pninciples nat to make the dectsion
for them nor to adwise Pregnancy 1s not a disease It 1s more or less
desirable to each individual patient

From the Obstetrical Point of View In regions where rheumatic fever
15 prevalent close to one in seventy pregnant women have chronic heart
disease 'This small percentage of all pregnant women has furmshed a
much higher percentage of all the obstetrical deaths

The Risks of Pregnancy for Cardiacs When a heart climc was started
at the Boston Lymng in Hospital the maternal death rate for cardracs
had been between fifteen and twenty per cent Two to three years after
the heart clinic was started a system for detecting heart disease early 1n
pregnancy and for special care for the patient had developed The death
rate then fell critically to approximately three per cent Similar cniical
drops 1n maternal death rates for cardiacs have been reported by other
obstetrical clmics after they started simlar cardiac chimes  This puts the
responsibility for the eardiac in pregnancy and puerperium squarely on the
shoulders of the physician or cardiologist working with the obstetncian

Statistics from the Boston Lying in Hospital Cardiac Clinic have been
carefully reported at times since 1921 In summary they are

Approximately ninety per cent of all the pregnant women who are
cardiacs have chromc rheumatic heart disease three per cent have con
gemtal cardiovascular defects the remainder mcludes all the other cardiac
diseases such as cardiovascular syphilis thyroid heart deficiency heart
premature atherosclerotic heart disease and sertous disorders of the heart
beat Patients with hypertenston and no other cardiovascular disease are
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not included 'The following applies particularly to the great majonty of
the cardiacs—those with chrome rheumatic heart disease
The maternal death rate for all those wath chrome rheumatic heart
disease delivered at the Boston Lying in Hospital for twenty five years
after the cardiac chime started was between three and four per cent Since
the nisk of individual cardiacs varies greatly, useful advice to an indwidual
calls for as accurate subclassification as can be made In simplest form
the problem of estimating a cardiac patient’s nsk from pregnancy 1s
whether the heart can fulfill the normal demands of pregnancy 1if she has
all possible needed treatment designed to lessen the work of the heart
If a patient has led a reasonably normal life has been able to carry on
school and to work 1 a factory or shop or as a secretary or teacher, or
to go about socially to dances, and so forth, without congestive heart
farlure—even 1f she has avoided heavy demands on the heart such as
cimbing running, swimming tenms, because breathlessness prevented her
from heeping up with her compamons—the chances are that with a
careful regimen, enough work can be taken off her heart to compensate
for at least the usual demands of normal pregnancy But 1f she has had
congestive heart failure under ordinary circumstances, the chances are that
she will have difficulty 1n avoiding a return of failure even under the best
treatment Although 1t 15 dufficult to define congestive heart failure and
sometimes difficult to know from the history whether a given patient has
had congestive heart failure 1t 1s usually easy to decide this pomnt
If a patient with heart disease has some other defect such as chrome
nephnitis pyelitis tuberculosis, etc, she would be a poor risk for preg
nancy Two diseases are worse than the sum of the risks of both diseases
For illustration the maternal death rate i pregnancy for uncompheated
mutral stenosis 1s approximately 2 5 per cent, for uncomphicated eclanmps“’1
n previously normal women approximately ten per cent The maternal
death rate for mitral stenosis complicated by eclampsia however, 18 not
125 per cent but approximately forty per cent The sigmficance of this
pont 1n treatment of cardiacs will be discussed later
It has long been known that cardracs who have auricular fibrillation ar
comparatively poor rishs for pregnancy
One can, then distmguish a group of cardracs who have le :
normal lives and not had congestive heart failure who have no sxgﬂ‘ﬁc‘(’l"
complieating disease who do not have auncular fibnllaion and cons! ez
the group *favorable” for pregnancy More than exghty five per cent ‘;
the cardiacs at the Boston Lyingin Hospital are by these cn}tlerlrt
‘ favorable’ There 15 a small group left that have had congestive Cﬂ}w
farlure, or have a complicating disease, or have auricular fibrillation ®
are “unfavorable’ prospects for successful pregnancy ar
On this basis the maternal death rate for “favorable cases for thedﬂz s
of a pregnancy and puerpertum, in my experience 15 between 2 an i
per cent The yearly death rate for sumlar cases when not P“%’"agmn
shightly less The maternal death rate for ‘unfavorable cases hugdc:lth
approximately sixteen or eighteen per cent whereas their yearly fents
rate when not pregnant has been from six to seven per cent For palt

d reasonably
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with chronic heart disease who have auncular fibnilation the maternal
death rate has been close to 33 1/3 per cent, but only eight per cent yearly
when not pregnant Infant mortality jumps from, roughly eight per cent
in the favorable group to thirty per cent in the whole unfavorable group
and fifty per cent for those that have auncular fibrillation

Occasionally, one encounters statistical reports mndicating that the nisk
for cardiacs 1n pregnancy 1s much lower than this and from some reports
neredibly low Tt s difficult to collect accurate statistics on this matter In
general hospitals cardiacs before dehvery are treated m medical wards
and 1f they die undelivered they do not appear in the obstetric service s
deaths If delivered and doing well they are discharged from the obstetric
service as successful cases and if therr cardiac condition 1s poor after
delwvery, they are sent to a medical service as they should be Only those
who die quickly and after delivery die on the obstetric service If one
1s 1 doubt about the accuracy of the statistics given here 1t 1s reassuring
to Lnow that almost 1dentical statistics have been obtamed simultaneously
n stmilar heart climes 1n other obstetric hospitals—for example the
Sloane Hospital for Women mn New York City

All cardiacs differ from each other 1n many ways especally in ther
capaaity for effort Patients are more or less favorable or unfavorable
for pregnancy But the statistics given above show the value of this simple
classification We can only estimate the nsk of an individual 1n each group
as she seems better or worse than the average favorable or unfavorable
case In my expenence patients over thiry five years of age are twice
Likely to have congestive heart falure as are those younger whereas
patients under twenty three years of age are many times more likely
to have a recurrence of rheumatic fever than the older patients The
patients with uncomplicated sortic regurmtation have little if any greater
nisk than those with mutral stenosis Those with aortic regurgitation are
however more troublesome than those with miiral stenosis because of the
tendency of the former to have good capacity for effort until the onset of
severe left ventricular faillure They have httle warming of disaster
Patients with both mitral and aortic imnvolvement are only shghtly worse
nisks than those with either valve alone mvolved But patients with a
systolic murmur no diastohic murmur and definite enlargement of the
heart are twice as good nsks as those with aortic regurgitation mutral
stenosis or hoth Gross enlargement of the heart 1s certainly not a favor
able finding but I have not been able to express with defimite statistics
the estimation of nisk on heart size We may feel sure of the value 1n
subclassification of the three groups as defined above “favorable ‘un
favorable and the small group of cardiacs that have auncular fibrilla
tion and need not feel great concern for further subclassification because
care of the patient dominates all the other factors mm maternal mortahty
1n the large group that are defined favorable cases for pregnancy With
suttable individual care we can make their mortality rate low The great
drop 1n maternal mortality of the whole group came after we had learned
the details of themr care and apphed the knowledge effectively and the
drop was from a lessemng of the number of deaths from congestive heart
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failure m the favorable group The chance now for a favorable cardiac
under switable prenatal management to die from congestive heart failure
m pregnancy and puerperium 1s httle more than 1 in 500, whereas two
thirds of the deaths of the ‘unfavorable’ cases are directly due to thise
Try as we may we cannot make the “unfavorable” cases good nshs

The maternal mortahty for unfavorable cases for the first fifteen years
at the Cardiac Chinic at the Boston Lying in Hospital was sixteen per
cent 1t was eighteen per cent for the succeeding ten years, despite, as we
hoped, 1mproved techme in their care The maternal mortality for cardiacs
with auncular fibnllation was also no better for the ten or twelve years
following the first sixteen years It was approximately one death for every
three patients

In my expenence the causes of death in the cardiacs can be listed as
congestive heart farlure embolism, or subacute bacteral endocarditis The
last 18 now a ranty In approximately twenty five per cent of the deaths
obstetrical or comcidental complications not related to the pregnancy
directly have been a materal factor

Control of Congestive Heart Failure in Pregnancy An indinidual daily
regimen 1s essentral In general, 1t should call for nine or ten hours
bed each might and a rest in the mormng and 1n the afternoon The num
ber of flights of stawrs should be limited, and only the hghtest housework
allowed It 1s a good plan to allow no shopping or activities outside the
house except when the patient 1s transported although exceptions may be
made for thoroughly favorable patients during the first two trimesters
Duning the latter months of pregnancy when the load on the arculahion
1s heaviest 1t 1s often wise to keep a cardiac at home and on one floor
and to allow no houseworh whatever Cardiacs 1n pregnancy do not need
exercise No harm comes from overtreating them The burdensome part
of pregnancy lasts only a few months, and one can overtreat the cardm;
during this short penod with a clear conscience for the greater safety o
mother and child

Weight Control and Nutrtion A good plan 1s fo heep weight ganl
throughout pregnancy to less than 6 8 hg (15 pounds) Some have had
no apparent harm and probably great benefit with much less gain than
this The intahe of foods that we beheve nonessental such as rich desserts
and sweets should be reduced Thin milk, lean meats, poultry fish veg]t’a
tables and fruits except those that are twenty per cent or higher shoul d
be allowed and supplemented by vitamuns 1on, and calaum We shoull
bear 1n mind the rule that two burdens are greater than thetr sum D’SE
proportionate 1mprovement will then follow removal or partial removal 0
one of the burdens For example 4 kg (10 pounds) of excess fat :r
moderate fatigue from msufficient rest are nothing much to a healthy
normal human under usual conditions Either may mean the dlffercl;CE
between success and failure to the hard pressed athlete at the end of ‘;
race or fight or to anyone 1n a severe illness, and under all condttion:
to the severely handicapped cardiac Therefore remove or lessen 27
extracardiac burden that one feasibly can, and do 1t with enthusiasm e

These general rules are fundamental to the prevention of congestt
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heart failure 1n cardiacs in pregnancy It was largely due to the applica
tion of these pnnciples that the maternal death rate for cardiacs fell
abruptly and cntically many years ago when cardiac chimes were started
at the Boston Lying in Hospital and at other ssmlar institutions There
are much more novel and interesting aspects of the problem of cardiacs in
pregnancy but none 1s more 1mportant for their welfare

Special Load of Norma! Pregnancy on the Heart Careful studies have
shown that in pregnancy the circulating blood volume increases and the
arculation becomes hurried—cardiac output increases Pulse rate quick
ens the blood pressure tends on the average to fall a little and the pulse
pressure widens Oxygen consumption respiratory rate tidal air increase
Vital capacity and basal metabolism do not mncrease proportionately so
much as aireulating blood volume Circulating bloed volume changes appear
to be a good gau,e of the load of normal pregnancy on the crculation
Roughly, the arculating blood volume at its peak during pregnancy 15
almost fifty per cent higher than early m 'y These physiol

normal 1n p y appear only to a small degree 1n the

early months except 1n unusual cases and 1n the last few weeks of preg
nancy they normally recede (except the oxygen consumption) Roughly
half the ncrease 1n circulating blood volume recedes during the last four
weeks Congestive heart fallure when 1t occurs for the first time 1 preg
nancy rarely appears before the sixth month or during the mnth calendar
month or at or after delivery A curve representing the times 1n pregnancy
when heart failure has first appeared resembles closely a curve showing the
average vanations 1n the extent of the average load of normal pregnancy
on the crculation as determined by direct studies of the phenomena
mentioned above particularly the circulating blood volume

Significance of the Curve of the Load of Pregnancy on the Heart
Formerly 1t was believed that the load on the crculation of normal
pregnancy rose gradually toward a peak at term  When 1t was proven that
on the average the load does not grow heavy before the sixth month and
then nses abruptly and stays close to 1ts peak until the last four weeks
when 1t normally lessens to roughly half 1ts rise a number of general
rules for the care of the cardiacs became clear

It has been a rule at the BLT Hospital that cardiacs must be seen
often 1n pregnancy—at least once a weeh It 1s not safe to select good
nisks give them general rules and let them go therr way with only the
usual number of tions unless force them to
call for help ’I‘hough the average curve of the load of pregnancy nses at
the sixth month and begins to fall at the end of the eighth a few patients
appear to feel the effect of the load very early 1n pregnancy others later
and m some the rise of the load 1s abrupt 1n others gradual and in none
can the course for an mdividual be correctly predicted However expen:
enced a physician may be he must examune each patient often through
pregnancy if he 1s to know how she 1s tolerating the strain  Furthermore
case histonies of patients dying of heart farlure mn pregnancy often reveal
that the symptoms of failure appeared and became severe days or weehs
before the physician knew of 1t
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It 15 natural when one sees a woman early 1n pregnancy te speculate
on whether she can stand delivery Actually, delivery is not her greatest
test Few heart fmlures occur for the first time at or after delnery unless
there 15 a comphcation infhcting excess work on the heart such as fever,
anemia, toxemia or unless labor 1s unusually Jong and difficult

Nevertheless patients who are in congestive heart fardure do not tolerate
delivery well It bas long been known that cardiacs in congestive failure
are not immedately relieved of their symptoms by emptymng the uterus
In fact, they are more dyspneic and show more evidence of venous con
gestion  If they recover, they do so slownly over days or weehs, and in some
reported senes mcluding one from the Boston Lying in Hospital more
fatahities have occurred among the cardiacs after deliverv than dunng
pregnancy and delivery The natural way to account for this 1s that the
final effort of labor and delivery 1s too much for them But even appar
ently effortless delivertes as n precipitate delivenes, and where hysterot
omues are performed before Iabor has begun the cardiac who 15 m con
gestive falure 15 immediately worse, not better Many suggestions have
been made to for this pt x them the onset of
lactation with increased demand on the errculation rapd loss of vitamies
with lactation a harmful effect of ergot or pitwitary extracts on the heart
and arculation, even psychosomatic factors, such as mental letdown after
the struggle and exatement of pregnancy and delwery are over One
documented fact must have an effect on the deteroration of the cardiasc
who 15 m congestive failure immediately after delnery 1s that there 1s an
average Joss of wital capacity of approximately 250 cc as soon as the
uterus 15 emptied The circumference of the thoracic cage becomes
<maller There 15 also lessemung of the ntra abdominal pressure These
factors lessen the stretch of the diaphragm and dummish effectve da
phragmatic function A loss of 250 cc of vital capacity 1s little or nothtng
to the average normal woman or cardiac who has no lung disease and 12
not 1n congestive failure The loss may be critical to a cardiac whose wital
capacity has been heawly reduced by congestive heart failure Qther
probable factors may be equally or more mportant release of pressure o0
pelvis and leg veins with flooding of the eirculabion transfusion of 2 con
siderable quantity of blood from the uterus when 1t contracts followng

emptymg, perhaps 1 some cases absorption of ammotsc flnd with perhaps
some pul ry capillary embol from particulate matter 10 the
ammotic flud such embolism perhaps being particularlv troublesome to
the patient with pulmonary congestion from heart failure

Whatever the explanation may be the fact that even the easiest delne;y
makes the cardiic in congestive heart failure worse gives emphasis to the
need for careful watching through pregnancy m order to anticipate con
gestne falure by a stnct regimen and leads to a general rule that every
effort should be made to improse congestive failure once 1t has occt "
before interrupting a pregnancy Furthermore at the Boston Lymg ;s
Hospital we have been led to believe that after the load of pregnanc¥ re
once become heavy 1t 1s unwi.e to interrupt a cardiacs pregnacy hehom
term unless there 15 some complication such as a severe toxemid wha!




THE CARDIOVASCULAR PATIENT IN PREGNANCY 371

itself calls for interruption  Even if the patient 1s in heart failure which
resists medical treatment at the sixth or seventh or erght month, 1t seems
that the chanee of successful delvery 1s greater if we can carry the patient
along until the expected hghtening of the load in the few weeks before
term has become effective If one deliers a cardiac when the load of
pregnancy has grown heavy (roughly after the sixth month) and before
the normal lLightening of the load during the last few weeks has become
effective, one 1mposes a total load that 1s greater than the load of delsery
at term We cannot prove by statistics that our cardiacs have done better
snce the rule never interrupt a cardiac for cardiac reasons after the load
of pregnacy has once become heavy has been in effect, but such 1s our
opinion The infant mortahty 1s much better
All who are caring for cardiacs 1n pregnancy should keep the following
i mind Subdivide young women who are cardiacs into favorable and
‘unfavorable groups before pregnancy Enhghten the patient before
marniage concerning her nsk from pregnancy Let the cardiac and het
husband decide 1f and when they desire to take the nsh If they take 1t
watch the patient and treat her with more care than one beheves 1s
required to forestall congestive heart failure If fature occurs diagnose
1t quickly, treat 1t vigorously and persistenily by medical means Do not
count on mterruption of pregnancy to rescue a patient if congestive heart
failure appears It 1s unhkely to appear before the load of pregnancy
becomes heavy Mortality rates are high 1f interruption 1s done at this
time for congestive heart failure so treat the patient by medical means
until term when the load of normal pregnancy has lightened and delver
by the easiest method
Delivery of Cardiacs by Cesarean Section The rule to avoid premature
delivery of cardiacs after the load has once become heavy has reduced
the number of cesarean deliveries markedly In the past, 1t has been
lly bel d that section 15 the easiest way to deliver the
usual severe cardiac and many still believe this Fear of sepsis now largely
gone made routine cesarean deltvery for cardiacs distasteful to many
Even so at the Boston Lying in Hospital hysterotomies on cardiacs are
now done only where there 1s an obstetrical indication For the average
cardiac are the nsks of lications from op the abd even
though the chance for infection 1s now almost abohshed greater than the
nisks from delwvery through the pelvis? Is the average hysterotomy easier
on the circulation than the average delivery from below? No one can
answer the questions involved firmly In any case the decwsion 1s not
cnitical  both methods are well tolerated In the present state of our
knowledge 1t seems to me that one 1s not making a mistake to follow 1n
general the conservative plan of not dehvering a cardiac by hysterotomy
unless there 13 some obstetnical mdication
The Puerperium Congestive heart failure rarely appears for the first
time in the puerpertum and then only when provoked by some compl
cating condition such as over exertion an embolism or a fever Lactation
has been feared as a danger to the cardiac There 1s an apparent but not
vet defined increase 1in the demands on the circulation during the imtial
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stages of lactation and probably a lesser load from continued lactation
So 1t 15 the custom to discourage nursing by cardiac mothers This apphes
particularly to the more severe cardiacs Many favorable cardiacs, how
ever have nursed their babies without apparent harm

“diopathic Myocardihs of Pregnancy and Puerpenium'  Occasional
cases have been reported that have developed symptoms in late pregnancy
and 1n the puerperium that have led some observers to believe that there
15 an 1diopathic myocarditis of pregnancy and puerperum The case
reports that I have read have not clearly established a congestive heart
failure nor a myocarditis but they are striking cases It 15 easy to beheve
that pregnancy had some beanng on the production of the symptoms
though this has not been proven Perhaps they had a Iate tovemia
Perhaps they were depleted women whose condition was aggravated by
the demands of pregnancy delivery, and lactation until serious arculatory,
renal and other symptoms appeared It 1s certain that cases with un
accountable acute myocarditis during pregnancy puerperium have been
almost unknown m mv expertence With economic socal and medieal
conditions such as are present 1n Boston one need not fear an acute myo
carditis 1n pregnancy or puerperium more than at other times

Treatment of Congeshve Heart Farlure in Pregnancy This 1s similar
In most respects to the treatment of congestive heart failure n general
The well recogmzed but not yet well explaned tendency for many women
to retamn flwd m pregnancy 1s a complicating factor This edema of preg
nancy 1s not well controlled by any of the usual methods of sodium
restriction ete and the same can be said for the high arculating blood
volume and blood dilubion usual i pregnancy In treatmg congestise
farlure 1n pregnancy this factor should be recogmzed and from my expe
nence flud admimistration of all sorts should be cautiously controlled It
1s easier to produce pulmonary edema by forang fluids of any sort i
pregnancy than at other times

Surgical Tr of Card lar Defects To treat or forestall
congestive heart failure during pregnancy surgery has been tried Some suc
cessful results have been reported Data are far too scanty to Justify firm
prnaples for these procedures Decision must be based for each patient on
the risk of the operation versus the risk of pregnancy without surgical treat
ment For example the nisk for “favorable’ cardiacs with uncomplicate
mtral stenosis (roughly those i Class 1 and 2) for pregnancy, and o7
surgical treatment of the valve 1n nonpregnant patients 1¢ about the same
The chance for having a live mother and baby at the end of the pregnan®y
would undoubtedly be lessened 1f the operation was performed The same
can be said for the unfavorable cardiac with mitral stenosis (Class 3 and
4) The statistical mortahty rate for any such operation performed dur
ng pregnancy must be lower than the nish of the pregnancy to make
surgery an attractive nsh  How much lower depends on how much penefit
the patient may recewve from the operation Such benefit must be timely
—not long delayed-—if 1t 1s to improve the patient s chance for sum"”%
the pregnancy if she survives the operation The nisk to the child m“¢5
be considered  So far I have not encountered a pregnant patient ®4
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rheumatic heart disease where the hnown statistical risks of erther surgical
treatment or pregnancy per se made the surgical treatment attractive
tome

The Surgical Treatment of Patent Ductus Arteriosis During pregnancy
this may well prove to be sound policy The patient may be prompily
cured The nsk of surgery 1s very small for the mother much smaller than
the nsk for pregnancy without surgery in my experience Clearly how
ever the diagnosis should be made before and surtable treatment given
before not durmmg pregnancy

From very scant climieal data now available and from data suggesting
that duning pregnancy some rare women have temporarily weakened
structure of the aorta 1t seems that dunng pregnancy conditions are not
favorable for surgical correction of coarctation of the aorta

Mitral Stenosis and  Paroxysmal Dyspnea in Pregnancy A small
but extremely interesting group of women with uncomplicated mutral
stenosis suddenly develop t of severe pul Yy congestion
apparently from acute heart fallure ‘There may be httle or no apparent
provocation There are usually rapid heart rate with normal thythm (even
as high as 180) and severe dyspne: with or without asthmatic breathing
and/or cough Hemoptysis may occur 1n any degree sometimes as a
hemorrhage threatening death There may be pamn 1n the front chest
usually above the heart on the left Sometimes the pain 1s severe Few
men with mtral stenosis have these symptoms more women with mitral
stenosis who are not pregnant have them but it 15 commonest among
women with mutral stenosis who are pregnant Even among pregnant
women with mitral stenosis only one or two per cent have these violent
and paroxysmal ‘failures Very few such patients have gone through
pregnancy successfully Most of them have had recurrences of therr
alarming symptoms 1n spite of all usual treatment until the pregnancy
was interrupted and then the succession of paroxysms has promptly
ceased though occastonal patients have had one or two recurrences shortly
after the interruption and then stopped having them From my expenence
once a patient with mtral stenosis has had a sudden and violent pul
monary congestion during pregnancy 1t 1s not safe to postpone imterrup
tion for a long time Some have survived a number of repeated attacks
and then had pregnancy interrupted with excellent results but a few have
died 1 their second or third attack I have encountered two patients
who had a few comparatively mld attacks during the seventh and eighth
calendar months and none thereafter who went through delivery success
fully and have done well simce The other patients that I have encoun
tered 1n pregnancy began therr attacks early mn pregnancy when it was
shll feamble to interrupt Such cases have not yet been adequately
followed for expectation for hfe but they do not have a good group
prognosis Most of those whose symp have app
and stopped recurring at once after the pregnancy was mterrupted have
had recurrences months or years later It 15 generally believed that surg:
cal treatment of the mitral stenosis 1s strongly indicated for such patients
and 1f may be that surgical treatment during pregnancy 1s desirable under
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some arcumstances for example early in pregnancy, where interruption
1s dechined

Embolism In spte of all our care and treatment, congestive heart fail
ure 1s still the single greatest cause of death for cardiacs 1n pregnancy
Embol 1s the next e t cause (probably in some of these cases
congestive heart failure 1s the mamn cause of the thrombosis that resulted
1n death from embohism) In the present state of our knowledge I have
no firm plan for discouraging thrombosis and embolism 1 cardiacs 1n the
puerpenium  Certainly the need for usual precauttons agamnst venous
thrombosts 1s evident It 1s not dangerous to get the usual cardiac who
1s not 1n failure out of bed early in the puerperium and the usual simple
procedures for Leepmg the leg vems from undue congestion by “exercise”
and surtable pressure band of the legs are safe In recent years,
hgation and division of veins have been freely done 1n suitable cases The
results have been pleasing Anticoagulants have not been routmely
used by me They have been used m some of the cases that had vem
Ligation and dwision after operation It certamly 1s to be hoped that
the present active interest mn this subject will be sustamned and lead to
sound methods for reduction of the number of embolic accidents among
the cardiacs

SUBACUTE BACTERIAL ENDOCARDITIS

Before effective antibiotics appeared, subacute bacteral endocardifis
caused approximately one fifth of all the fatahities among the cardhacs
pregnancy There 13 nothing about pregnancy to make cardiacs more
susceptible to such mfections 1In fact, some recent statistics show that
cardiacs are less likely to have subacute bactenal endocarditis while preg
nant than they would be in usual conditions Delvery and the puerpe
rum however offer a chance for infechions In rare cases 1t 18 apparen
that symptoms of subacute bacterial endocarditis began shortly after
delvery One must cousider whether antibiatics should be given prophy
lactically My present plan 1s to give them after delvery to patients who
have aortic regurgitation and to patients who have a hstory of theumatie
fever and a loud systolie murmur, but do not have mtral stenosis, and
continue them until the patient 15 discharged I do not give anhibiohcs
to the patients who have uncomplicated mutral st but give them
freely 1f there 15 an unexplamed even slight fever or other symptoms
to suggest that there may be an nfection Curiously, careful statistics
gathered from large series of patients m several Boston hospitals #1o
died of subacute bactenial endocarditis hefore the mntroduction of pemt
cillin treatment have shown that among the marned women the chance
for contracting subacute bactenal endocarditss appears definttely Sreater
dunng the three or four months after pregnancy than at any other €
responding nterval of time The high madence of SBE 1n the puerpe?
1um 15 not well explamed by 1nfections started at delvery and the few day
thereafter One factor appears to be the natural tendency to postpor®
dentistry duning pregnancy and then to have the dentistry often extrac
tions 1n the few months after dehvery It 1s probably a good plan to tahe
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cultures before a cardiac 1s discharged from an obstetnic chme  Certamnly
blood cultures should be tahen 1if there 1s the slightest reason to suspect
an infection but this 1s not enough Specral observation should be con
tiued for the next few months

Since the introduction of pemicillin 1t has been shown that patients
can survive sul bactenal endocarditis that 1s d d and treated
during pregnancy and go through the pregnancy successfully From replies
to questionnaires that I have sent out and from my experience 1t appears
to me that the death rate 1s somewhat higher for SBE treated dunng
pregnancy than 1t 1s under other conditions and from observation of
mdividual cases 1t seems to me that women with S B E 1n pregnancy are
Iikely to show more severe symptoms and more evidence of depletion—
anemia even scurvy—than one commonly encounters 1n the disease n

gnant individuals It1s ble that where the disease 1s recogmzed

early m pregnancy interruption should be considered I have never rec
ommended this procedure but believe the question should be considered
unanswered until much more data can be obtamned Reports from ques
tionnares and my own expenence indicate that women who have been
cured of SBE are not likely to have a recurrence dunng later pregnan
cles Indeed all such patients that I have heard of and seen have gone
through the pregnancy and puerperium without recurrence A few of these
women have had antihiotics throughout the pregnancy and most of them
have had antibiotics for a while after delivery Such women should be
advised concermng their risk for pregnancy on the basis of their chrome
heart condition alone

RHEUMATIC FEVER AND PREGNANCY

This subject has interested a number of observers Others writing on
the heart 1n pregnancy ignore 1t Those that are interested in the subject
usually express and ¢ndeavor to support the opimon that active rheumatic
carditis 13 an mmportant factor 1n prognosis for pregnancy and occasionally
1t 15 suggested that pregnancy 1s hikely to provoke a recurrence or flare up
of rheumatic carditis 1n susceptible mdividuals Some have believed that
Pregnancy protects aganst rheumatic fever In my expenence defimte
theumatsc fever 15 rare in pregnancy and also cardiac findings that suggest
smoldering or active rtheumatic carditis Postmortem examinations at the
Boston Lying in Hospital have shown no evidence of active cardihs m
Ppatients with chromc rheumatic heart disease who died suddenly or after
a short 1llness m pregnancy Shght evidence of activity 1s usually found
in those who died 1n severe prolonged congestive fadlure but mn only one
case m the last thirty years has active rheumatic carditis appeared at the
Boston Lying in Hospital 1 the degree commonly found m children with
fatal theumatic fever The patients with chromc rheumatic heart disease
at this hosprtal averaged twenty seven to twenty-eight years Approxt
mately one fifth of the patients were twenty two years of age or younger
These younger patients had more recurrences of rheumatic fever than the
larger group of older women Altogether less than two per cent of my
patients have had any clear tion of of rh tic fever
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during pregnancy and 1n many of these cases, the diagnosis was question

able Rheumatic fever can occur in pregnancy but 1t 1s an unusual event
In my experience 1t occurs scarcely if any more often in pregnancy or
puerperium than 1 women of comparable age with chromc rheumatic
heart disease during a year of hving when not pregnant There are msuf

ficient data at present to indicate interruption of pregnancy for rheumatic
fever Interruption 1s for all we know just as undesirable as allowing the
pregnancy to continue It 1s, however certainly not far to encourage
married women with recently active or smoldering rheumatic fever to
become pregnant There are no clear data to gwde us i dectding how
soon after an attach of rheumatic fever 1t 15 advisable to undertahe preg

nancy Arbitrarily, one may advise a wait of at least two years Thereis
reason to believe that adding to the work of the heart has some effect
the development of valvular disease after rheumatic fever, and pregnancy
certainly adds to the work of the heart Stnce defimte data show that
recurrences of rheumatic fever are much less likely 1n women of twenty

three years of age or older than 1n younger women 1t 1s wise for the young
woman who has had rheumatic fever, even though free from 1t for many
years to postpone pregnancy until she 1s over twenty two years of age

DOES PREGNANCY, IF SURVIVED, SHORTEN
THE CARDIAC'S LIFE?

Independent studses of age at death of women with chronic rheumatic
heart disease have shown that those who bear children hve shghtly longer
than those who do not This 1s a pleasant 1dea But mdividual histonies
show that some cardiacs enter pregnancy in good condition and are left
with larger hearts and soon thereafter take a fanrly rapid downhill course
It 15 certamn that, in general the heavier the demand on the circulation
the faster the enlargement of the burdened heart chambers and the
greater the Iikelihood of fadlure It 1s not easy to believe that pregnancy
does not hasten the progress of chromc heart disease unless the norm
demands of pregnancy have been fully compensated for by careful r€g
mens designed to remove enough work ordinanly done to equal the added
work d ded dunng y The stabistics may be
affected by the fact that the worst cardiacs are not so ikely to get mare
and attempt pregnancy as are the cardiacs who are favorable, and less
handicapped The worse the cardiac the sooner she will die The bette‘;
cardiacs live longer and have more time and opportumity for marnage &%
pregnancy

A few belefs that have been expressed on the behavior of cardracs 18
pregnancy deserve brief comment  Cardiacs have easy labor’ “Cardiacs
miscarry 1f therr hearts fml”  Cardiacs who are mn failure or who have
auncular fibnllation do not become pregnant ” All these statements are
false ‘The last sentence quoted 1s particularly erroneous Cardiacs 001;
tinue to menstruate to almost the same age as normal women and mﬂ"ﬁ' #
cardiac invalid 1n chromc advanced congestive failure and with establs
auncular fibnllation has become pregnant
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ESSENTIAL HYPERTENSION

Because of the difficulty dunng pregnancy of distinguishing between
the toxemuas of pregnancy essential hypertension and hypertension
associated with nephntis and the fact that patients with hypertenston are
often seen by an obstetrician or cardiologist only after they have become
pregnant adequate data on the prognosis and treatment of uncomplicated
essential hypertension in pregnancy are laching Furthermore, the difficul
ties i subdnd, known individuals with essential hypertension into
varying degrees of severity have not yet been overcome It appears from
my expenience at the Boston Lying in Hospital and with private patients
that patients with mild degrees of essential hypertension are approu
mately as common among pregnant women as are patients with rheumatic
heart disease The maternal death rate 1s not quite as high among the
muld hypertensives as 1t 1s among the favorable cardiacs There1s how
ever a heavy maternal death rate for the patients who have severe hyper
tenston and those who with their hypertension have evidence of cardiac
enlargement and my dial change or symp of circulatory embarrass
ment The death rate among such cases 1s comparable to the death rate
among the unfavorable cardiacs Furthermore there 1s a belief not fully
supported but held by many observers including myself, that p 'y
tends to accelerate the progress of essential hypertension

The hypertensive patient who elects pregnancy should be guarded by
the same general rules that apply to the patient with chronic rheumatic
heart disease Obstetncian and cardiologist should work even more
closely together The difficulty mn assessing the symptoms of toxemia and
hypertension are so great that the experienced obstetrician must keep in
close touch with the patient particularly mn the last tnmester In hyper
tension with or without toxemua 1t seems that an essential point in
treatment of mother and fetus 1s to decide if and when pregnancy should
be terminated The rule Do not interrupt pregnancy when the load has
once become heavy before term for cardiac reasons * does not apply to the
hypertensive patient This whole subject needs more study and docu
mentation as of course does hypertension in general

Management of hypertension 1s much the same as under usual cond:
tions though closer watch on the possible effect of severe sodium and pro
temn restriction 1s clearly indicated and undoubtedly closer control of all
the stresses known to affect hypertension are needed than if the patient
did not have the stress of pregnancy itself The importance of the hyper
tensive albuminuna 1n pregnancy m the prognosis of women after success
{ul delvery was shown years ago when a very large senies followed for a
number of years had a mortahty rate several times that of normal expect
ancy

Though the vast majonty of cardiacs who become pregnant have
theumatic heart disease nearly all of the cardiac diseases discussed 1n
these volumes may occur 1n a t woman For )
complicated by each of the following and many other rare cardxovascu]ar
diseases have been discussed 1n the hiterature Complete dissection of the
aorta, complete heart block cardiovascular chances associated with
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hyphoscoliosts, atresia of the aorta, pregnancy imn patient with Wolff
Parkinson White syndrome When one encounters such and other rare
situations one must consult the special Literature or seek the specially
informed consultant Such rarties cannot be feasibly covered adequately
m volumes devoted to the whole field of cardiovascular disease such as
this Ths statement also applies to pregnancy in women with congenital
cardiovascular malformations
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Acute Pericarditis

Definition Acute pericarditis 1s an acute inflammatory process mn
volving the panetal and visceral layers of the pericardium Except for
the nonspecific (bemgn) type, 1t 15 alnays found in association with a

t disease a 2, or an nfl m tissues
and, as such should not be considered an independent entity but rather
a complication or extension of the underlying disease process

Etiology and Classifi Acute p ditis 15 due to a varety of
infectious agents as well as several nomnfectious causes It results in two
basic types of reaction  One consists of a fibrinous or serofibrinous exudate
with mmimal to absent fud (pericarditis sicca) while the other consists
of a fibnnous, serosanguinous or purulent exudation with the accumula
tion of an appreciable quantity of flud 1n the pericardial sac which may
i atself, become of climcal sigmificance (pencarditis with effusion) For
this reason, acute pericarditis has been classified at times according to
the nature of this reaction and whether or not an effusion 1s present
However the speaific etiologic agent 1s largely responsible for the seventy
and character of the pericardial reaction and 1s the determuning factor in
prognosis and treatment It 1s highly desirable therefore fo have as a
basis for the approach to the chimcal problems of acute percarditis, &
classification of a different order from that which 15 founded upon the
nature of the perscardial inflammatory reaction

The following classification gves one the proper perspective since the
type of pericarditis 1s 1immediately related to the associated disease or
causative factor and this orientation logically suggests a concise and
rational foundation for prognosis and treatment

A Rh 1s (rh fever)
B Acute nonspecific (benign) pericarditis
C Bactenal pericarditis

(a) Tuberculous pericardifis
(b) Pyogenic (purulent) pericarditis
D Nonbacterial
(a) M ¢ 21l anf )
(b) Uremuc pericarditis
E Traumatic pericardifis

There are other forms of acute pericarditis which are quite rare and
deserve only to be mentioned 1n passing These include perrcarditis asso
agqt
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ciated with disseminated lupus erythematosus and with infectious mono
nucleosss, cholesterol pericarditis, chylopericardium, and infections due to
echinococcus and fungus
Pathology Acute pericarditis begins as a localized inflammatory or a
nomnflammatory fibrmous reaction of the pernicardum It may remam
localized and confined to one layer of the pericardium Usually, 1t soon
spreads over the entire surface of the heart and mvolves both layers of
the pericardium In many types of acute pericarditis, the mflammatory
reaction extends down into the subepicardial myocardmm Varying
amounts of serous hemorrhagie, and/or purulent effusions may be formed,
the quantity varying from a few ec to as many as 3000 cc Locahzed effu
sions occasionally occur One of the wrters (WBP) has observed a
patient with tuberculous pericarditis who had an effusion localized over
the nght auricle and part of the nght ventricle The roentgenogram had
many features suggesting a large aortic aneurysm, and the chmcal picture
was quite similar to the syndrome of constrictive pericarditis
Symptoms Acute pericardibis may exist without the addition of any
subjective complaints distinct from those associated with the primary
disease, but there are two circumstances which give rise to new symptoms
The first of these 15 the inflammatory involvement of the paretal pert
cardum, particularly that which 1s contiguous to the pleura daphragm or
anterior mediastinum This gives mise to chest pain which 15 usually sharp
and kmfelike 1 character and may be intermittent or continuous It
varies in mtensity from mild to severe and 1s frequently aggravated by
respiration and other movements of the chest wall The area of distnbu
tion 1s vanable, being, at times, only remotely related to the precordial
area It 1s located most frequently over the lower sternal region or along
the left sternal border At times the pam radiates to or 1s localized to the
upper abdomen the left shoulder, and the left scapular area posterorly
It 15 an interesting observation that in myomalacic and uremic percar
ditis where the process 1s confined within the pericardial sac pam 15 never
a symptom
The second circumstance that accounts for symptoms 1s the develop
ment of a sigmificant degree of pericardial effusion This results 1 two
sets of symptoms those resulting from an increase in mtrapen‘x’rd'al
pressure and those due to the compression of adjacent structures by the
distended pencardial sac The first of these effects 1s dependent upon the
rate of formation and the quantity of the effusion A small effusion may
produce no symptoms, whereas a moderately large effusion (500 cc
put), which has accumulated rapidly, seriously interferes with cardia¢
fillng (cardiac tamponade) This produces a combination of ‘ef“’us
engorgement (‘ backward failure’ ) and dimimshed cardiac output ( for
ward falure’) Venous engorgement leads to nght upper quadrant P-’“’;
from distension of the hver and to varying degrees of edema of the feel
and legs The diminished cardiac output causes weakness and famtnesrse
Dyspnea and orthopnea may also be present, but these are related ﬂ]’]"w
often, to the fact that resprrations are painful, giving nse to rapid sha Oln
resprratory movements Large effusions produce these symptoms
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greater degree and n addition produce symptoms of extrapenicardial
compression such as cough cyanosr and 1 The
chneal picture i patients having Iurge eflusions may masquerade that
of advanced congestive heart failure The similarty of these symptoms
and altered circulatory dynamues to those occurring 1n congestive heart
failure may lead to the erroneous diagnosis of primary myocardial
msufficiency
Physical Signs The physical findings associated with acute pericarditis
are those phenomena caused by the fibrinous exudate and by the accumu
lation 1 the pencardial sac of an effusion sufficient 1n quantity to be
chmeally detectable
A to and fro friction rub over the p dial area 1s a ch teristic
finding and 1s sufficient evidence to warrant the diagnosis of pertcarditis
It 1s a scratchy, superficial sound often quite faint and must be looked
for mith diligence and concentration It 1s heard with greatest intensity
durnng held expiration, and may be audible only at this time This finding
15 more readily noted 1f the chest piece of the stethoscope 1s apphed with
moderate pressure and particularly so 1if the chest piece 1s of the dia
phragm type It must be searched for at frequent intervals for often 1t
15 evanescent and can be heard for only a brief time during the course of
the disease This sign may be mistahen for an endocardial to and fro
murmur and vice versa but this error in mterpretatmn 15 not probable
if due consideration 15 gven to the blished points in dff
diagnosis The presence of a pericardial friction rub does not negate the
existence of a sigmficant degree of pericardial effusion The heart tends
to fill the space between the sternum and spine and will remain against
the antenior parietal pericardial sac even 1n the presence of large effusions ?
A pencardial fnichion signifies pericardibis which 1mples that a large
effuston may be either in the making or 1s actually present
The physical phenomena which are caused by the accumulation of fluid
1n the pericardial sac can be divided into two groups those which are the
result of the enlarged pencardial sac and those which result from cardiac
tamponade
Signs of on Enlarged Pericardlal Sae 1 An increase in the supra
cardiac dulness 1n the second and third interspaces especially to the left
of the sternum 15 an early mign of effusion  This 15 ehaited by hght per
cussion with the patient 1n a recumbent position It will be noted that
the extent of the dulness lessens or disappears when the patient sits up
There 1s a high area of left auricular dulness and an increased area of
absolute cardiac dulness The left border of cardiac dulness 1s found to
extend beyond the apical impulse 1f this latter 1s discermble
2 The heart sounds are dimmnished 1n intensity and the apical mmpulse
15 Jess readily seen and felt
8 There are evidences of consolidation or atelectasis in the lower lobe
of the left lung (Ewarts sign) These posterior phenomena assume one
of two rather distinct types (a) Distant bronchial breathing and impaired
resonance are noted at the angle of the left scapula  With large percardial
ff these finding: to involve the entire left lower lobe
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Figure 1 Electrocardiogram Case of acute nonapecific pericarditi
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posteniorly closely mmitating a pneumonic consolidation (b) There are
the physical ph of p y ¢ lidation plus those of a pleural
effusion  These findings at tumes, are so stnhingly sumilar to those pro
duced by a pleural effusion that occasionally a pericardial sac 15 aspirated
posteriorly under the mistahen belief that 1t 1s a pleural eflusion It 1s
obligatory, therefore that some distinctive differential point be found to
aid 1n the climeal separation of pencardial effusion and pleural effusion
when these elusive phenomena are present It will be noted that the upper
margin of percussion dulness in patients with penicardial effusion reaches
1ts maximum height at the angle of the scapula descends downward 1n
the axilla reaching the lowest pomnt 1n the mud axillary hine then nises to
become continuous with the left margn of cardiac dulness An analysis
of this line of dulness shows 1t to be a reverse of the Elis  § shaped line
observed mn pleural effusion The major difference 1s the absence of
axillary flatness consistently found m pleural effusions The inverted S
Line has proven to be invaluable in differenttating pericardhal effusion from
pleural effusion when other confusmng phenomena ewsted over the area
of the left lower lung

Signs of Cardiac Tamponade 1 A pencardial effusion depending upon
1ts volume and the rapidity of its development may interfere with cardiac
filing and produce an inflow obstruction This causes a n<e m venous
pressure resulting 1n distension of the neck vems above the level of the
nght auncle an enlarged and tender Iiver and 1f this state contmues
widespread edema and ascites

2 The interference with cardiac filing also causes a reduction in cardiac
output and there results a fall 1n systolic and pulse pressure and an
increase 1n heart rate

3 Pulsus paradoxus occurs and 15 d by a
n pulse volume (and systolic blood pressure as noted on the sphygmoma
nometer) during inspiration This 15 a reversal of the normal respiratory
vanations of the pulse which consist of an increase during inspiration
and a decrease during expiration This phenomenon alse occurs i other
cardiac and pulmonary diseases and this fact greatly lessens 1ts diagnostic
sigmficance

Electr The ch h which occur 1n the elec
trocardxogram (Flg 1) consist of an ntial shght elevation of the ST
segment which persists for several days to a weeh or more Gradually
the ST segments return to the isoelectnic hine concomitant with the
development of low flat or shght to moderately imverted T waves These
changes may be present in only a few leads or in as many as ten leads of
the routine twelve lead elect d Th 1 elevation of
the S T segments (except sometimes 1n aVr) and the Q waves changes
which are charactenstic of myocardial 1nfarction are not seen In most
nstances the electrocardiographic changes return to normal after several
weeks although some ab hities persist mdefimtely The dewviations
occurnng m the electrocardiogram have been attnbuted to reduction mn
coronary blood flow resulting from the pressure effects of the pencardial
effusion on the coronary arculation However the withdrawal of pen

Frant o
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cardial fluid does not alter these changes 1n the electrocardiogram, a fact
which 1ndicates that the intrapencardial pressure 1s not concerned 1n the
pathogenesis of the electrocardiographic abnormalities It 15 generally
agreed now that the observed changes occurring 1n acute pencardibis are
due to 1nvolvement of the subepicardial myocardium by the inflammatory
reaction 1n the pericardum

Roentgenography  Roentgenographic examination of the heart m
acute pericarditis reveals no sigmficant findings unless an effusion 15
present under which circumstances there often are charactenstic findings
which may be extremely helpful 1n d Teleoroentg show
enlargement of the cardiac silhouette, the degree depending upon the

A B
FIGUREZ A Tel B X ) 1

Case of

tuberculous penicarditis with effusion

amount of effusion  The charactenstic change 1s a ¢ waterbottle ’ appear
ance to the cardiac shadow, which 1s narrow in the superor portion an
rounded and wide in the lower portion (Fig 24) The roentgenograms
should 1f possible, be made 1 both the recumbent and sitting POS‘“‘”’”:
since this will demonstrate the changes 1n shape resultmg from the effec
of altered posture on the distnbution of the pericardial effusion he

The fluoroscope 1s useful 1n determimng the size and shape of :he
cardiac shadow but, m addition, 15 particularly valuable for studyng the
amplitude of cardiae contraction which progressively decreases as o
quantity of pericardial flmd increases This finding at times may }i;e 4
marked that no pulsations are seen and a picture approaching 28 ea
heart results

The kymograph (Fig 2B) 1s another means for studyn
and character of the heart s contracting waves Itis doul

the amplitude
nlftful whether 3t



ACUTE PERICARDITIS 387

gives more data than a careful fluoroscopic study except that a permanent
record of the motions of the heart border 1s obtained

Roentgenographic studies done after aspiration of flnd and the 1njection
of 100 to 150 cc of arr (Fig 3 A and B) 1s often quite revealmg and gives
addifional useful information The size and shape of the heart, the
presence or absence of tumor masses and the thickness of the pericardium
can be determined by this means

Other Findings Fever, leuhocytosis and an elevated sedimentation
rate occur 1n acute pericarditis Where the pericarditis 1s a part of some
other disease process these changes conform 1n general to those assoa

FiIGuRE 3 A Tel Say
case as Fig 2 foll and the introd of 300 cc of arr

ated with the primary dxsease and are not matenal]y altered 1n degree or
haracter by the addit ¥ reaction in the penicardium
Nonspeaific penicarditis which usually follows a previous upper respiratory
nfection, has fever leukocytosts and an elevated seimentation rate as
the imtial features of 1ts onset Tut loss of the pericardium 1s Ltk
distmctive, for a moderate leukocytosis 15 usual mn serous membrane
tuberculosts whereas the leukocytosts 1s shght 1if any 1n uncompheated
pulmonary or glandular tuberculosts
Differential Diagnosis The pericardial frictton rub may be confused

with endocardial murmurs but this 1s rarely a problem 1n differential
diagnosis 1f careful attention 13 paxd to the auscultatory findings Occa
sionally the diastolic murmur of aortic or pulmome msufficiency which 1s
heard quite well along the left sternal border may resemble the diastolic
component of a pencardial friction rub  Usually however this murmur
1s soft and blowing and does not have the fi h 15
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tics of a frichion rub  Further, any systolic murmur associated with such
a diastohc murmur generally 1s qnte harsh and 1s defimtely lower in
pitch and bears no similanty to the systolic component of a frction rub
The combination of signs and symptoms of venous congestion with
findings suggesting enlargement of the heart may present some diagnostc
difficulties between pericarditis with effusion and congestwe heart failure
on the basts of myocardial and/or endocardial disease Cardiac dilatation
and pericardial effusion do, at times, have a superficial smlanty The
history of the illness 1s most helpful i this differentiation, for the causes
of myocardial failure are distinctive and quite different from those occur
ning in patients with acute penicarditis The presence of a gallop rhythm
and more distinct heart sounds distingmish myocardial failure from pen
cardial effusion Likewise careful comparison of the findings of palpation
and percussion will indicate that the left border of cardiac dulness extends
beyond the apical impulse 1n pericardial effusion The circulation time
(arm to tongue) has been reported by Bellet et al (1951) to be normal
or only slightly prolonged in pericardial effusion and, therefore, useful as
a differential finding from cardiac dilatation where the circulation time 15
always prolonged This appears to be a helpful differential pomt, but
our experience 1s not specifically diagnostic 1 all cases Fluoroscopic
examination of the heart generally 1s most helptul smce the amphtude of
cardiac contractions are much less and may be entirely absent, i pent
cardial effusion as compared to those seen 1n a dilated heart This 15 not
mvanably so because, ;n some nstances, a tremendously dilated heart
may have very feeble or imperceptible pulsations of the cardiac borders
Rarely, a diagnostic pencardial tap may be required to makhe the cifferen
tiation We have had the experience recently of following a patient for
many months with the diagnosis of 1diopathic cardiac hypertrophy and
fibrosis until someone had sufficient doubt as to the correctness of the
diagnosis to do a pencardial tap which revealed a large pericardial
effusion  Angiocardiography 15 very helpful 1n the differential diagnosts
stnce 1t will demonstrate the small heart chambers m the larger area of
penicardial effusion  However, this 1s a somewhat formudable procedure
and should be used 1n only the difficult situations where differentiation 15
of critical importance to the patient and cannot be made by other means
The differentiation of coronary occluston with myocardial infarction
from acute pericarditis particularly the nonspecific type, has been rel
ceving increasing attention m recent years The sudden onset of substerna:
pan may suggest a myocardial infarction and 1n occastonal nstances,
the differentiation may not be apparent for several days or more In the
typical case the sharp character of the pam with 1ts restnictions on res(pld
ration, the presence of a friction rub fever leukocytosis and elevﬂhfc
sedimentation rate on the first day of 1llness, and the electrocard|ozl‘al}’m;‘
findings serve to wdentify the episode as acute pencarditis rather
acute myocardial infarction n
Primary or secondary tumors of the pericardium may give re¢ to P’f‘he
carchal effusions and other phenomena suggesting acute pencardms o
Tustory 15 usually quite helpful 1n making this differentiation The &P
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rated pericardial flmd s mearly always hemorrhagic and may contamn
tumor cells when suitably stamed X rays taken after withdrawal of flud
and 1njection of air into the pericardial sac frequently demonstrate the
tumor mass In some instances pencardial exploration and biopsy may
be necessary

Acute pericarditis at times 1s p d by very conf; abdom
mal symptoms, simulating so perfectly some acute ntra abdominal
pathology that useless operations for suspected surgical diseases have
been done This 1s particulatly true of nonspeaific pencarditic where

bhd 1 pain and tend ss may be the only symptoms for the first
few days This error will be avoided 1f due consideration 1s given to the
entire cimical history and to a careful examination of the heart 1°

Treatment The specific treatment of acute pencarditis vames with
the eticlogical nature of the disease  When 1t occurs during the course of
any primary disorder 1t may or may not require additions to or modifica
tions of the therapeutic regumen already instituted (see Speaific Types of
Acute Pericarditis)

Regardless of the type of penicarditis thoracic distress and pamn are
prominent symptoms and require therapeutic control A lghtly filled
1ce cap placed over the i freq ly gives derable comfort
and should be tned routinely As a rule the use of opiates 1s indicated
and required 'These not only relieve pam but promote sleep and lessen
the patient s anxiety which at times 1s most distressing

Perleardial Paracentesis When pencardial effusion 15 of sufficient
degree to cause cardiac tamponade or sertous compression of lung tissue
pencardxal paracentests must be done promptly to relteve the arculatory

and/or respiratory distress There are several sites at
which pericardial taps can be made The apical and subxyphoid are the
ones most commonly used with the parasternal routes and the postertor
thorax route employed less frequently 7 The site selected should be the
one most suitable for the particular patient as determmed by careful study
of the patient including PA and oblique chest x rays and cardiac fluoros
copy It will be found that just within the outer border of cardiac dulness
(1to 2 cm outside of the apex impulse 1f perceptible) 1n the fifth or fourth
intercostal space (apical approach) 1s the area of chorce in the majonty
of patients The second commonest choce 1s the pont formed by the
Junction of the ensiform process and the left costal arch (subxyphoid
approach) In this approach the patient s body should be elevated thirty
to forty degrees and the needle directed shightly upward This site 1s
particularly useful when there 1s a large effuston which tends to recur
rapidly and 1t 1s desirable to empty the lower part of the pencardial sac
It 15 also the route of choice i instances where the amount of flud 1s
considered to be shight or queshonable When the effusion projects
unusually far to the mght the needle may be inserted in the fourth
intercostal space 1 cm to the nght of the sternum In the rare case where
flwd 15 not obtamed from the anteror sites and there are well developed
posterior compression phenomena (Ewart s sign) the posterior thoracic
approach can be utilized The needle 15 1nserted 1n the seventh or exghth
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ntercostal space in the midscapular line with the left arm raised to
hit the scapula upward and outward from the site of puncture Ths site
for paracentesis should not be chosen if purulent pericarditis 15 suspected,
for the danger of pleural infection by the contaminated needle 1s great

The site selected for the puncture should be anesthetized adequately
with a local anesthetic (two per cent procamne) It 1s desirable to use a
No 27 needle to infiltrate the skin and chest wall, including the pleura
and sufficient time must be allowed for the anesthetic to tahe effect before
the exploratory needle 1s mnserted If the patient 1s distressed by pam,
breathlessness and anxiety, the procedure should be preceded by an
opiate admmstered hypodermically The patient should be placed m a
sitting or semsithng position The aspirating needle should be either
No 20 to No 18 gauge and have a short bevel A 30 cc glass synnge 15
a conventent size which 1s attached to the needle by a piece of rubber
tubing, 4 em 1n length, which allows some movement of the needle if 1t
comes In contact with the heart

Regardless of care used, the heart 1s occasionally felt aganst the trocar
and the ventnicular wall may even be perforated without harm but mjury
to a coronary artery may be serious This fact emphasizes the importance
of assuring a patent lumen by the use of a stilet and the choice of a needle
with a short beveled point

SPECIFIC TYPES OF ACUTE PERICARDITIS

Rheumatic Pericardiis  Pathology Rheumatic pericardbis 15 2 part
of the carditis that may occur during the course of active rtheumatic fever
It 15 doubtful 1f 1t ever 1s present as an 1solated rheumatic lesion, or, at
least 1t would be most uncommon for 1t to be recogmzed as such It
consists of a fibrinous or serofibrinous inflammatory reaction mvolving
the entire pericardium The cellular exudate 1s made up of plasma cells
and Iymphocytes and usually extends mto the subepicardial tissues The
mass of fibrin may be quite dense and firmly adherent to the serous
surfaces Typical Aschoft bodies are seen at times and, when present, are
d tic but their ab does not exclude the rheumatic nature of this
type of penicarditis A small or moderate amount of fimd may be found
between the fibnnous adhesions sometimes defintely loculated On Ow‘l
stons, there may be an appreciable quantity of fluid free in the pericardia
cavity as a defimte effusion This flud 1s serous m most cases but may
be serosangumecus particularly 1n fulminating cases

Clinleal Features The climcal behavior of rheumatic fever 1s no mdex
to the probability of penicarditis Rheumatic pericardibs 1s not unusual it
pattents in whom the other mamifestations of the disease are so mild that
they are entirely 1gnored by the indrvidual but generally, it 15 seen 1%
patients rather acutely ill with active rheumatic fever Thomas ¢f 6 :
have emphasized the differences in the chmical features and prognoss ©
rheumatic pericarditis with an effusion from that without an effusion The
latter 1s a relatively umimportant early mamfestation of active cﬂrd;hii
whereas the former occurs later on 1n the course of rheumatic fever 2o
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15 much more serious 1n 1ts implications A pencardial friction rub 1s the
charactenstic finding There may be no other alterations in the climical
course of the rheumatic fever although at times there 15 an associated
mcrease 1n many or all the evidences of active disease  Sigmficant amounts
of pencardial eflusion commonly are present but the quantity 1s not
climeally detectable since, ordmanly 1t 1s impossible to determme how
much 1s effusion and how much 1s cardiac dilatation secondary to the
rheumatic myocarditis This problem does not introduce serious difficulties
for the reason that 1t 1s doubtful whether one 1s ever justified 1n assurmung
that effuston accompanymg rheumatic pericarditis 1s of sufficient degree
to require aspiration

Treatment The occurrence of acute pencarditis as a complication
dunng the course of acute rheumatic fever 1s a somewhat omnous
development and requires an tion of the tl 1c
already instituted whether salicylates antibiotics and/or adrenal steroids
It 1s an indication that the underlying disease 1s still quite active or that 2
recrudescence has occurred It generally responds very well to adrenal
steroids and these should be given or remnstituted if they have been
discontinued previously

Acute Non Speafic (Bemign) Pericardihs  Pathology The pathology
of this condstron 15 not known too well because the disease 1 practically
all cases runs a benign course without fatahity and postmortem studies
therefore are scanty Itis considered to be a serofibrinous type of inflam
matory reaction nfectious 1 nature and probably viral in ongin The
amount of pleural effusion 1s usually small and n the majonty of those mn
stances where aspiration was done has been found to be serosanguinous 11

Clinical fFeatures This condition 15 generally considered to be a bemgn
self hmiting disease lasting one to three weeks from which recovery 1s
complete and without sigmficant sequelae ° However 1n a recent report
of twenty four cases of bemgn pencarditis 3 two cases later developed
constrictive percarditis which 1 pencarchal six and
twenty months following the acute episode It 1s more commeonly encoun
tered 1n adults but cases have been reported in the pediatnc age group *
The disease begins during or folloning a nonspecific resprratory mfection
with the rather sudden onset of chest pain and fever The character of
the pain vartes from patient to patient beng described as ‘sharp

kmfe bke sometimes dull and occasionally as crushing  The
ntenstty vanes but 1s always suff to require d for rehef
The commonest location of the pain 1s along the left sternal border or
over the lower sternal area but at times 1t1s noted in the epigastric area
and less frequently over the precordium and 1n the left shoulder Asso
cated with this pamn there 1s sometimes felt a deep substernal soreness
simular to that felt after physical injury to the sternum Both the pam
and soreness are aggravated by respiration cough and other movements
of the chest The pawn 1s a much more and
n nonspecxﬁc perxcardlhs than 1n other types of acute pencardxt:s 'I'he
pam Jually mn over a peniod of several days to
a week
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A pericardial friction rub sometimes lasting for many days, 15 the most
significant physical phenomenon In one of our cases the friction rub
was present for twelve days Pericardial effusion does not occur 1n
amounts sufficient to be detected on physical examination Teleoroentgen
ograms have shown an merease 1n the size of the cardiac silhouette at the
ouset of the disease and a reduction 1 size following recovery This has
been attributed by some wniters to cardiac dilation€ but 1t 1s the authors’
opunion that this 1s due to pericarchal effusion alone Recurrences, appar
ently, are quite common, occurring in thirty per cent of the cases reported
by Tomhn, Logue and Hurst 14

There have been reports of fatalities 1n this type of pericarditis from
the use of anticoagulant drugs, 1n the mistaken belief that the pahent had
an acute myocardial mfarction Death was due to extensive hemopen
cardium  This pomts out the importance of differentiating this disorder
from myocardal infarction (see Differential Dragnosis)

Treatment Therapy 15 essentially symptomatic 1 nature smee the
disease 15 self Imuting Tt has not been demonstrated that antibiotics are
of any particular value, but, 1n view of the probable wiral etiology, it
Seems wise to undertake some type of specific therapy At the present
time tetracycline 05 Gm four tmes daily for a perod of ten days fo
two weeks seems the preferable therapeutic agent The adrenal steroids
have been used 1n the treatment of this condition with dramatic improve
ment reported It seems doubtful that such therapy 1s indicated 1n the
average case although its use might be considered 1f the course 15 unusnally
acute or unduly prolonged

Tuberculous Pericarditis Pathology Tuberculous pencardm‘s 15‘1“1
tnflammatory reaction of the pericardium sh h astic t
epithehond cells subsequent hyalmizing fibrosis and scattered giant cells
The myocardium and ummediate epicardial layer of fat are rarely, if ever,
mvolved although encapsulated tubercles are occasionally found mn the
myocardium  The epicardial fat layer 15 often thick ‘The actively grami
lating outer surface of wflammatory tissue, which 1s vascular and 1
which fibroblasts are prohferating, greatly favors the formation of adhe
s10ns, which may become generalized and dense B

Clnfeal Features Tuberculous pericarditis occurs more often by the
direct spread of mfection from caseous mediastinal lymph glands or fmn;
clinscally quiescent pleural or pul y foer O lly 1¢ 15 a part O
multiple serous membrane tuberculosis or of mihary tuberculoss The
cliuscal course 1s both elusive and variable and the condition, therefore, 1¥
frequently confused with other diseases It 15 a serious disease yet, many
cases do go unrecognized and recover with slight disability 'The diagnosis
15 made on the basis of the chmcal history, x ray studies, and 1;‘;":
bacteniologic examination of the aspirated flurd  In those instances ¥ ede
the bacteriologic results are negative a presumptive diagnosis can be m}l .
on the history and course of the disease and the demonstration o n
thichened panetal penicardium as seen on chest x ravs tahen alter injectio

of air mnto the pencardium Those cases presenting the sympio“;:ﬂ’:";c
signs of massive pericardial ¢ffusion may be confused with heart
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when prolonged subacute tamponade has resulted in extensive edema,
enfarged hiver and venous congestion yet the probabaity of error s
remote 1f reasonable care 1s exercised

Treatment The treatment of tuberculous pericarditis 1s an mdividual
problem In all cases however, the estabhished therapeutic prninaples for
active tuberculosts must be ngdly adhered to 1n an effort to arrest the
active lesions Effusions when they occur are usually quite large and
repeated aspirations may be required While there 1s some ment i the
jection of air mto the pericardial sac after asprration of flud at least
from a diagnostic point of vien there appears to be considerable doubt
that this 1s of any therapeatic value as was thought earher

The introduction of the antimicrobial agents particularly those effective
agamst the tubercle baciilus has altered the therapeutic approach to
tuberculous pericarditis and bhas modified to a considerable extent the
climcal course and ultinate outcome of such diseases The management
with these newer agents has not been definitely established and 1s still 1n
the exploratory phase There 1s no question as to thewr efficacy, but the
problems of preferable drug and proper dosage remamn to be settled
Streptomy cin alone has been used to some extent? 1° and with good results
but a more recent agent 1soniazid appears to be the drug of choice since
1t has the best penetration and 15 more hkely to reach the deepseated
tubercle bacdl: in a A o! ‘The ded dose 1s 100 mg
three times daily In addition 1t appears advisable to supplement this
drug with either streptomycin 0 5 Gm twice weehly or para amnosahicylic
acid 30 Gm four times daily 'The general trend 1s for prolonged drug
treatment of tuberculosts so therapy should be continued for a period of
twelve to eighteen months 1rrespective of the fact that laboratory and
other evidences of actiity subside prior to this This therapy can be
contmued on an ambulatory basts at home after the initral acute mam
festations have subsided It remamns to be seen how this therapy wll
alter the course of this disease, and particularly how 1t will modify the
chronic changes we have expected 1 the past

Pyogenic Pericarditis Pathalogy P}ogemc pericarditis 1s due most

ly to the p oceus or stapk less tly to the

7

streptococcus and rarely to colon bacillus Bacillus
Bacillus tularensis and Bacilus influenzae Except for mfection following
direct trauma, 1t 1s always secondary to a pyemia elsewhere 1n the body
It occurs most commonly from diect extension of an adjacent intra
thoracic inflammatory process such as purulent foci in the lungs or
mediastmum It 1s due less frequently to a bacteremia as occurs m
acute bactersal endocarditis or in a metastatic mvaston from a distant
focus such as osteomyelitis It may be a localized or generalized purulent
nflammation of the penicardial sac with generally some infiliration mto
the adjacent myocardium There 1s a small to moderate amount of puru
lent flud which vanes 1n consistency from thin to quite thick

Clinleal Features Pyogenic pencarditis 1s seen less frequently now,
probably due to the widespread use of the newer antibiotic drugs which
effectively control the pnmary foct of mfection that otherwise, would
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give rise to secondary nvasion of the pericardium As 1n other forms of
acute penicarditis, the onset may not cause any symptoms m addition to
those peculiar to the disease, of which 1t 1s a compheation However, when
a patient suffering with acute osteomyehtis, emphysema, pulmonary sup
puration or suppurative peritomitis continues to be ill 1n spite of adequate
therapy purulent pericarditis should be looked for as a possible complica
tion The development of precordial distress and breathlessness along mith
the symptoms of sepsis demands a careful search for the physical phe
nomena of penicardial disease 'There are diverse opinions as to the relatne
value or danger of a diagnostic pericardial paracentesis 1 suspected pyo
perrcardium  Except for surgical penicardiostomy 1t 15 the only way to
make a correct diagnosis and obtain matenal for sensitwity studies both of
which are extremely 1mportant if treatment 1s to be successful If properly
performed, the implied dangers are ummportant 1n companson with the
value of the procedure As far as possible, aspiration through normal lung
tissue should be avoided
Treatment Every effort must be made to determine the existence of
purulent effusion at the earliest possible moment by the use of a diagnostic
pericardial puncture Culture of the flud obtaned and determmnation of
the orgamsm responsible and 1its sensttivity 1s necessary for determiming
the proper antibiotic therapy to be imstituted In general the dosage
should be massive and continued for about two weeks after all evidences
of active infections have subsided Pneumococcus and staphylococcus
orgamsms are the ones most ly tered If pi 1
mnfection 1s suspected at the time of the mmtial diagnostic tap, 50 000
umts of perucillin can be mstilled into the pericardal canity In addition
pemcillin 1n large amounts one to two and a half million umts every three
hours should be admimstered If staphylococcus, or other orgamsms, are
the offending orgamisms sensitvity studies are mandatory m order to
determune which agent will be effective Use the two drugs found to be
most effective most likely pemailhn, one to two and a half mllion umts
every three hours, erythromyemn 40 Gm daily, and/or chloramphenicol
40 Gm daly
The need for surgical pencardiostomy and drainage as treatment
less imperative now that satisfactory antimicrobial agents are av:n]ablet
Expenence has been too lumited to draw any final conclusions but 1
seems probable that surgical treatment 1n the acute stage can be dispel
with if early and adequate antibiotic therapy 1s snstituted
Uremic Pericarditis  Uremic pencarditis 1s a nomnflammatory fibnn
oushike exudate over the surface of the pericardium which occurs dul";‘g
the terminal stages of renal failure from glomerulonephntis, nephrosce
rosis and pyelonephntis It does not take the charactenstic fibnn stas
and hustol lly 1t has the ch 1stics of a protem precipitate 'n":’;
15 no mvolvement of the underlymng myocardum It 1s never asswg ;S
with an effusion unless 1t becomes secondanly infected Uremc penicartt te
does not justify more than casual Jeration m a di of Bc:‘hc
pencarditis, for 1t 15 not imfectious 1n ongin and 1n no way “"e"smg
chmical course of the primary disease It 15 considered an omnous P

seems
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nostic sign so far as the renal failure 1s concerned No particular therapy
1s indrcated

Myomalacic Pericarditis It 1s probable that whenever a patch of
myomalacia {myocardial infarction and/or degeneration) occurs at or near
the surface zone of the myocardium there develops a mild localized
fibninous inflammatory reaction involving the adjacent epicardium  This
process 1s charactenzed by some edema a mild round cell infiltration and
some engorgement of the small capillanies 1n the epicardium  This process
tends to spread laterally and may ivolve a larger area of epicardiuum
than 1s represented by the underlying myomalacic patch It has no chinical
sigmficance other than indicating the presence of a subepicardial myo
cardial infarction and no speafic treatment 1s required

In this connection however 1t 1s well to pomnt out the possibiity of
hemorrhagic pencarditis dary to hypoproth oceurrning
during the course of anticoagulant therapy n myocardial mfarction !
The pencarditis of uncomplicated myocardial infarction 1s of brief dura
tion A persishing pencardial friction rub or the appearance of such a
sound after the second week of the disease 1 a patient on anticoagulant
therapy should make one suspicious of a complicating hemorrhagic pen
carditis  Ewvid of the devel t of a pericardial effusion makes
such a diagnosis almost certain 1n a patient on anticoagulant drugs who
shows a sigmficant depression of the prothrombin actiity This condition
should be Lept 1n mind as a possible comphcation 1 the course of ant1
coagulant treatment of myocardial infarchon Early recognttion 1s 1m
perative since 1t may prove fatal if corrective therapeutic measures are
not instituted promptly

Yraumatic Pericarditis  Traumatic pencarditis occurs as the result of
2 penetrating wound of the pericardium and 1n a few ipstances from a
nonpenetrating blow to the anterior chest A fibnnous exudate and
hemopericardium develop as a result of contusion and laceration of the
pericardium  rupture of a coronary vessel or from perforation of the heart
wall The chimcal features are those of pencarditis wath or without an
effusion occurring 1n a patient giving a history of a pror chest mjury
‘The hemopericardium may be of sufficient degree to cause tamponade of
the heart which should be treated by repeated aspirations as needed In
the absence of tamponade 1t seems wise to aspirate as much of the effusion
as possible since there 1s some evidence to wndicate that the hemopen
cardium may become orgamzed and fibrotic and lead to constrctive
pencarditis This can be done quite adequately by needle aspiration 1n
the vast majonty of cases but lly surgical per d y
will be needed

In penetrating penicardial wounds where there 1s contammation with
Pyogenic orgamisms a purulent penicarditis will be supenmposed on the
hemopencardium Ths 1s treated 1n a similar fashion to other forms of
Pyogemic pencarditis
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Chiome Constiictive Pericarditis*

Introduction  Preparation for a new edition of this work has enabled
me to review with my assomates 1n particular Dr John C Dalton the
new cases and expenence that we have had since the last edition which
presented our experience up through 1948 There have been added to the
fifty three patients at the Massachusetts General Hospital reported before
another twenty five cases malung a grand total of seventy eight It 1s
mn large part through our expenence with this group of new patients that
mod; of our p has

Definition Chromc constrictive pencarditis 1s a disease consisting
pnmanly of obstruction to the dlastohc ﬁllmg of the heart because of the

of dense d h Ily d d

Sometimes called by the unsahsfactcry desngnatmn Pick s disease T
this malady has become a subject of mcreasing interest and importance
during the past three decades The reasons for this are two In the first
place the condition has been one easily mistaken for something else and
secondly 1t 1s now posstble 1n many cases to effect a cure by proper treat
ment whereas m the past there was no adequate treatment and the disease
was as hopels and 1y carrying with it years of
nvalidism

Etiology and Pathology Chronic constrnictive pericarditis always fol
lows acute perrcarditis which may or may not itself be constrictive Some
times 1t 15 possible to follow the course of the case from the beginning of
the acute pericarditis right through to the stage of chromc constrictive
Penicarditis over a period of months to years In a good many cases how
ever 1t 1s inpossible to make such an observatwn the acute pericarditis
having been very d and fi t

The majonty of the patients are young (children or young adults) but
the disease may appear in muddle age Both sexes are affected In the
writer's series of seventy eight cases fifty nine were male and nineteen
female The ages (1n years) at which the disease became mamifest were
as follows to nine years two cases ten to mneteen fifteen cases twenty
to twenty mine fifteen cases thirty to thirty nine sixteen cases forty to
forty mine mneteen cases and fifty to fifty mine eleven cases Thus there
were only thirty of the seventy eight cases i whom the disease became

Also called Pick s dlseas(- concretm cordis and chronic compression of the heart
1 Chevers 1n 1842 good of chrome
more than fifty years before 'Plcl\ (1896)
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’

apparent after the age of forty, tt 1t 1s prepond ly the result
of infection 1n youth and commoner 1n males

As a rule, the thickening of the pericardium consists of a fibrosts, the
cause of which 15 usually undeterminable when the tissue 1s examined
Simply evidence of the result of inflammation 1s found, without defimte
ndication of the cause of such nflammation In some cases, tuberculosis
15 discoverable, 1n a few other cases, some septic nfection, and m shll
other cases a reaction associated with polyserositis attending a pneumonia
or other infection In most 1nstances the etiological factor 18 unkhnown or
obscure In only very rare cases 1s rheumatism even a possible causative
factor In the series of seventy eight cases observed by the wrter at the
Massachusetts General Hospital (proved by operation or otherwise), rheu
matism has been the cause 1n no case In all probability tuberculosss 15
the commonest cause of chronic constrictive pericarditis 1t was the only
clearcut factor in any cases (eight) of our series Dr George Picherng
of England and others also have observed the actual evolution of chronic
constrictive pericarditis n the course of years from acute and subacute
tuberculous pencarditts n tuberculosis samtaria and other such mstt
tutions

The perncardial sac may or may not be obliterated, usually 1t 1s It 15
to be recogmzed at the outset that obliterative pericarditis 15 not synon
ymous with chronic constrictive pericarditis, since most obhiterative pert
carditis does not constrict the heart at least to any serious degree Both
layers of the pericardium may be much thickened to cause the constnc
tion or either layer, epicardium or paretal pericarduum or both may be
so firmly adherent that 1t 1s impossible to separate them or to distinguish
which 1s the more thickened The thichemng of the pencardm may be
umwversal or only over certamn parts of the heart In order to have the
mmportant constricting effect however, the amount of penicardium mvolved
15 usually considerable The posterior surface of the heart 1 ¢ over the
left ventricle and left atrium, may be more or less mvolved than the
antertor surface ¢ e over the nght ventncle and nght atrum The great
vemns may or may not be constricted at therr junction with the nght
atnum There may or may not be find 1n the pencardium i addibon to
the thichening When flud 15 present i the pertcardwum  the constriction
may be due more to the flud than to the chrome thickemng of the pert
cardium ttself such a state 1s not stnetly to be designated chrome con
strictive pericarditis since nearly all flurd accumulations occur during acute

or subacute mvolvement of the pericardium and should be classed under
the d tion acute or sub e constrictve pericardits (carduac tam
ponade)

Celeification may be super d as a plicat, n chronic pert
carditis It has been present in about one third of the writer 5 €a5€S But
agan there must be a clear differentiation between calcification of the
pertcardium and chromic constrictive pericarditis There may be exther
without the other

Polyserosttis (sometimes called Concato s disease) has a
neously been regarded as synonymous with chronic cons

t times erre
trictive pert
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carditis To be sure chronic polyserositis 1s frequently found with chronic
constrictive pericarditis, and acute polyserositis may precede chromc con
strictive pencarditis, but again, either may be present without the other

Chronic pleuntis with adhestons 1s & common and relatively unmm
portant finding after poly: tis but on it b s0 severe
that, as 1n the case of the penicardium 1t becomes constrictive and gives
nse to a condition that has been labelled by Dr C S Burwell as chronic
constrictive pleurttis

Ficure 1 Heart encased n constncting pericardial sac Note the fibrosed pert
cardium as thich as shoe leather (Courtesy of the Lancet London )

Perthepatitis (frosted or iced hver or Zuchergussleber), and pensple
nitis belonging to a chromic pentomtis may be a part of a polyserositis
but they have sometimes been incorrectly attributed to chromic constric
tive pencarditis itself

Finally thick external adhesions binding the heart to the chest wall
may or may not complicate chronic constnctive penicarditts  They are not
part of the picture although it 1s usual for the heart to be adherent to the
diaphragm
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Diagnosis No one finding 1s conclusive for the diagnosis of chronic
constrictive penicarditis Use must be made of the assembly of all aval
able information, including history, physical examination, and laboratory
data, particularly electrocardiography and x ray study

4 B ¢
FiGURE 2 A Ten years old showng the marked ascites engorged nech veliy
and mal h. of ad d chronic ve pencarditis

Same case two years later six months after surgical cure C After another si%
years shll showing a normal state of the eirculationt

Probably the most important diagnostic clue of all 1s the deve]o}"“"”’fst
1 a young or middle aged indwidual of evidence of mcrease m the &
temic venous pressure, consisting of engorgement of the nech \em;, rigt
largement of the lver, dependent edema and actual ncreasc 1n f'm
venous pressure (above 10 cm of blood or water) n the absence oot
dence of heart disease and provided acute pencarditts with effuston 1
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the cause That 1s, the slow onset of dropsy, particularly evidenced by
enlargement of the abdomen should cause suspicion of the diagnosis Liver
enlargement alone 1s not indicative of the condition, because there are
many other causes for & big liver Liver enlargement and evidence of
increased systemic venous pressure are suggestive of the condition but
beart disease with failure 1s the common cause of such findings, and these
must be ruled out at the start The ascites that 1s so frequently present 1s
1n Jarge part merely secondary to the hver engorgement

Lead Lead Leed
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It 1s true that increase m the size of the abdomen due to enlargement
of the Lver and ascites 1s predominant and often one of the earliest signs
but there are exceptions to thw rule Sometimes the edema first appears
n the feet and sometimes the edema of the legs 1s at least as great mn
degree as the enlargement of the liver and ascites This vanation 1s proba
bly due to the variability of the relative ncrease in pressure in the hepatic
vemns and 1n the inferior vena cava There 1s also sometimes shght edema
of face chest wall orarms especially after recumbency

It 1s of great amportance and help in the diagnosis to have had a clear
history of acute penicarditis with friction rub or effusion preceding the
s1gns and symptoms of chronic constrictive pericarditis by months or years
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Other signs that are helpful 1n establishing the diagnosis are a small
artenial pulse pressure with a tendency to the so called paradoxical pulse
(a sharp decrease m systohc and pulse pressure during insprration) and
the tendency for the heart to remain fixed n 1ts position during respira
tion and change 1n position of the body It 1s possible, however, to have
the heart chromcally constricted by a thichened pencardium while 1t
remains completely or almost completely mohile, due to the fact that there
are no important external adhesions Broadbent s sign 1s generally absent

The size of the heart may be normal or shightly to moderately increased
1t 15 never markedly increased when an uncomplicated case 1s dealt with
and most of the cases are uncomplicated There are no mmportant mur
murs although systolic murmurs at the apex are not rare There 13
frequently a loud third sound 1n early diastole heard best at the left of
the sternum 1t 15 not diagnostic Normal rhythm 1s the rule 1n some
cases however there 1s atral fibnllation It was present m twenty two
(twenty eight per cent) of the author’s seventy eight cases And in a few
cases (four) there was atnal flutter In very mnfrequent cases there may be
independently, heart disease and chronic constrictive pencarditis The
writer has encountered two such cases one with congemtal heart disease
and one with rheumatic heart disease

The symptoms are relatively ummportant There may or may not be
dyspnea There may or may not be weakness There may or may not be
malnutnition (in the severe cases this 1s practically always present)
There usually 15 no pain The patients tend to be sem nvalids

Laboratory data are of considerable help, especially electrocardiograms
Almost mvanably the electrocardiogram shows erther low voltage of the
QRS waves 1n the classical limb leads, or abnormalty of the T waves
(flatteming or inversion), or both The electrocardiograms 1n some of the
cases resemble those of coronary heart disease, but the changes aré Jess
charactenstic and more diffuse or extensive Right axis deviation usuall);
with atnial fibnllation and hence resembling the pattern of marhed mtral
stenosis may be found 1n a few cases with relatively greater constriction
of the left than of the right heart chambers

X ray evidence 15 generally helpful but there are occasional ases n
which httle or no abnormality can be found the heart moving quite
freely and even with farr pulsation of the left border Calcum  when
found 1 an additonal help 1n confirming the diagnosis when other 519“:
are present  Often the heart and medastinum are fixed or displaced 2 l;:
to one side or the other or there 1s an increase 1n thichness of the

d Also frequently there 1s an obscunity of the borders of the
heart, and occasonally little or no pulsation 15 visible anywher ah;:i
the heart borders Observation of the pleura 1s important because of
pleura 15 very much thickened there 15 evidence suggesting chrom¢ PNC
serositis as a background for the chronic constrictive pencarditis Chrom
constrictive pleuritis may accompany chronic constrictive penmrdxtwt

Some of the increase 1n heart size indicated by x rays 1s to be accoun oy
for by the actual increase in thickness of the pencardium which ﬂ; ’
reach % to 1 cm on either side of the heart In occastonal €ases
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lung hilus shadows are increased and there 1s more indreation than usual
of mvolvement of the left ventricle and left atnum by the chromc con
strichive pericarditis s noted particularly by calafication In such cases
there may be evidence of enlargement of the nght ventricle due to the
strain on that heart chamber from pulmonary hypertension secondary to
constrichion of the left heart chamt h ble mn mecha

Figure 4 X ray picture ( of heart and di of case
of chronic constrictive pericarditis wath calaification  Note the shell of calcium
Just outside the shadow of the left heart border and along the diaphragmatic border

msm to the effect of mitral stenosis 1t 1s such cases that are more likely
to show atnal fibnllation

It 15 of considerable importance 1n the future study of cases of chromic
constrictive pencarditis to determine the pulmonary artensal blood pres
sure by cardiac catheterization since the direction of the surgical approach
and the success of the operative therapy may depend on this finding If
the pressure 1s higher than normal there should be a wide anterior (e g
sternum sphtting) or lateral approach to free the left as well as the nght
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heart chambers from their preponderant constniction It 1s probably wise
to make such an approach 1n all cases 1n the future

Other laboratory mnformation 1s of little help The blood counts may be
normal or show some degree of anemia If there 1s leuhocytosts, a subacute
pericardial or polyserositic infection or some other complication must be
suspected The serum protein may or may not be reduced, 1t 1s reduced
1 severe cases with malnutrition Laver functional tests may or may not
show slight reduction, but there 1s no evidence in uncomphcated cases of
severe liver damage, although some degree of “cardiac ewrrhosis’ of the
lver 1s not uncommon There 15 never any jaundice (unless there 15 a
complhicating pulmonary infarction) or bile in the urme Specal studres
have shown a decreased output of the heart m accord with the other
findings The reduction may be to less than fifty per cent of the normal
with nability to show an appreciable mncrease on exercise the pulse rate
tending to be unusually elevated in these patients as the result of the
heart’s effort to produce a satisfactory circulation The systemic venous
pressure 18 always elevated, sometimes up to 300 mm or more The circtt
latory rates are also delayed

Differential Dingnosis In the differential diagnosis there are three
conditions which are particularly likely to be confused with chrome
constrictive pericarditis The first of these 15 mutral stenosts with con
gestwe heart failure The differential diagnosis should be easy 1n nearly
every case of this sort The p of a mtral diastolic murmur at the
apex 1s practically pathognomonic of mitral stenosis and has not been
encountered 1 any of the wnters cases of chromc constnictive per!
carditis It 1s important to listen at the apex, however for this murmur
since 1t may be localized and 1t was the failure actually to listen at the
apex 1tself winch was responsible for the erroneous diagnosis of constrictive
pericarditis mn two cases referred to the wnter In these patients the apex
had become situated 1n the anterior axillary line with increasing enlarge
ment of the heart In most cases with congestive failure the heart 15 con
siderably enlarged a finding not consistent with chromc constrictive per
carditis  Also there are more Iikely to be atmal fibnilation and ng!
axis deviation with mutral stenosis than with chrome constrichive Pert
carditis, although several of our cases (twenty two out of seventy exght
n number) observed have shown atnal fibrillation a few (four 1n num
ber) have had atrial flutter and several have shown some night aus devia
tion due quite Iikely to the greater pencardial constriction of the left
than of the nght heart chambers

Cirrhosts of the hver 1s a second condition to be differentiated from
chrome constrictive pericarditis This 1s easily done by the finding ‘;\
increased systemic venous pressure in the latter condition The nec
vemns are always engorged 1n chromc constrictive pericardits, while 10
hepatic airrhosis they are prominent only when there 15 an e‘csei:;:

s

t of ascites displ. 1s upward:
the heart and great vessels up Juced by

degrees of “cardiac cirrhosts” of the liver may, however be m
chromic constrictive pericarditis ath
Polyserositis 1s the third condition that 1s sometimes confused ¥
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chronic constrictive pericarditts The presence of an acute infection with
flmd m the pleural cavities and pericardum and sometimes in the
pentoneal cavity, 15 not ‘ Pich s disea e’ although it may precede it
One of the difficulties here however 1s that in complicating chronic
constrictive pericarchtis atself there may be a good deal of pleural effusion
sometimes extensive especially 1n the severer cases The effusion 15 1n the
nature of a transudate as a rule although the differentiation between
transudate and exudate 1s often difficult The ewvidence of signs of per
sistent infection 1s the most important clue 1 such cases along with the
tont of the fluid ot d from the vanous hody cavities

Nutntional edema 1s easily distinguished from chronic constrictive
pencarditis because of 1ts diffuseness and the usual absence of hver
enlargement and asaites along with the history of the causative factor of
malnutnition and the very low serum protein

Tricuspid ralve disease of high degree 15 so rare that 1t hardly needs
to be mentioned but 1t must be considered 1n some of the cases Since 1t
nearly always complicates mitral stenosts 1t 1s usually easily ruled out
It 1s however comparable to chrome constrictive pericarditis in one par
ticular namely 1ts tendency to cause long continued wnvalihism or serm
invahdism lasting for years with recurrent ascites that may need repeated
p: t Trcuspid hicating matral st adds to the
duration of life that would be expected in systemic venous congestion
due to mitral stenosis alone

Course and Prognosls Most patients with chronic constnictive per:
carditis live for years Therr longewity and actiity vary however very
greatly depending on the amount of the cardiac constriction on comph
cations and on the degree of success of surgical treatment There tends to
be a state of prol d semu i with 1 or frequent abdom
1nal paracentesis unless surgery affords a functional cure In the wnters
own senes of seventy eight cases studied durng the past twenty seven
Years (1928 to 1955 inclusive) there has been a wide range of expenence
from one case who had progressed so rapidly downhill in the course of
Six months that she was too serious a nish for surgery and died of the
disease shortly after entering the hospital and another case who severely
affected dhed at the end of the operation to a muld case who was still
alive and at work (asa physician) forty vears after lus acute pericarditis
and onset of evidence of the disease not requinng operation and a
young woman now perfectly well twenty seven years after pericardial
resection done when she was practically a complete mvahd Thirty two
of the sixty three patients operated upon 1 the writer s series have been
cured functionally by surgery in the last twenty seven years and most of
these are well and active today All six of our patients who have been
followed for over twenty years are living normal unrestricted hives Ten
other patients have been followed for over ten years and eleven for over

ve years

T The only satisfactory treatment for chronic constrictive
Pericarditis 15 surgery Digitalis 1s of no avail except in cases of atnal
fibrillation where 1t controls the heart rate at a level which 15 optimal for




406 CARDIOVASCULAR DISEASE

the most favorable circulation 1n a given case Duuretics, either by mouth
or imntravenously are only temporanly helpful They may howeser aid
mn tiding a patient along for months or years i1f his condition 1s for any
reason moperable, or if the patient refuses surgical treatment They are
helpful also in preparing the patient for operation The best diwretic for
the purpose 1s erther mercuhydrin 1 to 2 ec, intramuscularly, or thio
menn, 1 to 2 cc, subcutaneously, at intervals of one to four weeks as
needed, with or without the ard of ammomum chloride (1 Gm [15 grams]
three times a day) or other diuretic by mouth Paracentesis 1s invaluable
mn the cases not operated upon and 1n preparing the patients for opera
tion Usually such paracentesis 1s confined to the abdomen but now and
then the chest cavities need to be emptied also In the old days these
patients were subjected to abdomnal paracentests once every week or
two or three for years on end, a very disagreeable but necessary act

Fmally, before proceeding to the radical cure of chrome constrictive
pencarditis two palliative measures of value may be mentioned e,
lmitation of physical actity, and restriction of flud, food and salt
ntake

Exercise, by mncreasing the demand of the body for an active circula
tion, almost mvariably aggravates the condition and the degree of con
gestion A patient with chrome constrictive pericarditis who attempts to
carry on his normal hife 1s almost sure to grow worse despite other medical
measures He adds weight in the form of flud in the abdomen and
extremities When he rests completely i bed he usually improves rapdly
for a while and has a spontaneous diuresis At half or mid activity he
15 able to carry on, sometimes fairly well if not badly affected Some
patients however, are so seriously damaged that they must remawmn com
plete mnvalids and even then may go on to early death The ndwvrdual
patient quickly finds his optimal level of activity

From the begnning 1t was appreciated that the more salf and find
mgested by a patient with chromie constrictive pencarditis the more
pronounced were the signs and symptoms of congestion Of partreular
importance 1s a Testriction of total sodum mtake, a reduction to 1or2
Gm_of sodum chlonde nstead of the usual 10 to 12 Gm per day may
suffice Very interesting experiments with respect to fud and salt intake
were made on himself by Finsen and reported n 1894 and 1904

Surgical Treatment Most patients are reasonably good subjects for
efforts at surgical cure Thoracic and especially percardial surgery has
been so much developed 1n recent years that operation can be approache
by a skalled tramed surgeon nowadays with little hestation  Much “‘“’er
experience and judgment however are needed for a high percentag® ©
success A suitable case for surgery may be considered to be an mdmdl;:’
who can be made largely free of congestion by medical measures and “h
seems otherwise 1n farrly good condition but who 15 incapacitated by the
disease 1tself There are a few mdividuals who are so sich that Opefﬂm::
1s contrandicated and death may come when an attempt 1 made "
operate on such patients They are those with very extenswve constrictio
not much relieved by medical measures and p t
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It 1s of great importance furthermore to recogmze that the disease may
progress to a relatively early fatal termiation 'The speed of the increase
of the constriction varnes very greatly in different individuals In some
cases a few weeks or a few months may mean the difference between life
and death

Technle 'The surgical operation 1tself may be carmed out either anten
orly or laterally In the former case 1t consists first in resecting the mbs
overlying the heart usually with removal of several inches of the fourth
fifth and sixth nibs and costal cartilages on the left side along with resec
tion by special blade of the left part of the sternum It 1s of considerable
mmportance to identify and retract the pleurae which are also often
thickened and out of their normal positions When anesthesia was carned
out as used to be the practice at the Massachusetts General Hospital
under tracheal insufflation of ether and oxygen with the patient in the
sitting position 1n a dental chair there was found to be no great harm
n allowing air to enter the pleural cavities if by chance they should be
opened

During recent years however we have had interesting and important
expeniences with the rehef of several patients by either the left lateral
or the sternum sphtting surgical approach so that the surgeon can decort:
cate the posterior as well as the antenior heart chambers The very first
case 1n which the lateral approach was carrned out (Case 2 to follow) 1s
well today nearly nine years after huis third operation the first two opera
tions with antenior decortication having been unsuccessful

The pencardium 1s identified and opened near the apex of the heart
If 1t 15 completely adherent 1t has to be mcised and an attempt made te
peel 1t off from the heart itself The actual process of decortication of the
heart sufficient at least to give some relief usually takes about one hour
Since the involvement 1s usually extensive both anteriorly and posteriorly
the decortication begins near the apex and extends up over both ventnicles
and atna and if necessary down over the inferior vena cava and up over
the supertor vena cava although usually there 1s not much involvement
of the veins (In one case observed a calafied band was excised from 1ts
posihion overlying the infernior vena cava )}

‘The pericardium should not be cut off 1n large masses There should
almays be a small bit of pericardium left attached to the heart in case of
rupture of the wall of exther ventncle or atnum if the wall 1s torn the
pericardial tab may be sewed over the rupture This was donre m two
of our successtul cases

How much of the posterior heart chambers i e the left ventncle and
left atrium should be decorticated 1s for the surgeon to decrde Some of
the wmter s cases have given evidence of extensive postenior constriction
but decortication of the heart chambers was not d

the early days by us although a case had been reported in Germany n
whom there was a successful decortication first of the antenor surface of
the heart and at a later operation of the postenor surface of the heart

During the operation 1t 1s encouragming to find the heart ncreasing
visibly 1n size and degree of pulsation while 1t 15 being decorticated The
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pulse pressure may definitely increase during the operation In one of
our patients the pulse pressure increased at once from twenty to forty
with obvious 1mprovement i the heart’s action Good judgment must
be used 1 deciding when to stop the operation It 1s to be recognized that
1t 15 possible to carry out a second operation 1f the first has not been com
plete enough This has been done in eleven of the wnter’s cases, and the
approach the second time proved as a rule to be very easy, there bemng
no nbs to remove and no pericardium to penetrate first m approaching
the field of operation The reformed adh were ricting

The patient 15 returned to the ward and Lept m an oxygen tent for
the first day or two, or as long as may be needed Great care postopera
twvely to empty the pleural cawities of flmd 1f they fill rapidly, and expert
nursing are essential Some patients recover very quickly with spon
taneous churesis directly after the operation while others take months
for their improvement, the cure gomng on progressively for close to a year
Still others show httle or no improvement, and a few cases may die as a
result of the operation

In our sertes of seventy eight cases of this disease at the Massachusetts
General Hospital sixty three patients were operated upon (fifty two once,
seven twice four, three times) Of these sixty three patients thirty two
were cured so far as chronic constrictive pericarditis 1s concerned and
twenty two have died four on the operating table because of the seventy
of the illness one the day following operation, two two days after opera
tion one six days after the operation, and twelve others months later from
the disease itself or from complications Unexpected accidents may some
times occur m cases that otherwise seem favorable Such happened
during operation 1n two of our very young patients, m one of these the
atrnum was torn during the pencardial resection, but the tear was quickly
repaired by the use of a bit of the pericardial flap still attached and 1o
harm was done, for she 15 well today over twenty two years later m the
other patient (a gl of thirteen) at the end of the operation the mght
heart, which was very thin dilated to a high degree, and death came m a
fes mnutes apparently as a result of the fmlure of the nght side of
the heart

In the patients that have been cured chimeally there has been a disap
pearance of all evidences of congestion except that there may still be 2
slight elevation of the venous pressure above the normal and persistence
of shght enlargement of the hver The electrocardiogram may rematt
abnormal but frequently 1t 1mproves I appearance

ILLUSTRATIVE CASES
Chromie constrictive pericarditis vares so greatly n its man
and response to treatment that 1t will be helpful to present cer
trative cases The first will show the excellent curatwe result
severely affected young child The second will illustrate the ympor
advance mn surgical approach and techme

rfestations
tain 1llus
m 2
tant

Case 1 Successful result of operation 1n a severely crippled child din
B K now (August 1955) aged thirty three years This girl was repor
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full up to 1935 in the Lancet London September 7 and 14 1935 pages 539 and
597 as follows

B K agilaged ten entered the hospital on October 13 1931 with a history
of having lived a semi 1nvalid 1tfe since the age of 51 due to a markedly enlarged
abdomen resulting from the presence of much aseitic flud  When she was twenty
months old she suffered from what was apparently an attack of acute pericarditis
and her abdomen became en!arged At the age of 2% yeaxs a laparotomy was
performed and a was d No les were seen on
the peritoneum at the time of opemhon A drain was mserted and the patient
made a good recovery The flurd returned 1n about three weeks but following an
abdomrnal tap one month later there was no recurrence of flnd for three years
At the age of 5% the abdomimnal fliid returned and six months later a Talma
operation ( t ) was done Abd: I fluid mnjected into a gumea pig
gave negative results There was no improvement followang this operation and
at the age of nme the patient entered a second hospital for further study Her
abdomen was tapped at that time but not again after that until her entrance into
the N + ts General 1 mn the fall of 1931 when 6240 cc of straw
colored flnd with a specific gravity of 1013 were removed

Her mother had died of tuberculosis during the patient s infancy Her father
15 hving and well

Physical examination showed a thin somewhat pale young gl with heart
apparently normal 1n s1ze and sounds and w:thout murmurs and with prominent

Jugular veins and a large bd filled with flnd
(Fig 24) X ray exammation showed heart and great vessels somewhat dis
placed to the night and anchored to the d was evident at

the nght border of the heart and great vessel shadow the right pleura was
thickened

“The electrocardiogram showed normal rhythm rate 100 with inverted T
waves 1n Lead IT

Advice was given at that time that the chest be explared surgically and the
adhesions constricting the right auricle nght ventricle and the great veins be
freed

After an mterval of two years this gurl retumed to the hospital mn an un
changed condition wth of the of the abd The
serum protein measured 4 3 per cent X ray and electracardiographic findings
were as before

Penca!dlal re.ection was carried out on November 16 1933 and a moderately
tha plaques was removed from over the
"S’ht ventnc!e and night auricle by Dr Churchill  The pericardial tissue that
was removed showed fibrosis and calafication on examunation There was a
stormy time for two days after the operation and during the first two weeks there
'was no apparent improvement About four weeks aiter the operation spontaneous
diuresis began and 1n the course of a few months the ascites completely dis
appeared (Fig 2B) She has been 1n excellent health since and was well when
she was last heard from.

The electrocardiogram on May 16 1935 showed normal rhythm at a heart
rate of 80 with shghtly upright T waves 1n Lead I flat T waves in Lead II and
very slightly inverted T waves m Lead III this record differed from that taken
before the operation 1 that the T waves were more normal and the voltage of
the QRS waves was greater

Follow up in July 1939 Cood health and rapid growth have characterized
the last four years except that during the past few months there has been some
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ds of easy f: bil Physical now shows a tall slender
somewhat delicate appearing girl (Fig 2C) with normal heart sounds and size
The electrocardiogram shows normal rhythm rate 95 shight night axis deviation
low T waves m Lead I inverted T waves i Lead II, and mnverted T waves 1n
Lead IIT
Blood examination shows a normal smear mimmal achromia and noe ab-
normal cells
The rapid growth and shight anemia 1n this girl are responstble for her present
somewhat frail state of health but fundamentally she seems all right and there
15 no evidence whatsoever of any recurrence of the trouble associated with her
constrictive pericarditis for which the operation was so successfully carried out
six years ago See the illustration herewith showing her in 1931 1933 and 1939
(Fig 2)
September 1948 Her father reports excellent health n every respect’
May 1955 Examined by us and found to be mn perfect health
Case 2 R P male aged twenty one was admitted to the Massachusetis
General Hospital 1in September 1944 with a diagnosis of chronic constrictive
pericarditis already recorded The discovery of pericardial calcification had
been made 1n March 1943 by x ray examination of the chest incident to routine
check up for his fitness for military service He had no symptoms at that time
On adi to the I n September 1944 he showed good development
and nufrition with a regular pulse rate of 80 The blood pressure was 120/80
The heart seemed of normal size the pulmonary second sound was louder than
the aortic second and there were no murmurs There was no enlargement of
liver or spleen There was no evidence of peripheral edema Venous pressuré
was at the normal upper Lirut wath a Burwell end pomnt of 117 mm of water
The total serum protein was 74 Gm Blood and urine examinations showed no
abnormalities Elect: | showed of the T waves 1n all Jeads
X ray exammation confirmed the presence of calcification of the Penc‘“d'“m
evidence of old pleurisy at the left base and a small amount of fluxd m the nght
pleural cawvity
On October 6 1944 Dr Richard Sweet performed cardiac decortication using
the anterior approach The entire frontal portion of the perrcardium ncluding
a caleified band 38 mm (134 mnches) mn width over the atrioventricular groove
was d The wve course was tful and he was discharg
at the end of the month
During the next year and a half this young man remained 1
doing Iight secretarial work with no difficulty In the spring ol h
to notice progressive increase 1n the size of s abdomen shortness of breatl
and 1ncrease m weight Also there had been noted at about the same tme the
onset of atnal fibnillation Therefore on June 5th 1946 he was readmitted to
the Massachusetts General Hospital On this occasion his venous pressure W3S
much increased to 265 mm of water The heart was enlarged with P“lm"“;?'
second sound of greater intensity The hiver was shghtly enlarged and tenT;c
There was occasional edema of the ankles His blood pressure was 108/84
heart thythm was grossly irregular at a rate of 82 The electrocardiogram &%
firmed the presence of atnial fibrillation and showed the same abnormalities
before n the T waves The total serum protein measured 7 Gm per cent Dr
On June 20th 1946 a second pericardral resection was carried out by n
Swect The site of the onginal ncision was used again More calarfied pclar
d was ed particularly over the area of the nght alrmventncun
groove At first wely he scemed definitely better but within 2 mo

n fairly good health
f 1946 he had begun
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of his return home his onginal symp d despite treat t with low
sodium ntake digitahs ammonium chloride and intravenous mercupurin
On December 10th 1946 hayving become obvxously much worse 1n the mterval
of several months he ret d to the B General Hospital At this
tume the neck veins were very prominent and pulsating with a venous pressure
of 300 mm of water A paradovical pulse was present The rhythm was regular
atarateof 82 The blood pressure was 108/76 The liver was felt 7% cm below
the costal margin ‘There was slight to moderate edema of the ankles The electro-
cardiogram now showed 1n addition to atral fibnillation definite right axis devia
tion which had been developing in the interval of the two years since the first
operation
Because of the failure of the previous operations the right axis deviation with
atnal fibrillation which resembled the pattern of matral stenosis and the accen
tuation of the pulmonary second sound 1t was now believed that he had constnic
tion of the left heart chambers However to mahe sure of this cardiac catheter:
zation was carnied out 1n order to measure the pulmonary blood pressure This
was kindly done for us by Dr Lews Dexter at the Peter Bent Brigham Hospital
who found that the pulmonary artenal pressure was 72 mm. mercury that 1s
three times the normat
Therefore on January 17th 1947 after careful preoperative preparation a
third pericardial resection was carried out by Dr Sweet using the left lateral
transthoracic approach The operative note was as follows
A long oblique 1nciston was made starting 1n front close to the previous per:
cardiolysts incision extending laterally under the breast and up beneath the
Ppectoral fold as far as the mudaxillary hne This 1ncision was enlarged through
the sixth interspace and on inserting a nb-spreader after freeing the adhesions
of the lung an excellent exposure was obtamned The lung was densely adherent
to the panetal pleum both beneath the nbs and along the mediastinal surface
The med; 1 were d and the lung was retracted posteriorly
and laterally This gave an 1l to the left aspect of the
penicardium  The phrenic nerve was 1dentified and held aside with a retractor
The previously denuded section of heart appeared to be functiomng well This
mncluded the night ventricle and a very small portion of the left The apex had
been freed previously but there had been considerable re-formation of con
stricting fibrous tissue in this region This was freed and the remaimnder of the
pericardium  which enveloped and held 1n a constricting vise the left ventricle
was released with mod It was adherent almost everywhere with
very dense adhesions 1 same of which were actually plagues of very thick
calcium requiring cutting with heavy scissors but 1t was possible by freeing
them to release the left ventricle completely all the way around behind. The
pericardium n this region was removed from the diaphragm and as far around
m back as the inferior pulmonary vemn. Supenorly 1t was freed over the atrio-
ventricular groove and the appendix of the left atrium which was held down mn
@ vise of caletum was finally freed and was seen to retract upwards A rather
large segment of pericardiim was removed from the atrial portion as well as
from the ventricular portion It was felt at the completion of the operation that
a very wide liberation of the left ventricle and left atrioventricular septal groove
had been accomplished The patient a!ood the operation well and the color of
his blood was normal at 1ts ) h 1n the b he was very
cyanotic until the heart had been freed The Iung expanded well A catheter was
left 11 the space between the heart and the lung in order to provide for evacuaton
of serum and possibly any air which mught result from an undiscovered leak from
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the lung 1tself This was brought out through the center of the mneision to be
removed 1n twenty four hours The wound was closed 1n layers by means of
terrupted s1lk sutures with several pericostal sutures of catgut in the iniercostal
portion of the maesion

After a stormy postoperative course for two weeks he began to mmprove and
when discharged from the hospital at the end of February 1947 the venous
pressure had dropped to 190 mm of water and he showed a defimte decrease 1n
congestion

Later examinations have shown progressive improvement When seen m
December 1947 he felt quite well requiring no treatment except for the man
tenance of digitalis He was free from congestion The venous pressure had
dropped to 167 mm of water He has remamed perfectly well smce then (note
made 1n November 1953)
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Swigery of the Heart and Peiicardium

Introduction The application of the aseptic principle which was intro
duced some seventy years ago marhs the begnmng of modern surgery
Sepsis and secondary hemorrhage were banished by the aseptic methods
and the dread of operation began to disappear after these methods were
mntroduced A great devel t in surgery took place in a relatively short
perod of time  All parts of the body were explored The chest presented
special problems which delayed the development of thoracic surgery Who
of the surgical pioneers hving 1n the early aseptic period desired to remove
alung when the appendix uterus gallbladder breast lidney thyrod etc
were more accessible! Who also desired to operate upon the heart—an
organ that 1s always in mot p a great ty for hemor
thage and possessing also a constant threat of stopping' It 1s not surpns
mg then to find 2 comment of this nature from Billroth the pioneer in
gastnc surgery maden 1883 as follows  The surgeon who would attempt
to suture a wound of the heart would lose the respect of his colleagues
‘Wounds of the heart were considered to be necessanly fatal This was the
general belief for many centuries 3 The first experiments on cardiac wounds
that T can find 1n the hiterature were carried out by Block on rabits in
1882 He produced stab wounds of the heart successfully sutured the
wound and advocated suture of the wound when the human heart was
stabbed In 1895 Del Vecchuio demonstrated the healed scar that followed
a wound that he had made m a dog s heart His demonstration was made
before the Eleventh International Medical Congress at Rome and 1t
attracted attentton Shortly thereafter September 4 1895 the first oper
atton on the human heart was performed by Alex Cappelen of Chnshama
‘Thus the heart entered the domain of surgery

Cappelens Cgse A man aged twenty four received a stab wound m the
fourth left interspace 1n the midaxillary line He walked home bleedng from
the wound About an hour later he was admutted to the hospital at which time
he showed signs of hemorrhage an 1mperceptible pulse and distant famnt heart
sounds Bleeding from the wound had ceased Camphor stimulated the heart
so that the pulse could be felt and conscrousness returned There was dulness
to percussion over the left side of the chest.

At operation chloroform anesthesia was used The third and fourth nbs on
the left side were resected The 1ntercostal artery was not cut The left pleural

413
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FIGURE 1 Alex Cappelen (1858 1919) performed the first operation upon the
human heart
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cawvity contained 1400 ce of blood The lung was not injured Bleeding con
tinued from the depth of the operative field and an opening 1n the penicardium
large enough to admt the tip of the finger was found The pericardium was
distended with blood It was opened A wound in the left ventricle 2 cm Jong
was sutured with chromuc catgut and a bleeding coronary artery was hgated
The rhythm of the heart was regular throughout the operation.

During the postoperative period which lasted two and one-half days the
pulse was rapid cyanosts was present and there was a shight fever The cause
of death was anemia and pericardiis The wound had not penetrated into the
cavity of the left ventricle The bleeding had occurred from the coronary artery

Classifi of Heart D These may be divided into the con
gemtal and acquired forms The tal group includes a wide vanety
of conditions such as septal defects valvular and subvalvular stenoses
malposmons of blood vessels and a variety of shunts The acquired group

and occl of coronary artenes valvular defects blood
clots within the heart tumors of the heart aneurysms of the heart and
other rare it Another classification of di 15 based upon the

location of the disorder whether 1t be extrmsic and outside the heart or
extrnnsic and mside the heart

ADHESIONS TO THE HEART

This 15 one form of extnnsic lesion It was formerly taught that adhe
sions produced cardiac hypertrophy and failure and the Brauer operation
of cardiolysis was evolved to treat this condition This operation consisted
of removing the precordial nbs and cartilages so that the heart pulled upon
soft yielding structures rather than the unylelding nbs This operation
and the rationale upon which 1t was based have been given up However
Hogler and Will:ams have shown that adhesions can disturb heart action
by rotating the heart mn ether a clockwise or counterclockwise direction
and by angulation of the heart from its normal posttion These disturb
ances m posthion produce tachycardia but they are rarely seen clinically
€xcept at the operating table At operation these disturbances are not
tolerated except for short periods of tume Compression of the heart 1s
another form of extrinsic leston This condition 15 produced by tight scats
upon the heart or by fluid or tumors around the heart

COMPRESSION OF THE HEART

Physiology ? Under normal conditions the pressure upon the heart and
the great vessels at the base of the heart 1s negative or less than the
Pressure of the atmosphere This negative pressure 1s produced by the
elastic recoil of the lungs and measures 4 to 6 cm of water Lthewse the
Pressure within the venae cavae 1s negative by several centimeters of water

e walls of the cavae are soft and collapsible and readily yield to pres
sures from within or from without Let us consider the effect of an
Increased pressure 1n the pericardial cavaty such as occurs when the heart
15 stabbed and bleeding takes place from the wound As the heart and
mtrapencardial segments of the venae cavae are compressed by the accu
mulated blood we find that the venae cavae and the nght aurnicle become
collapsed 'The flow through these structures is immediately reduced and
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the blood 1s held back 1n the venous system The venous pressure immed:
ately begins to nse and if 1t can nse sufficiently high to overcome the
collapsing effect of the intrapericardial blood filling of the heart 1s re
sumed If additional bleeding occurs so that the intrapericardial pressure
18 again mcreased we find that a repetition of events takes place, namely,
slowing or stopping of the blood stream n the cavae and elevation of
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FIGURE 2 Triad for acute compression of the heart.

venous pressure 1t 15 apparent that a defimte relationship exsts betneet
the pressure outside and the pressure inside the venae cavae There ﬂ!';
certain imits above which the pressure outside the cavae cannot nse “"e
these imits are determined by the heights to which the venous pressur
can nse In acute conditions the venous pressure can nse to 15 of 20 CX:’
of water In chromc conditions the venous pressure can nse to 42 o et
water Acute and chromc pressures above these respective levels can
considered as fatal

The amount of pressure that the heart and venae cavae can tolerate
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depends upon <everal factors One of the factors that determines the
amount of pressure that can be tolerated 1s the rapidity with which the
pressure 1s built up i the pencardial cavity If 1t develops slowly 1t can
go up to levels that are defimtelv higher than sf st develops rapidly These
higher chromic pressures are made posstble because 1 the chromie cond:
tions the venous pressure nses to higher levels than it does in patients with
acute compresston
Two factors help to elevate venous pressure in the chronic diceases One
1S an increace in the airculahing blood volume The other 1s an increase 1n
venous pressure produced by the naterlogging of the body An interesting
observation that we made relative to venous pressure mn patients with
chronic compression was that the venous pressure fell when large quant:
ties of flurd were remosved from the abdomen This was due to the relaxa
tion and engorgement of venous channels 1n the abdomen after the abdom
mal tension was rel b 1 binder d venous pressure
to 1ts higher levels Other points of therapeutic value along this line can
be mentioned
It1s well to remember that venous pressure can be raised by the addition
of flud ntravenously and that pressure upon the heart can be reduced by
the aspiration of flnd from the penicardial cavity  In those cases demand
mg urgent treatment these procedures are of value while preparations for
operation are bemng made It should be noted that an elevated venous
Ppressure 1s essential in caces of compresston However after the com
Pression agent has been removed the high venous pressure becomes some-
thing of a danger 1n that 1t dilates the heart
In one of my patients the heart failed after a compression scar had been
successfully removed The heart dilated and failed In certamn cases show
g very huigh venous pressures bloodletting 1s sometimes mdieated after
the compresston lesions are removed by operation This will reduce svenous
Pressure and will Iessen the degree of dilatation of the heart
The compressed heart 15 alnays a small heart It cannot dilate It can
not undergo hypertrophy It 1s an efficient organ and does not waste
energy It receives a subnormal quota of blood and 1t pumps out a sub
normal quota of blood In pumping out a subnormal quota of blood 1t per
forms a subnormal quota of work The heart can do nothing about the
reduction m work load It plays a passive role and recenes whatever blood
the venae cavae can deliver to the cardiac chambers Inasmuch as the
work load of the heart 1s reduced the heart muscle undergoes atrophy The
heart muscle undergoes disuse atrophy 1 exactly the same way as any
other muscle 1n the body undergoes atrophy when 1t 15 not allowed to
perform 1ts full normal function Roberts and Bech showed that the
measurements of the heart mu~cle fibers 1n the compressed heart were
smaller than normal The entire 1 of the p d heart 15
less than that of the normal heart

Acute Compression Triad # Acute compression of the heart 1s produced
always by a fluid agent such as blood pus gas transudate or any com
bination of these The flud 15 erther m the pencardial cavity or n the
mediastinum  Stab wounds of the heart or great vessels are a common




418 CARDIOVASCULAR DISEASE

cause of compression It occurs also in purulent pencarditis and 1t cap
occur as a complication following an operation in the mediastmum

A tnad of signs has been formulated by the wnter for the diagnosis of
acute cardiac compression  The triad consists of a small quiet heart a fsll
ng arterial pressure and a nsmg venous pressure (Fig 2) All other mant
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F1avrE 3 Triad for chronic compression of the heart.

festahions are secondary to these Such secondary mamfestahons a\‘:
distant heart sounds absence of precordial pulsation, dyspnea, exatemen
followed by unconsciousness cold clammy shin and fever sn the presence
of infection he
The treatment depends upon the Iesion producing compression In tl
traumatic cases the blood ciot should be removed and the mjured 5t
ture repared  In the infected lesions the pus should be evacuated Pem
allin should be gnen be
Chranic Compression Triad ¢ Chronic compression of the heart €% .
produced by 2 sanety of lesions Compression b the formation of &%
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tissue around the heart and 1n the paretal pericardium 1s the commonest
cause Blood pus transudate or exudate in the mediastinum or pencardial
cavity can produce chronic compression Neoplasms localized abscess
bands of scar fissue over the aurcle or venae cavae can produce the
compression syndrome Adhesions to the heart never produce chromc
compression
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eralized mrdnac compression due to scar The serrated outline mdicates the

The are taken with a lead gnd
containing tmnsverse slots 1n front of the plate The plate moves during the
exposure so that every phase of systole and diastole 1s recorded on the plate
A Before operation B After operatton Note the increase in amphiude of
pulsation after operation

A tnad of signs has been formulated by the wnter for the diagnosis of
chrome cardiac compression This tnad conssts of a small quiet heart a
hugh venous pressure as measured 1n 2 vein of the arm and asaites together
with a large hiver (Fig 3) This diagnostic tniad cannot be wrong There
should never be any confusion or mstake m making this diagnosis Ne
special tests are necessary Indeed the diagnosis can be made by simple
observation of the patient The presence of cyanosis of the hands hps
ears and face and the prominent vemns 1n the neck and arms point to stasis
1n the superior vena cava The next observation 1s of the abdomen Ascites
points to stasis in the inferior vena cava The precordium 1s next observed
and »f there 15 no visble pulsation present the patient has chronic com
Pression—not constrictive pericarditis not adhesive pericarditis not Pich s
disease not Concato s disease not mediastinopericarditis These terms are
confusing  While the diagnosis of chromc eardiac compression can be made
by sunple observation alone 1t does not tell the nature of the anatomical
lesion producimg the compression The leston must be determined by adech
tional data A very large pericardial shadow 1n the x ray indicates flud n
the penicardial cavity and the fluid can be blood pus transudate or exu
date A smaller shadow indicates a compresston bcar and an asymmetneal
shadow md a 1 ad d cyst or & locahized abscess P
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The secondary mamfestations of chromec cardiac compression consist of
subcutaneous edema which may not be marked hydrothorax of varable
amount a venous pressure measuring 18 to 42 cm of water, dilated vemns
cyanosis, elevated cerebrospinal fluid pressure decreased circulation time,
ncrease 1 crculating blood volume, distant heart sounds without mur
murs pulsus paradoxus auricular fibrillation, auncular flutter or a normal
mechamsm reduction 1n amphtude of the heartbeat, pulse pressure of
about 20 mm of mercury reduction 1n cardiac output to as httle as 22 cc
per beat 1 an adult, slurring and low voltage of the electrocardiogram
weakness and malnutnition Fization of the heart and fixation of the
electrical axis are not important for diagnosis Reduction 1n amplitude of
the heartbeat can be shown by the hymograph roentgenogram (Fig 4)

TRAUMA
Penetrating Wounds of the Heart

These are stab wounds and bullet wounds Any of the component
structures of the heart can be mjured—aurnicular or ventncular wall, nter
ventricular septum coronary arteries and vems the conduction system,
any of the valves the great vessels at the base of the heart and the panetal
penicardium A foreign body can enter the heart through the shin through
the esophagus or through the venae cavae or pulmonary veins Infectron
can be carried n from the outside A thrombus can form m one of the
cardiac chambers at the site of the wound The thrombus can be swept
mto the lung or nto the penpheral arculation Hemorrhage can occur
from the heart or from the great vessels If the blood escapes from the
penicardial cavity mto the chest or mto the mediastinum or to the outsides
exsanguination can occur Compression of the heart 1s produced 1 the blood
does not escape and remains locked 1n the pericardial cavity

The functional disturbances produced by cardiac trauma are dependent
upon the structure or structures 1nyolved n the trauma A septal lesion
nvolving the bundle of His can produce heart block If a leaf of the mutral
valve 1s severed or 1t one of the chordae tendinae 1s severed, mitral msuf
ficiency results If a stab enters a cardiac cavity, bleeding may or may not
occur If the wound 1s small and enters obliquely nto the ventnicle the
wound will not emit blood Ifa major coronary artery 1§ severed the ven
tricular wall supplied by the artery becomes 1schemic and ventricular fibnl
lation occurs

Diagnosis The mamfestations of penetrating cardiac injunes are vana

ble The climeal signs can be grouped as follows (1) Those produced by
njury of the mtrinsic structures of the heart, such as a valve a coronary
artery the conduction system etc (2) those produced by exsangumnation
and (3) those produced by compression of the heart Severe ln.'“"esg
mntnnsic cardiac structures as a rule are immedsately fatal and the Pro
lem of diagnosis 1 not presented Generally 1n such acaidents the \ent;lo
cles are thrown into fibnllation and death 1s immediate If the mjury ¢
the heart 1s less severe the patient will continue to live after the acaiden!
and the problems of diagnosis and treatment are presented In many ‘;
these patients the heart will show no evidence of intrinsic cardiac damas!
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The signs are entirely those of ton or The blood
escapes nto the pleural cavity into the mediastinum 1nto the pericardial
cawity, or through the wound to the outside The signs of exsanguimation
need not be discussed

Te Only brnef d of this subject can be given Most of
the patients who reach the hospital alive require operation  Occasionally
a patient with a stab wound recovers without operation The body must
be kept warm If the circulation has stopped or if 1t 15 feeble intrasenous
fluid should be given while preparation for operation 1s made If the resp:
ration has stopped and if the patient has lost consciousness urgent heroe
steps should be taken

It takes but a fen moments to expose the heart and release the com
pression When the patient begins to breathe an anesthetic must be given

FIGURE 5 Author s method for suture of stab wound of the heart A suture
13 placed 1n the apex of the left ventnicle This 15 held 1n the left hand and at
the same time the left index finger 1s placed upon (not in) the wound This
stops the bleeding Sutures are placed on each side of the wound the finger 1s
removed and when this 1s done gentle traction 13 appled to these sutures to
control bleeding 'The wound 1s then sutured

while the surgeon takes care of the wound For the less urgent operations
an anesthetic 1s mven before the operation 1s started and mechamcal
Tespration 1s an added safeguard An exposure to the left of the midhine 1s
usually used If the wound 1s 1n the nght side an exposure to the nght of
the sternum 1s indicated The pleural cavity 1s opened The pernicardium
15 opened and the blood clot 1s evacuated This releases the compression
and immediately the heart fills with blood

The first pulsations of the heart after release of the compression are
more vigorous than normal and the tashs of controling the bleeding and
Tepanng the wound must be met by the surgeon The literature contains
dramatic descniptions of the blood spurting of the surgeon getting 1t n
his eyes of a foam nising up to cover the heart of the patient regaiming
consciousness and moving on the table of teaning the heart muscle when
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the wound was plugged by a finger, of sutures tearng through the heart
mu.cle, of exsanguination of a Iife saved or a life lost

The problems, difficult as they appear to be, can always be managed
with satisfaction if a few facts are held in mind Hemorrhage from a
ventricle must be controlled by placing a finger upon and never m the
wound To keep the finger from slipping off the wound the heart 1s steadied
by a suture 1n the apex After the apex suture 1s placed and after the
ndex finger 15 placed upon the wound the urgency of the operation 1s
over and time can be taken to carry out a satisfactory repair of the wound
Control sutures are placed on each side of the finger, crossed and held
under moderate tension by the assistant The finger 15 removed There 18
no bleeding and permanent sutures are placed The control sutures and
the apex suture are removed (Fig 5)

An auncular wound cannot be controlled by this method It can be
repaired easily by tahing the margin of the wound mn clamps bringing the
margins together and then suturing the wound It 1s impossible to stop
bleeding from an auricular wound by placing the finger upon the wound
A hemostat will crush and break ventricular wall but will not do ths to
aurrcular wall

Complications such as foreign bodies and infections will not be discussed

Nonpenetrating Wounds or Contusions of the Heart

These wounds are inflicted when the body falls from a great height or
when an 1mpact or heavy force 15 applied to the chest or upper abdomen
The commonest type of injury producing contusion of the heart 15 the
steering wheel accident Another type of injury producing eontusion of
the heart 15 the passage of a wheel over the chest or over the upper abdo
men, an mpact by a fist by a golf ball or by a horse’s hoof can produce 2
contusion of the heart Any part of the heart can be bruised any of the
chambers can be ruptured and any of the valves can be torn Hemorrhage
of vanable degree occurs 1n the heart muscle when a contusive mjury 1
received Areas of hemorrhage, contusion and laceration may occur, Y‘OI
only at the site of trauma but elsewhere in the heart These areas o
hemorrhage can be multiple The heart can be bruised without fracture ©
sternum or nibs Indeed there may be no demonstrable evidence of mjury
to the chest wall

Rupture of the heart can occur in several ways It can be ruptured 52
toy balloon can be ruptured 1n ones hand by the application of sudd;g
severe compression  One would expect that a trauma of this nature v'ouh
be more destructive 1f 1t should be applied at the end of diastole or at the
begnming of systole when the heart 15 filled with blood One would al}S"’
expect this trauma to be more destructive 1f 1t should be applied from :h:
base of the heart toward the apex, so that the blood cannot escape 85
heart 1s compressed

The heart can be ruptured by breaking open the fnabl
This can occur even though the heart 1s emptied of blood
be ruptured by softemng of the brwised area Analysis o
shows that if the patient survives the first mne hours al

e myocardium
The heart can
¢ the hteratur¢
fter myury e
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chances of surviving the first week are better than lus chances of surviving
the second week One would expect the greatest amount of softemng of
the injured myocardium to be present dunng the second week and this
point should be given special consideration 1n the treatment of these cases
so that such blowouts of the heart may be avoided Another mechamsm by
which the heart can be ruptured 15 by sudden distention with blood This
can occur when the blood 1s forcibly driven from the legs and abdomen as
when the body 15 engulfed 1n a cave 1n acaident  Spontaneous rupture of
the nght auncle has occurred

Incid of Cardiac C In 1935 Bnght and Beck analyzed
the literature on nonpenetrating injunes of the heart and found 152
nstances of cardiac rupture 11 nstances of failure wathout rupture and
12 instances of recovery In the recovery group the diagnosis was based
upon chnical mamfestations According to this analysis 1t appears that
when the human heart recerved a contusion death was the rule and recov
ery was the exception According to expenimental data the heart can with
stand an enormous amount of contusive trauma and recover In the
expeniments recovery was the rule and death was the exception We can
conclude from these data that the group of human cases in which recovery
took place was much smaller than it should have been The clinical diag
nosis of cardiac contuston s made too infrequently It 1s my belief that
contusions of the heart are fatrly common I believe they are of commoner
occurrence than the penetrating wounds of the heart

Symptoms and Diagnosis Weakness coming on after the acaident 1s the
commonest symptom of cardiac contusion When the contusion 1s produced
experimentally there 1s a fall in artenal pressure but as a rule the fall in
pressure 1s of transient duration In the less severe cases of contusion the
weahness 1s momentary The patient extnicates himself from the wreck
sits down for a while and 15 then on his way In cases of severe contusion
the arculatory shock can be extreme The patient may be unconscious
the artenal pressure low and the shin cold and clammy Restlessness and
air hunger may be present Tachycardia 1s the rule but bradycardia s
sometimes present Hemorrhage 1n the region of the bundie of His pro
duces heart block

The heart sounds are distant and resemble the ticking of a watch
Auncular fibnllation 1if 1t appears 1s usually transient but 1t can be per
manent and disabling Pencardial discomfort or pamn 1s almost always
present It may be in the epigastrium or 1t may radiate nto erther arm
Vomting sometimes occurs The pain as a rule occurs immediately after
the accident but 1t can occur after a latent pertod It can grow worse over
a period of days or weeks follomng the acadent It vanes from a discom
fort or ache to a sharp anginal pain

The electrocardiogram shows alterations from the normal The QR S
complex shows slurring and notching Deep Q waves large T waves high
take off of T and inversion of T were frequently encountered m expen
mental studies In our expeniments those deviations from normal usually
disappeared 1n the course of four to six weeks The electrocardiographic
changes that are due to hemorrhage disappear after the blood 1s absorbed
Those that are due to destruction of muscle are permanent
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'The diagnosis of cardiac contusion not infrequently becomes a problem
of patient versus insurance company Some of these problems are extremely
difficult to settle For example a man 1s thrown out of his seat 1n a tramn
acadent and strihes his chest aganst a seat He dies a few hours later
and coronary sclerosts 1s found at autopsy exarmination A woman, who
never had signs or symptoms of heart trouble 1s thrown from the seat n a
car acadent The lumbar muscles are bruised, but she does not hnow
whether or not she struck her chest Auricular fibnilation develops immed:
ately after the acaident Later an embolus lodges n a femoral artery and
the leg must be amputated Did this patient sustam an mjury to the heart
producing auncular fibrllation or did the injury accentuate a cardiac
lesion that was present but had not mamfested itself, or was the mjury
entirely incidental?

Following 15 a bnef summary of a case of cardiac contusion

A delivery man for a bakery twenty five years of age ran his truck mto an
automobile and demolished the front end of hus truck. His chest was throvn
forward against the steering wheel He transferred hus load of bakery goods
mnto another truck and proceeded with the dehvery He worked the following
day and experienced some upper abdominal pain  On the second day following
the accident he expertenced weakness and shortness of breath He continued
to work but on the fourth day consulted a physician At that time he had
dyspnea on exertton pamn in the chest and 2 pulse rate of 120 per muute
Shight discoloration of the skin was found over the left seventh costal carhlage
On the eighth day following the accident he worked fourteen hours but with
great difficulty The next day he was unable to work His symptoms were
weakness dyspnea pamn 1n the chest and pain down the rght arm He agamn
consulted his physician He was 1n bed at home for seven days and mn a
hospital for ten days He walked home and had to stop several times because
of dyspnea and weahness Blood stamed sputum appeared The heart dilated
and signs of failure appeared He died eighty five days after the acadent
Mural thrombr were found 1n the right ventricle and mn the Jelt ventncle
Pulmonary emboli were found and these most probably orginated from the
mural thrombus m the right ventricle The seventh costal cartilage was broken
The heart wall directly beneath thus cartilage had the thrombr The accident
<ustained by this patient was a steering wheel mjury which produced myocardial
contusion cardiac weahness dyspnea and pain mural thrombs pulmonary
emboli cardiac farlure and death

Treatment The symptoms can be transient and recovery rapid  Weak
ness and tachycardia may require rest in bed I have observed the \enh‘;
cles go from a rapwd ventricular tachycardia to ventricular fibrillation fo
lowing contusive trauma If quimdine can prevent the development ;"
ventncular fibrllation 1ts use 1n indicated Oxygen 15 indicated m tl;
presence of dyspnea and cyanoss Morphine and other sedatives show
be used to induce rest and quiet ¥l

Softening of the bruised muscle takes place especially the secoge
weech and there 1s a danger of rupture of the heart Exertion 18 to
avoided Stramming at the stool coughing etc are to be avoided Surge®
mtervention 1s indicated if rupture occurs It seems that operation ™ g
have been feasible in some of the patients in whom death occurred {m‘c
yupture In some of these instances the bruised area w1s not 0 ex(eﬂs‘ce
it that sutures could have been placed to close the opening 1n ventr
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orauncle A graft of fascia lata or panetal pericardium can be placed upon
the contusion to prevent rupture and the formation of an ancurysm of the
heart Up to the present time this operation has not been done on the
human heart We have repaired by suture rupture of the heart produced
experimentally and we have reinforced the heart wall by free grafts
Perhaps these procedures can be applied to the human heart The oppor
tunity to do this operation 15 fleeting but there are mstances in which
there 1s sufficient time to do the operation

HEMOPERICARDIUM

Hemorrhage 1nto the penicardial cavity oceurs in the following condi
tions Penetrating wounds of the heart and ntrapencardial segments of
the great vessels contusion of the heart without rupture of the heart con
tusion of the heart with rupture spontaneous rupture of an aurncle ar
ventricle rupture of a myocardial infarct rupture of an aneurysm of a
ventricle rupture of the base of a sclerotic sorta tumor of the heart
scurvy the hemorrhagic diatheses rheumatic fever

The hemorrhage can occur rapidly or slowly It can be constant until
death occurs or 1t can stop It can recur If the bleeding 15 slow or nter
miitent a large quantity of flud can be contained in the pericardial cavity
because the pericardium stretches in response to the continued low grade
pressure within

The clintcal signs and sy produced by an lation of blood
or bloody flud 1n the pencardial cawity vary with the rapidity of its
formation Usually the signs of acute cardrac compression are produced
but slow and intermttent bleed can di the symp of chromc
cardiac compresston

The diagnosis of hemopericardium 1s obvious i many mstances If the
nature of the fluid 15 obscure removal of flnd by aspiration 1s carned out
The thin bloody exudates are treated by aspiration rather than by
operation

The proper treatment nice p
bleeding from the right auricle took place 1n a case reported by Clowe
Kellert and Gorham There was no history of trauma m this patient
Exploration and suture of the auncle was mdicated m this condition m
much the same way as 1n a penetrating wound of the heart that emits
blood Mansell Moullin 1 & timely operation removed a blood clot from
the pencardial cavity 1 a boy who received a nonpenetrating cardiac
nJury in a rugby game We should not be too conservative in performing
Operation for purposes of exploration Sauerbruch operating for a condt
tion that he thought was a mediastinal cyst opened into an aneurysm
that came off the nght ventnicle The thin walled sac could not be closed

because the sutures tore out He then mserted two fingers into the struc
ture and plugged the communication with the ventricular cavity Excision
of the sac and closure of the ventricle were successfully accomplished

d R 3 des of

PURULENT PERICARDITIS

Purulent pericarditis should be suspected n any pattent who shows
s1gns of erther acute or (hronic compression of the heart 1n the pre<ence ,
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of infectton It can occur as a comphication or as a sequel to pneumoma
osteomyelitis, empyema of the thorax, throat imfections cholecystiis
appendiaatis pentombis etc The infection can be mntroduced through a
penetrating wound :n the chest It can be introduced with a foreign body
like 2 fish bone or a needle from the ) In some inst the
nfection 1s blood borne

Pus forms rapidly or slowly Usually 1t develops so rapidly that the
pericardium does not have time to stretch as 1t does 1n the stenle effusions
or n the tuberculous effusions The chnical picture 1s that of acute cardiac
compression, but edema, ascites and enlargement of the liver can appear in
a few days and the picture of chronic cardiac compression can develop

As a rule the patient 15 acutely 1ll The airculation 15 poor, the arteral
pressure 15 low the hands and feet are cold clammy and cyanotic, and
the patient 1s toxic from the infection The presence of purulent pericar
ditis should be suspected m every patient who has an infection such as
osteomyelitis or pneumoma and who 1s not doing so well as he should 1n
consideration of the infected lesson The pressure on the heart must be
released and the pus must be evacuated if the patient s hife 1s to be saved
This must be done as early as possible

After the diagnosts of purulent flnd 1s confirmed by aspiration of pus
open meision and drainage are carried out The operation should not be
any more extensive than necessary The anesthetic of chotce 15 novocam
Inhalation anesthesta must be carefully given because the patient tolerates
poorly any mhalation anesthetic drug The left fifth or sixth costal carit
lage 1s removed The pericardium 15 opened and the margin of the pen
cardial maision 1s sutured to the skin The pericardial cawity can be in
gated with warm physiologic solution of sodium chloride Antisephc
chemcals, especially Dakin s solution, should never to used Pemaillm
should be mven The pericardium cannot tolerate antiseptic solutions
Rubber tubes and dramnage maternals should not be placed m the pen
cardual cavity because of the possibility of erosion of a vessel Occastonally
a pocket of pus forms but 1n my experience the cavity becomes obliterated
without abscess formation and the wound heals The maidence of purulent
pericarditis has been greatly reduced by the antibiotics These may be
mjected directly into the pericardal cavity

A boy aged six years was admtted to the University Hosprials July 28
1935 with fever sore throat labored respiration and substernal pam His
illness began six days before admussion with sore throat and stiffness of the
neck The cervical lymph nodes on one side became enlarged Two days Later
pain on breathing appeared beneath the sternum and resptration became shallo¥
and labored The temperature was elevated The lungs were clear UP";]‘
admission to the hospital the patient was acutely 11l He was dyspnetc 2
cyanotic. The extremities were cold The pharynx was shghtly nject
precordium was quiet and did not show any pulsation The heart sounds were
distant and could not be clearly distinguished There were no murmurs ;'
area of cardioperrcardial dulness was increased The lver was tender “:S
slightly enlarged The pulse rate was 120 to 130 per minute The pulse “I .
thready and 1rregular  Respiration rate was forty two per rmunute The 535“’;
pressure was 86 mm of mercury The electrocardiogram showed slurrng
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QR S n all leads with deep S 1n Lead 1 T was upright 1n all leads and the
ST take-off was elevated in all leads

An asprrating needle was inserted nto the pericardial cavity and 100 cc of
greenush yellow thin pus t type four was removed The
circulation 1immediately improved after this flnd was withdrawn but the
mmprovement was temporary Aspiration was repeated on the {ollowmg day
with beneficial result but the 1mpi t was agam O
was carned out. Light nitrous oxide anesthesia was used The left fifth costal
cartilage was removed The 1nternal mammary vessels were higated above and
below The perrcardium was meised  Flnd spurted about 20 ¢m from the wound
‘Three hundred cubc of pus were The heart was covered
by fibrin. The pericardium was sutured to the skin  Marked 1mprovement in
the condition followed The following quotation was taken from my operative
note — This child represents a type of cardiac compression which 1s inter
mediate between the acute and chromc stages It s acute in that the artenial

it 15 markedly d and the veins are not enlarged It 1s chronic
1n that the liver 1s enlarged and edema 1s present m the scmtum and ankles
Empyema of the left chest and I ment

followed drainage All wounds healed and the patient was dlscharged from the
hospital October 26 1935 The liver became smaller The temperature was
normal and there was no evidence of infection

January 8 1936 the cluld was readmitted to the hospital for study He
showed shight evid of chrorc of the heart On the venous side
of the eirculation were the f festations of st
edema ascites pleural effusion each of shight degree Cyanosis enlargement of
the veins and enlargement of the liver were absent On the arterial side was a
systolic pressure of 85 mm of mercury and a dastolic pressure of §0 mm of
mercury ‘The heart sounds were normal

On June 11 1936 the patient was readmutted for study The arterial pressure
was 78 mm of mercury systolic and 60 mm of mercury drastolic The venous
pressure was 15 em of water The hiver was shghtly enlarged Slight edema of
the ankles was present The precordium was quiet The cardiopericardial
shadow was becorming smaller The heart was becoming compressed by the
contracture taking place 1n the scanfied pericardium The degree of compression

ime more marked during the next six months—a condition that anyone who

1s familiar wath the chronic compression triad could recognize 1n 2 moment and
recogruze by inspection alone without any of the special tests

He had (1) a quet heart as shown by inspection of the precordium (2)
1ncreased pressure in the superior vena cava as shown by inspection of the
enlarged veins 1n the neck and arms and cyanosis of the capillary bed 1n the
nails and (3) increased pressure i the mnferior vena cava as shown by mspec
tion of the swollen ankles and swollen scrotum and enlarged abdomen All
other mamfestations were secondary to these three primary components of this
disease triad As a rule the heart 15 normal before 1t becomes compressed
Compresston bemng an extrinsic disorder should not produce murmurs The
compressed heart 1s efficient although 1t 1s not ad te to mect the
of a normal intake and output It does not waste energy It undergoes atrophy
of disuse The x rays showed a progressive diminution 1n the size of the per1
cardial shadow during the preceding year The heart was not fixed in position.
The electrocardiogram showed low voltage and slurning of QR S complex
The drastolic systolic excursion was reduced (Fig 44) The veins were dis
tended Pulsus paradoxus was present The pulse pressure was 20 to 30 mm of
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mercury Ascites was present The liver was enlarged Subcutaneous edema
of ankles and scrotum were present

Operation December 3 1936 The scar was two to three millimeters n thick
ness ntimately adherent to the heart Sharp dissection was necessary to
separate 1t from the heart Separation was carried out over the anterior and
lateral surfaces and the scar was excised The heart dilated after this was done
ndicating that the compression was corrected The child made an execllent
recovery The cyanosis disappeared The venous pressure was normal Ascites
and edema disappeared The hiver became smaller The diastolic systohe excur
swon of the heart improved and the pulse pressure increased This patient 1s
now twenty six years old and has no cardiac symptoms

CARDIAC COMPRESSION DUE TO SCARS

Enology The compression scars are always extnnsic m ongin  They
never develop as a sequel or complication of an intrinsic lesion  They never
ongnate from rheumatic heart disease The infection finds entrance into
the pericardium from the pharynx lungs pleura or mediastinum How
ever, Dakin’s solution and other chemical irntants applied to the normal
pericardium of ammals result in scars that later undergo contracture and
produce compression of the heart In my series of operated cases seven
showed evidence of tuberculosis 1n the scars and thirty did not show ev1
dence of tuberculosis in the scar removed at operation Two of this group
of thirty patients however had tuberculosis elsewhere wathout showing
tubercles 1n the scar

Diagnosis The author s triad makes the diagnosis of chrome cardiac
compression sumple and infalible (Fig 3) Usually the diagnosis can be
made by inspection alone The ascites 1s apparent the distention of the
venous system 1s apparent and the quiet precordium 1s readily observed
Our understanding of cardiac compression has been greatly sumplified by
placing proper emphasts upon the compression and by elummating the old
terminology of adhesive penicarditis, Pick s disease, medastinopericardiis
and constrictive pericarditis together with the imphication that the heart
undergoes dilatation hypertrophy and failure because 1t pulls upon adhe
stons That the compressed heart 1s entirely free from these assum
disturbances even though adhesions are everywhere present has been
demonstrated beyond any reasonable doubt

Differential diagnosis as a rule 1s not a problem Obstructions else
where at the tnscupid valve at the pulmomic valie at the pulmonary
artery, at the mitral valve at the aortic valve and the aorta have charac
tenstics that make the localization of the obstruction at these sites posaible
I have seen several patients with the obstruction in the pulmorary bed due
to chrome pulmonary nfection and fibrosis with narrowing of the smaller
vessels 1 the pulmonary bed These patients showed the signs of stass “';
each vena cava with asates and cyanosis but the heart made 2 normfi5
diastohic systolic excursion In the absence of a quiet heart the diagnos:
of compression was not made and the fibrotic appearance of the lungs
placed the obstruction in the lungs m

Compression of the heart due to scar 1s to be differentiated frombwoo
pression due to other agents such as flwid 1n the pericardial cavity
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exudate transudate or 2 neoplasm The size and contour of the x ray
shadow helps here 1If fluid 1s suspected aspiration might be carned out
before operation 1s done In <everal of my patients the compression was
due to a combmation of flud and scar
‘The compressed heart 1s alwavs small The small atrophic condition of
the heart may or may not be suggested by the < ray shadow Scars vary
from one to about ten mullimeters in thickness and a thich scar can give
the atrophic heart the appearance of being either normal or enlarged
Preascitic Compression Scars  When the venous pressure 1s greater than
20 em water fluid filters out of the vascular bed into the abdemen pro
ducing asaites  When the pressure 1s less than this level ascites does not
develop On the basis of this one would expect mild forms of compression
without ascites and these cases do eust The venous pressure 1s 14 to 20
cm water The heart does not fill normally and the arculation 1s slowed
by this mild compression of the heart The symptoms are mild but 1t 1s
possible to recognize this condition 1 operated on <everal patients whe
had this condition and these patients were cured
Operation for Removal of Compression Scars In the past it was be
heved to be desirable to delay operation until the infectious process sub
sided as indicated by the ture of the patient The antibiotics
have changed this attitude and operation can be carried out earlier 1n the
course of the disease The patient 1s given a course of vigorous treatment
with appropnate antibiotics and the agents that are effective 1n tubercu
losis Holman and Willette reported eight patients with tuberculous per
carditis and m six of whom wiable tubercle bacill: were cultured These
patients recovered from operation and were well The patient 1s dehydrated
before operation Fluid 1s aspirated from the abdomen and chest 1f there
1s a considerable amount present The patient 1s digitalized before opera
tion Light anesthesia 1s used Respiration should not be depressed by
drugs My anesthetist uses a small amount of pentothal then mtroduces
an intratracheal tube and carnes the patient along with bght ether anes
thesia and relaxant drugs I use the Rand Wolfe resprrator for all cardiac
surgery and I think 1t 1s a great axd The anesthesia 1s such that the
patient should be breathing on his own and awnahe as the dressing 1s
applied to the mncision  The patient 1s placed 1n shight Fowler s posttion for
operation The left arm 1s extended The 1nasion 1s made between the
tl""d and fourth nbs and cartilages extending from the left border of the
sternum to the mudaxillary ne The chest should be draped so that the
ncision can be extended across the sternum to the interspace on the nght
The exposure of the heart 1s much better 1if the sternum 1s cut across and
retracted In the past I seldom cut across the sternum but now I recom
mend 1t The mammary vessels are securely higated before they are cut
The left pleural cavity 15 opened and 1f necessary the night pleural cavity
1s also opened If both cavities are opened then a drainage tube 1s placed
1n each cavity before the wound 1s closed The left phrenic nerve and the
vessels accompsnying this nerve are dissected carefully from the pen
cardium and retracted away from the operative area The scar 15 then
ncised and the proper plane 1s found between scar and heart As a rule
this1s done without difficulty but occasionally 1t 15 possible to cut thJthe-\,‘

i
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heart or cut a coronary artery One must be ever mindful that the coro

nary arteries may be cut or compressed by the finger I lost one patient
from pressure on an artery which fibrillated the heart and at that time
there was no method for defibnllation of the heart The scar 15 dissected
by sharp or blunt dissection, a hittle at a time Transverse cuts in the scar
open 1t up so that you can do this dissection with less difficulty As much
scar as possible 1s removed but 1t 1 not necessary to remove 1t posterorly
where 1t 1s almost 1impossible techmcally to remove 1t There 15 2 it to
the amount of dislocation that the heart can tolerate The base of the
heart should be carefully freed of scar mcluding auricles, aorta, pulmonary
artery and the venae cavae Sometimes you can observe where the scar
does most of 1ts compression and 1t 1s great satisfaction to remove scar
from these areas and observe result I recommend frequent rest periods
for the heart during which the lungs are nicely flated and meely deflated

The lungs must not be too forcibly inflated nor should they be continu

ously distended They should come up micely and go down micely with each
cycle of the respiration If an accidental cut or tear 15 made m any of the
cardiac structures 1t of course must be repared As a rule, with good
exposure, this can be reparred without difficulty If the rate goes up to 120
or higher per minute I r d cedilamd be given 1nt ly This
1s a digitalis preparation which can be given intravenously and 15 a very
mmportant drug m all types of cardiac surgery

Results Obtamed affer Resection of Compression Scars The results 1n
my cases up to 1949 were analyzed 7 There were seventy operatons on
sixty four patients There was one operative mortality from ventricular
fibrillation referred to above 15 per cent In the postoperative period
there were five from tuberculosis, five from other causes for a total of 157
per cent Two of these were due to infection and three were due to acute
dilatation of the heart Perhaps the acute dilatation could have been taken
care of by blood letting Deaths over a period of eighteen years were 5 0F
78 per cent These five patients were improved nsofar as compresston
was concerned One developed miliary tuberculosis and died several months
later one developed pneumonia several years later, one developed recurrence
of compression and died several years later and two died of unknown
causes There were forty eight living patients or seventy five per cent
and of these there are forty six complete cures and two with some recur
rence but who were improved Operation was not refused a single patient
because of seriousness of physical condition An analysis of my cases was
reported by Chambhss and associates

Heuer and Andrus reported nmeteen operations done on eighteen P2
tients over a period of eight years Of these seven were cured three
recently operated upon were improved and probably cured five wer?
improved but not cured and four were not improved Cure was obtain
In fifty five per cent of the patients Harrngton operated upon twenty
four patients Of these five died 1n the hospital There was one operative
death two deaths due to tuberculosis and three due to cardiac falure O
the eightcen remaiming patients mne were cured and mne were 1mprose
Cure was obtained 1 37 5 per cent of the patients
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THE PATENT DUCTUS ARTERIOSUS

In 1907 John Munro suggested that the ductus arteriosus might be
ligated if 1t remained patent There appears to be no record of an attempt
to perform the operation until 1937 when J W Strieder recorded an unsuc
cessful attempt to Ligate the structure i a patient who had bactenial endo
carditis John Hubbard selected the first patient upon whom the ductus
was successfully ligated by Robert Gross 8

Figure 6 1llustrates the shunt in the circulation produced by this com
muncation In this condition blood flows from the aorta where the pres

Firure 6 A Diagram of circulation showing the short ciremit of blood through
the patent ductus arterosus B Heart of a child three days old illustrating
patent ductus arteniosus (Nelson Loose Leaf Surgery 1927—ten years before
the first operation )

sure 1s relatively hugh mto the pulmonary artery where the pressure 1s
lower A part of the oxygenated blood 1n the aorta 1s returned to the lungs
and a short circwit 15 thus set up This shunting of the blood stream 1s
followed by certain complications In the first place the heart has increased
work placed upon it The left ventricle dilates and undergoes hypertrophy
1 a manner similar to that seen when a fistula connects any large artery
and vein as mn the femoral region or 1 the nech or axilla The nght ven
tricle also works agamst an mcreased resistance i the pulmonary bed
Endocarditis may develop at any time 1n a patient with a patent ductus
arteriosus Growth and nutntion can be affected by the condition and 1t
would appear that the wall of the ductus 1s sometimes thin and may
rupture

Sel, of tents The ind; for operation have become hiber
alized as surgeons gained experience 1n performing the operation and as the
sk of doing the operation has fallen The opportune age for operation 1s
four to s1x years but 1t has been done soon after birth 1 the presence of
heart falure and st also has been done 1n late adult hfe As a rule the
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operation 1s indicated when the diagnos:s 1s made Sometimes there are no
symptoms because the patient having been born with this lesion has never
experienced normal health and activity
The Operative Procedure Several types of approach have been used
Adequate exposure 15 necessary 1f the duct 15 to be dissected free and sec
tion of the duct carried out The writer uses a transverse mciston below
the left breast extending from the sternum laterally to the posterior axil
lary line The position on the table 1s such that the midportion of the
meision 1s uppermost The pectoral muscle 15 cut parallel to the skin
mnaiston and retracted upward An intercostal incision 15 made between the
third and fourth nbs A self retarming retractor 1s placed and the chest 15
opened for a distance of about 15 em The pleura just superior to the hilum
of the lung 15 cut along the vagus nerve The recurrent laryngeal nerve 1
wdentified and the duct 1s dissected free Sharp dissection 15 used and a
word of warmng 1s given not to use blunt dissection as 1t may tear the
duct pulmonary artery or aorta Dissection beneath the duct 1s facilitated
by a ball dissector which presents the tissue posterior to the duct so that1t
can be cut This ball dissector 1s a ball of metal 4 mm 1n drameter on a
handle shaped like a cane When placed beneath the duct the tissues are
presented so that they can be cut Special clamps are placed on the aortic
and pulmonic ends Ordmnary clamps crush these vessels and should not be
used Potts clamps are excellent for this purpose The duct 1s transected
between clamps and each end 1s sutured by a No 5 deknatel artenal
suture The techme that T use 1s a continuous mattress suture for the first
line and then come back to the starting point with an over and over con
tinuous suture If there 1s any bleeding when the clamps are removed an
additional sigle or mattress stitch 1s applied Some surgeons dissect the
aorta free and approach 1t laterally There are no mtercostal arteres at
this level I have never used this approach but if hemorrhage s encount
tered 1t 15 well to bear in mind that 1f the aorta 1s dissected free a clamp
can be placed across the aorta but parallel to the aorta so as not to occlude
1t and the bleeding point controlled I know of one mstance m which the
aorta was clamped across and this was followed by paralysis of the legs
The Potts clamp or the Beck aorta clamp will obviate this danger of trans
verse clamping These clamps are applied 1n the longitudinal direction of
the aorta Hemorrhage can be troublesome If the dissection appears tobe
too hazardous 1t 15 advisable to ligate the duct Two ligatures of narrow
umbilical tape are used together with one or two higatures of silk The
possibility of recanalization 1s shight
It 1s not advisable to suture the pleura over the vessels because if the
pleura 1s closed 1t may obscure any bleedsng from these structures The
writer operated upon a patient m whom the pericardium came up over the
duct and 1t was opened Several hours later the patient »as n arculatory
shock but only a small amount of blood had come out of the dramage tube
in the chest The heart stopped beating as the mcision was opened The
pencardium was filled with blood and the patient had acute compression OB
the heart The heart was resuscitated The bleeding had come from h
needle hole in the aorta and the blood entered the pericardium throug!
the small opening made at operation
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Gross reported a series of 568 patients in whom the duct was divided
and sutured The mortality was 1 7 per cent ® In a senes of 143 patients
operated upon by the wnter the mortality was 1 4 per cent

Patent Ductus Arteriosus with Reverse Flow This occurs in patients
with pulmonary hypertension when the pulmonary pressure exceeds aortic
pressure  When the pressure 1s the same 1 each of these vessels there may
be no flow through the duct and the flow may change or reverse 1itself as
the pressures change Reverse flow produces cyanos:s of the lower extrem:
ties while the hands head and neck are pink  If there 1s no flow through
the duct 1t 1s possible to clamp the duct cut the duct between clamps and
suture each end Following this procedure the pressure 1n the pulmonary
artery has a tendency to fall to more normal levels When pulmonary
artery pressure 1s higher than aortic pressure 1t 1s hazardous to divide the
duct because of the possibility of nght heart fallure Reverse flow due to
pulmonary hypertension 1s pted as a cont dication to operation
Reverse flow 15 sometimes associated with other cardiac abnormalities such
as pulmomc stenosis septal defects tricuspid atresia and transposition of
the great vessels

TETRALOGY OF FALLOT

The blue baby operation has received considerable attention due to
the contribution by Blaloch!® and Taussig Potts 11 Brock!2 and others
The term tetralogy of Fallot 1s generally applied to this lesion under dis
cussion because Fallot 1n 1888 described 1t However Landifort in 1777
and Hope 1n 1842 also described 1t The essential features of this lesion
consist of atresia or stenosis of the pulmonary artery dextroposition of the
aorta ventncular septal defect and nght ventricular hypertrophy The
features of this defect that concern us most are (1) an inadequate amount
of blood to the lungs and (2) a large amount of venous blood 1n the aorta
The point of practical importance 1s to delwver some of the aortic blood to
the pulmonary artery so that 1t can become oxygenated Blalock accom
plished this by turning a artery bel or carotid: to the
pulmonary artery Potts took a step farther and made direct anastomosis
between aorta and pulmonary artery These have been phenomenal devel
opments They have brought to light more blue babies than anyone
thought existed In a short term of a few years ﬂbout 1000 of them have
been operated upon 'The 15t t 15 marked
although 1t should be stated that the operation does not completely correct
the vartous defects It adds another defect but a beneficial defect—a
patent ductus—to those already existing

‘The chnical features are cyanosis and clubbing a heart of normal size
usually a murmur at the base and a pure second sound The electro
cardiogram shows night atus deviation The x ray shows absence of the
normal fulness of the pulmonary conus and clear lung fields Fluoroscopy
shows no pulsations at the hilar regions of the lungs There are many
vanables The oxygen saturation of artenal blood may vary from eighty
eight to ten per cent The exercu )! of the individual shows
marhed varation Operation s indicated for those who are severely hand
capped Fig 7 1s a photograph of Dr Blaloch
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gy of Fallot

id so much to stimulate the development of cardiac surgery

Ficure 7 Alfred Blalock (1899 ) whose shunt operation for tetralo;
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Selection of Patients The operation 1s indicated only 1n cases 1n which
the pnmary difficulty 1s lach of arculation to the lungs Operation 1s pos
sible only provided a pulmonary artery 1s present The pressure in the pul
monary artery must be loner than the pressure in the systemic artery The
heart must be able to tolerate the altered airculation ‘The heart should
not be enlarged There 1s no fulness of the pulmonary conus and no pulsa
tions mn the lung fields Usually there 1s absence of hilar shadows How
ever 1n patients mith extensnve collateral circulation these shadows may
become pronounced but are composed of an aggregate of fine shadows and
never show expansile pulsations

The operation 15 indicated 1n patients in whom cyanosis 15 present and
nadequate amount of blood enters the pulmonary bed The admixture of
blood 1s due to the over nding of the aorta with a septal defect beneath the
aorta The norta 15 considerably larger than the pulmonary artery and
drains a large part of the blood from both ventricles In some instances
the pulmonary artery 1s also narrowed and smaller than normal There
may also be infundibular or valvular stenosis at the pulmonary out flow
tract If there 1s a valvular stenosis present 1t 1s advisable to release this
stenosis rather than carry out the shunting operation The opportune time
for the operation 1s the age of four to six years although it has been done
m the newhborn and 1t has been done 1n adults The presence of cyanosis
and the reduction of pulmonary marhings are indscations for operation

The Blalock Taussig Operation The reader 1s referred to the ongnal

papers by these authors This operation 1s betneen a syst
artery and pulmonary artery The most desirable artery 1s the subclavian
coming off the but the te artery bemng only on the

nght side this favorable anatomical relationship can only be used when
the approach 15 on the nght side of the chest The wnter uses the left
sided approach 1n all cases The left chest 1s opened between the third and
fourth nbs The pericardium 15 opened transversely in order to examine
the pulmonary artery and the region of the pulmonary valve and the
wfundibular area of the nght ventricle If a valvular stenosis 1s present
the operation of choice 1s valvulotomy rather than placing a shunt Other
tages of g the d and exploration of the v
artery 1s1n the fact that the pulmonary artery may be so small that 1t may
be difficult to find the artery as it penetrates the lungs With the pent
cardium opened the location of the pulmonary artery coming imnto the lung
can always be d d The put y artery 15 d d free as 1t
enters the left lung The left subelavian artery 1s also dissected free up to
the pomnt where 1t breaks up 1nto several b hes It 1s then d d
whether or not the subclavian artery will be long enough to breach the gap
between the aorta and pulmonary artery In some cases every mllimeter
of length 15 y m order to blish a factory flow In some
instances the artery 1s too short to make a circular turn around the aorta
down to the pulmonary artery If there 1s any tension the artery should
not be turned down for this purpose If 1t 1s too short then an alternate
Pprocedure should be carried out as described below If the length of the
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artery 1s adequate, 1t 15 then cut across as far distally as possible It 1s then
turned down and sutured end to stde into the pulmonary artery Number
5 deknatel suture matenal 1s used for this purpose The suture may be
either everting or an ordinary over and over suture There are special
clamps which can pinch off enough of the pulmonary artery to open 1t
without occluding 1t These clamps possess a handle, steady the artery
without occluding 1t and facilitate anastomosis Expenence has shown
that the subclavian artery 1s about the proper size for the shunt in all
patients with tetralogy In children the lumen of the artery 1s small and
the shunt must be small In adults the artery 1s larger and the shunt can
be larger

As a rule the results of the operation are very satssfactory The color
becomes pinker the blood becomes thinmer, the clubbing of fingers and
toes begins to disappear, and the patient becomes stronger and more active
Even though the anatomical defect in the heart has not been corrected
some of these patients have led almost normal hives Several of my patients
have gotten marned and have had children and others have been able to
support a household Occaswonally as the patient grows in size tension
develops on the subclavian artery and the shunt becomes occluded The
murmur disappears the previous symptoms return and when this occurs
a new shunt should be placed

The Potts Smith Gibson Operation This operation consists of direct
anastomosts between aorta and pulmonary artery made possible by 2
special clamp which enables one to open the aorta without producing com
plete occluston of the aorta This operation accomplishes the same purpose
as the Blalock Taussig operation It has two advantages in thata systemic
artery 15 not sacrificed for the anastomoss and the operation has 2 Jower
mortality rate In this operation the side on which operation 1S done 18
determmed by the position of the aorta With a left arch the aorta comes
down on the left and lies close to the left pulmonary artery With the
aorta on the right side the operation 1s done on the nght side

Potts onginally made an opening 1n the aorta of ;0 1nch M
he reduced thus to 4, inch The opening can be made too large espect
m small children The wrter lost two young infanis from pulmo
nary edema which he attributed to the size of the stoma m the aorta If;
small mnfants the stoma should not be larger than % mch and perhaps ¥
should be shightly smaller The suture used 15 an over and oer contimuos
suture It 1s remarkable that clotting does not take place at the site of the
anastomosts m erther operation This 15 due to the rapidity of blood flow
through the anastomosis the systemic artery and aorta carrylig a f":
siderably higher pressure than the pulmonary artery and the plood was
ing away platelets and fibrin that tend to adhere to the suture line

Free Graft Between Aorta and Pulmonary Artery This operation Wi:
developed by the wniter 1n 1948 and has not been published It Cﬂg“tsc
1 placing a free graft of fresh artery or vein between the aorta an one
pulmonary artery In small children the segment of vetn 1s taken from o
of the parents In adults an autogenous segment of vern 15 used Whe!

ore recently
ally
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free graft 1s not available at operation a segment of subclavian artery may
be taken As a rule the frec graft need not bhe longer than 1 or 2 ¢cm to
bndge the gap between the aorta and pulmonary artery This operation
15 used 1n those cases where the subclavian artery 1s too short and also
those patients in whom direct anastomosis cannot be made In children
the stoma 1n the aorta should be 35 mm In adults 1t should be 4 0 mm

A speaial mstrument 1s available to punch out a circular piece of aorta A
Beck clamp 15 placed on the aorta The aorta 1s opened for several milli

meters A punch 15 introduced in the opeming made 1n the aorta The
graft 1s then sutured to the aorta wmith an over and over suture A symlar
procedure 1s used on the pulmonary artery After the operation 1s com

pleted 1t resembles a patent ductus arteriosus The graft lies 1n a good
position to remain patent There 1s probably also some advantage in using
a graft to avord making too large a shunt as may occur 1n direct anasto

mosis without a graft

DIRECT APPROACH TO PULMONARY STENOSIS

This form of treatment was mtroduced by Broch and consists n the
direct attack upon the stenosis An instrument 1s inserted nto the right
ventricle and directed into the area of stenosis If the stenosis 1s valvular,
the ning 15 cut and dilated by special mstruments If the stenosis 1s infun
dibular then some of the muscle on the cardiac side of the pulmonary
valve 1s cut and removed by special mstruments The direct approach has
much to recommend 1t Brock reported 140 cases operated upon by this
method Valvulotomy was done 1n fifty cases with good or very good results
n seventy four per cent 1mprovement in twelve per cent no improvement m
two per cent and a mortality of tuelve per cent Infundibular resection
was done in sixty two cases with eighty seven zero and thirteen per cent
respectively and in twenty eight cases infundibular resection plus valvu
lotomy were done with results of seventy two twenty one zero and seven
per cent respectively The total mortality was 11 5 per cent These results are
to be compared with those by Blalock and Taussig In 857 cases reported by
them the results were good or very good 1n eighty per cent 1mprovement
in three per cent no improvement m two per cent and a mortality of
fourteen per cent On the basis of these figures there 1s not much differ
ence 1n the results obtained by the shunt operation and by the direct
approach Each operation has 1its place each can produce a good or excel
lent result but the wnter beheves the tendency 1s towards the direct ap
proach The wrnter has had patients who were reheved by a shunt for
several years then the degree of improvement became less The direct
operation in these patients produced an excellent result

After the stenosis 1s released the patient 1s left with a ventricular septal
defect and surgery 15 now approaching a stage where even these defects are
bemng closed by open heart operation

COARCTATION OF THE AORTA
Coarctation of the aorta 15 a congemtal condition 1n which the aorta 1s
narrowed or completely obstructed This narrowing of the aorta produces
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an elevation of arterial pressure proximal to the obstruction and a reduc
tion of arterial pressure distal to the obstruction There are two types of
coarctation One 15 a localized narrowing of the aorta in the distal arch
usually at or beyond the remnant of the ductus arterniosus The other type
15 a generalized narrowing of the aorta anywhere along 1ts course

The final effect of coarctation upon the individual 1s sndicated by a
survey of autopsy matenal carried out by Reifenstemn, Levine and Gross
Accordmg to this survey there were four types of end result and each group
was approumately the same size These groups were as follows (1)
patients 1n whom there was little or no disabihity and 1n whom the coarcta
tion was not related to the cause of death (2) patients who died of bacte
nal endocardits or aortitis (3) patients who died of rupture of the aorta,
(4) patients who died of cardiac failure or intracramal hemorrhage

Infection was most common 1 the third decade rupture of aorta or
cerebral artery was most common 1 the second and third decades, and
failure was most common 1n the third, fourth, and fifth decades The
average lhife span was thirty years Coarctation 1s a serious condtion
Fortunately many of these conditions can be cured by operation

Chnical Manifestations  The artenal pressure in the arms 1s moderately
or markedly elevated Exercise brings forth a greater nse than normal A
difference of pressure 1n the two arms of more than thirty to forty mm of
mercury (Gross) may be suggestive evidence of the location of the coarcta
tion as proximal or distal to the ongin of the left subclavian artery The
pressure n the legs 1s reduced Femoral pulse may be absent Collateral
circulation between the high and low pressure beds develops by way of the
internal mammary arteries and 1n the intercostal artenes Pulsation 1n
these vessels 15 increased and can often be palpated The mtercostal
arteries sometimes erode the lower border of the ribs as shown by X 1ayS
The murmurs heard are vanable Complete obstruction of aorta, like com
plete ligation of a major artery 1s silent Partial obstruction produces &
murmur which can be heard between the scapulae 1n the nech, and over
the base and sometimes the apex of the heart Murmurs may ongnate
from other defects in the heart and great vessels and possibly also at the
ongmn of greatly dilated branches coming off the aorta The heart may be
enlarged and hypertrophic X rays taken 1n the proper planemn which the
aortic shadow 1s away from the vertebrae may indicate narrowing of the
aortic hnob and descending aorta Usually such evidence cannot be
obtamed X rays may show notching or scalloping of the inferior border
of the r1bs i their posterior and lateral portions The upper three nibs 40
not show such changes Visualization of coarctation by injection of dio
drast into the aorta 1s not recommended There have been 2 number ¢
serious complications attending this study and the dangers are greater
than the value obtained by visualization

Operation For the history of the surgical developmen!
of coarctation, reference 1s made to articles by Crafoord and Nyh
and Hufnagel 14 Clagett ! and Blalock and Park ¢ 4 and

The left chest 15 opened widely by a long ncision between the third &

t
f the treatmer
to n 13 Gross
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fourth nbs It 1s not necessary to remove & nb nor to cut them posteriorly
‘The pleura over the aorta 1s incised and the aorta 1s dissected free over a dis
tance of about 6 to 8 em Adequate mobilization of the aorta s essential Usu
ally the coarctation hes distal to the left subclavian artery As a rule there are
no small branches coming off the aorta n this dissection prouumal to the
coarctation The ligamentum arteriosum 1s dissected free clamped cut
and each end sutured The aorta distal to the coarctation gives ongin to
the intercostal artenies These are vanable ;n number size and position
Any of these arteres that anse from the aorta within a centimeter of the
coarctation are ligated and cut Dissection of the aorta 1s carnied distally
and an area 1s found between intercostal arteries large enough for applica
tion of the distal clamp Any arteries proximal to the distal clamp are
temporanly occluded After dissection has been completed a non crushing
clamp 1s apphed proxumally and distally to the coarctation The clamps
used are either those of Gross or straight or curved clamps of Potts The
Crafoord clamps are sometimes useful The left subclavian artery should
not be occluded by the proximal clamp 1if this 1s possible The narroned
area of the aorta 1s then excised by a heavy sharp straight saissors which
will make a clean cut The cuts should be on the bias and should be
parallel to each other both above and below so that the suture line after
1t has been made will have a large diameter after the two ends are brought
together The narrow segment 1s removed A series of interrupted mattress
sutures 1s then placed begmning 1n the posterior area of the aorta After
this row of sutures has been placed the two ends of the aorta are brought
together by the assistant who supports the clamps As a rule this can be
done without difficulty Each suture 1s then tied Ten or twelve mter
rupted Lembert sutures are then placed i the everted cuff of the aorta
As a rule 1t takes fifteen to twenty minutes to place these sutures and tie
them The distal clamp 15 then removed Usually there 1s no bleeding but
an additional suture may be necessary 1f there 15 bleeding The proumal
clamp 15 then removed Any clamps on al arteries are d
The pleura 1s sutured over the aorta The lungs are re expanded and a
drainage tube 1s ntroduced nto the chest

In the wrter s senes of fifty cases only one required a graft The graft
may be a sleeve of nylon of proper size or a homograft of an aorta After
the aorta 1s properly mobilized a section measuring 2 5 em can be removed
without graftmg It 1s advisable not to use a graft unless a direct
anastomosis does not seem to be possible Gross reported 19 of 180 patients
operated upon mn whom he used a graft but 1t 1s obvious from the illus
trations of these patients that a graft was not necessary n each of these
batients

Results of Operation The surgical procedure for correction of coarcta
tion has improved with 1 of The p: d of
choice 15 direct end to end anastomosis without a graft whenever this 1s
possible

In a senes of fifty consecutive cases by the wnter direct anastomosis
was possible 1n forty mne and a graft was necessary m one In 180 cases
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by Gross a graft was used in nineteen or about ten per cent There were
two deaths in the wnters fifty cases or four per cent One was due to
necrotizing artertolitis of the abdominal organs Three other smular com
plications have been reported by others One death was due to dehiscence
of the aortic suture hne about two weeks after discharge from the hospital
and was due to infectton In 270 patients by Gross the mortality was
seventeen or six per cent but 1n the last 100 the mortality was two per cent

The blood pressure usually falls after the anastomosis has been com
pleted and the clamps have been removed There are patients however m
whom hypertension persists after operation and in one of the wnters
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FicuRe 8 A Double aortic arch with trachea and esophagus betueen the
anterior and posterior portions of the aorta These structures were comP“"’fh
B The antenior portion of the double arch has been hgated and dwded thus
relieving tracheal obstruction

patients a cerebral hemorrhage occurred several days later from which he
recovered The pressure m the arms falls to normal n a week or tno in
eighty eight per cent n ten per cent some reduction occurs and 1n {0
per cent there was no reduction (Gross)

CONGENITAL MALFORMATIONS OF AORTA

Certain malformations of the aorta and its branches may Comp‘;ess
trachea and esophagus and produce dysphagia wheezing respirabion, St
dor retraction of the chest cough and pulmonary infechon Thes E‘i{mlf)’e
toms may be severe Compression of esophagus and trachea can usua znn s
wisualized by x ray and fluoroscopic exammation Angiocardiograms ed
visualize the aorta and itsbranches The trachea and esophagusare encxruc
by the double arch One arch 1s usually larger than the other In Gro ::h
the aorta comes off the heart in 1ts normal position The double &
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extends from night to left one part behind and one part in front of esopha
gus nnd trachen The arches jom together to the left and give nise to the
aorta The ] tum arteriosum lies on the left between

pulmonary artery and aorta just beyond the onmgin of the subclavian
artery The malformations of Group II are mirror images of Group I The
aorta anses to the left of trachea and esophagus one arch lies 1n front and
one behind these structures The arches join together to the nght of
esophagus and trachea to form the descending aorta which lower down
crosses to the left ssde The higamentum artenosum 1s attached to the
night pulmonary artery and aorta just beyond the ongin of the nght sub
clavian artery

It 15 possible to relieve some of these obstructions by igation and section
of the anterior arch (Fig 8) In some cases section of the ductus arteriosus
elther alone or 1n conjunction with the section of the arch gives relief

REVASCULARIZATION OF THE HEART FOR
CORONARY ARTERY DISEASE! !¢

Introduction 'This subject has been mnvestigated by Beck and his asso
aates since 1932 and over 5000 expenimental operations were done on the
coronary blood vessels of the heart This work has established 2 new hne
of thought on this subject It 1s reasonable to state that the coronary
problem now can be defined with better understanding and this prormses
to bring about more effective treatment

Many avenues of approach to this have been d by
these workers Many of these as has been the experience m all research
contributed httle to our knowledge but 1t was necessary to mvestigate
them Certain facts have been established and from our present pomnt of
view these seem to have an enduning nature and will lead to better under
standing 1n the future Certainly there will be no progress in the treatment
of coronary artery disease 1f our thinking does not change Except for the
anticoagulants the attitude of the pmfessnon towards this disease has been
static and ding No t of the profi has earned resp
bility for what 1t has been able to do 1n the treatment of this disease The
treatment consisted of sedation rest oxygen and pills and there 1s ne en
dence that any of these medical measures add or subtract a single drop of
blood to 1schemic myocardium Change 1n this attitude 15 a requirement
The old must yield to the new

Definition of the Problem !* There are two aspects to this problem
One concerns the total amount of blood available to the myocardium and
the other concerns the distribution of this blood to every part of the myo
cardium  The capacity of the coronary artenes to carry blood 1s many
more times as much as the capillary bed accepts and needs In severe
disease the lumina of the coronary arteres sometimes are so narrowed that
one wonders how the heart could beat with so httle blood On the other
hand there are nstances mn which the heart showed only shight artenal
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stenosis and no myocardial infarct and one wonders whv the heartbeat
was destraved

About ten per cent of the victims of the disease die from what we call 2
“muscle death * There 15 msufficient blood entering the heart to preserve
the beat and failure develops Little or nothing can be done by operation
for this group of patients The other mmnetv per cent of the patients die
from an uneven distnbution of the blood that gets into the heart There
1s enough that gets m but 1t 15 not evenly distnbuted and this uneven
distribution leads to the production of electnc currents which destroy
the coordinated beat This type of death we refer to as “mechanism
death” According to Yater and associates, one third of all vichms of the
disease have no mfarct old or recent Much can be done to help these
patients by operation

The Stable and Unstable Heart 20 An even distribution of oxygen to the
heart produces electrical stalhity an uneven distnibution produces elec
trical instability A umformly pink heart 1s stable, a umformly cyanosed
heart 15 stable a pinh heart contaiming a cyanosed area 1s unstable and a
cyanosed heart contnming 2 pink area 1s unstable (Fig 9) Stabihtv 1s not
related to the supply of oxygen delivered to the heart because oxygen can
be cut off for minutes and the deeply cyanosed heart remamns electncally
stable When differences 1n oxygen content are created expenmentally,
then electrical eurrents are produced which can destroy the coordiated

& These diff can be produced 1n the pink heart and m
the cyanosed heart These currents are responstble for the vast majonty of
deaths from this disease These deaths are not due to mnadequate blood
supply nor are they due to destruction of myocardum They are due to
electrical currents m the heart and this heart without these currents would
not fibrllate and could keep on beating for years The major emphasis
therefore i the treatment of this disease should be placed upon these
currents which 1n turn are related to the distribution of blood When the
distribution of blood m the heart 15 even then these currents do not deselop
and the heart 15 1 a good position to sustain one artenal occlusion alter
another until the mflow 1s reduced to such a level that the beat can 1®
longer be sustained and the patient dies 1n farlure

An Axlom In Coronary Artery Occlusion The fate of the patient
pends upon the of blood available to the muscle beyond the
occlusion This 15 a self evident fact Addition fo or subtraction from thus
available amount alters the fate of the patient after occluston

A of Blood N y to Preserve life Experments by m¥
associate, David § Leighninger showed that when the descending 1S
of the left caronary artery was ligated mn one step at its ongm 300 ¢ P
hour to the ischemic area were necessary to preserve the heartbeat Whe:
the arcumflex ramus was ligated 390 cc per hour to the ischemic ’"Et
were necessaty to preserve the heartbeat These quantities do not pm'e;
agamst the formation of an nfarct They mahe 1t possible for the hea

to heep on beating

d
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The Mautz Gregg Backflow ! This important method of measurement
15 carmted out by placing a ligature on erther the errcumflex or descending
ramus of the left coronary artery then sevening the artery distal to the
Iigature and determimng the amount of blood that flows from the cut end
This blood comes from the intact arteries In normal dogs the amount
vanes from <everal drops per minute to 8 or 9 cc per minute but 1n two
dogs 17 and 21 cc were obtained These dogs with high backflows have a

Pericu d a
Phrenic arte

FIGURE 10 Left side of chest 13 opened by naiston between the fifth and sixth
nbs as indicated in the inset The ncisions are by the
broken lines

good functioning set of intercoronary channels They were born with them
and these dogs would survive descending or circumflex artery ligation
They may be regarded as protected hearts Nine per cent of mormal
human hearts have a good set of intercoronartes They also were born
with them These are the humans who survive an occlusion and if the
disease 15 not too severe after the occl they make a splendid recovery
It 1s desirable to mve the mnety one per cent of the people an equally good
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set of 1ntercoronares so that they also will have a better chance to survive
artenal occlusion The average backflow in dogs 1s 8 8 cc per mmute or
228 cc per hour

Operatien The various steps mn the operation are ilustrated in Figs
10 11, 12,13 14,15 The patient 1s placed on his right side with the left
side up An mncision 1s made between the fifth and sixth nibs from the
sternum laterally for about 20 cm A self retaining retractor 1s placed and

A

FIGUPE 11 Placing a suture around the coronary sinus B needle pmem;;::rs
the left atnum 1n a direction parallel and close to the sinus Needle sz he
turned 1n a clockwise direction minety degrees to emerge Just superior
smus ‘Temporary traction sutures are mn the fat to expose sinus

the nbs are spread apart for 10 em The pencardium 15 opened on e;?;
side of the phrenic nerve and the lining of the penicardium 15 thorozguc
abraded The heart 1s carefully explored for mnfarct, arteral disease 12 ot
tion of pulsation aneurysm and enlargement of the heart A nee}i ats
a prece of silk 1s passed around the coronary sinus 1 or 2 cm Aro obe
stoma 1n the auricle The surface of the heart 1s carefully abraded };obe
3 mm 1n drameter 15 placed on the sinus and the silh 1s ied on t};:s szc o
The probe 1s then removed and this narrows the sinus to about the
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FiGure 12 Partal higation of the coronary sinus The lgature 1s tied on a
stilet 3 mm 1n diameter asin A B and C and the stilet 15 removed after the
ligature 1s tied as m D
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the probe Three tenths grams of powdered asbestos are placed on the sur
face of the heart The pericardium 1s loosely closed The pericardial fat
with 1ts independent blood supply 1s spread over the surface of the heart as
a graft Sometimes, but not often, anastomoses develop between the fat
and the heart A dramnage tube 1s placed 1n the chest Two sutures are
placed around the nbs and the soft parts are closed wath sitk

What Does This Operation Accomplish When Applied to Normal Dog
Hearts? When the descending ramus of the left coronary artery 1s Iigated

FICURE 13 Epicardium removed by special burs  Necrotizing chemucals shoutd
not be used for this purpose

at 1ts origin 1n one step n normal dogs the mortality 1s seventy per Ce::e
When this operation was performed on the normal dog and then at 50! e
subsequent time this same test artery was higated the mortality ?;se
twenty six per cent The mortality was reduced forty four per cent btcav
of the operation Likewise the size of the infarct m the dogs that surv‘lon
ligation was reduced by sixty to seventy per cent because of the operd lru
The electrocardiogram showed fewer abnormalities because of the OZ%eCC
tion The Mautz Gregg backflow was increased from an average of th "]
per hour 1n normal dogs to an average of 510 cc per hour 1 the ope
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FIGURE 14 Sprimkling of an mflammatory agent (02 to 03 Gm of coarsely
ground askestos) over the entire surface of heart
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dogs This 1s an increase of 282 cc¢ per hour produced by operation In
other words, the operation made available the equivalent of a transfusion
of 282 cc of additional blood per hour to the 1schemic area of myocardium
when the circumflex artery was occluded and this blood was available at
the time of the occlusion It was made available by the presence of mnter
coronary artenial channels (Fig 16)

FIGURE 15 Periardium partially closed Meduastinal fat 13 used to cover u::

heart as much as possible Here 1t 15 brought beneath the bndge of pem:ardluu
the artery and vem In most nstances It

attached to the nght border of this bridge of tissue

Selection of Pahents Three groups of patients are acceptable for oper
ation The first group includes those patients who nced the operation 5 2
prophylaxis against coronary occlusion 1n the future So far no P““e"“:
this group has been operated upon but recently a patient, age forty oné
requested advice His father and two uncles died at an early age from
coronary artery occlusion He wanted to know whether he should hﬂti
the operation because of his famly history My advice was he should ha
the operation done now at a time when the rish was mmimal or absent ““e
should occlusion develop later on he would be n the group of mnetl";’r‘y
per cent of the humans who are born with a protective set of mterwl'ogﬂw
artenes The second group of acceptable patients includes those who
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had coronary msufficiency without an infarct Operation should be done
m this group when d of coronary ffi y 1s made The third
group includes those patients who have had one or more mfarcts Six
months should elapse between the infarct and operation

Certain patients are not canddates for operation These include patients
with extensive disease enlargment of the heart, and signs of myocardial
fallure Patients who are having progressive symptoms should be given a
penod of time for the disease to become quiescent before the operation 1s

UNPROTECTED

FiGURE 16 The average backflow from the aircumflex artery in seventy normal
hearls was 228 cc per hout The average backhflow in forty one hearts after
operation had been done was 510 cc per hour Operation added 282 cc per
hour This 1s equivalent to a transfuston of Life saving blood to the ischemue
rauscle This blood 15 available at the ernisis of an occlusion and helps the heart
to meet this cnisis  Medical measures do not add a single drop of blood to
1scheratc muscle

done 1f there 1s any question concerning the acceptability of a patient at
any given time deciston for delaying the operation 1s made and the patient
15 re evaluated later If the blood pressure should fall to 80 mm Hg under
anesthesta before the mcision 1s made and 1f the blood pressure does not
nse to about 100 mm Hg after waiting one-half hour the operation 15
cancelled and 1s not done at a later date

Limitations of Medical and Surgicol Treatment Nerther form of treat
ment cures coronary artery disease Neither stops the narrowing process
1 the arteries  Neither restores degenerated myocardium The operation
1S not a guarantee that the patient will not get a fatal occlusion later on
What the operation does accomphish 1s to change the coronary circulation
so that when an occlusion occurs the heart 15> more hikely to tolerate the
occlusion than 1t would without operation It should be understood and
accepted that a patient can be improved after operation so that he can do



450 CARDIOVASCULAR DISEASE

a full day’s work One of my patients worked for mne months, then s
pam and disabihty recurred and he died three months later This patient
died not because the operation did not help him because 1t did help hum
for mne months He died because his disease got worse and coronary
inflow was reduced to levels not compatible with hfe Scientific evaluation
requires a reasonable attitude towards this disease
Results of Operation This operation was applied to 170 pahents with
coronary artery disease i a penod from January 1951 to January 1956
Some of the patients accepted during this period had enlargement of the
heart and were regarded as salvage cases The operative mortality was two
patients The early postoperative mortality was nine patients, making a
total of eleven patients or 6 5 per cent A long term follow up study was
made on 137 patients who had gone 1x months to five years after opera
tion The average follow up period was two years Eighteen out of this
group died which was 13 1 per cent  We do not have a strctly comparable
group of nonoperated patients for companson Lindgren reported a semes
which probably most closely resembles ours and the mortality 1n this non
operated group 1n two years was thurty per cent We believe that the oper
ation protects the human heart i the same way 1t does the dog heart
Human specimens show 1ntercoronary vessels and 1t 1s reasonable to expect
this operation to be a hife saving procedure for patients who have coronary
artery occlusion
The clinical results 1n 100 patients who have gone from six months to
five years after operation are fayorable Forty per cent of these patients
state that they have no pain whatsoever and forty-eight per cent state
that they have less pain than before operation This 15 a total of exghty
eight per cent who have had rehef from pamn The results were analszed
from the standpomt of their ability to work Thurty four per cent stated
that they were better able to worh and had no hnutations Fafty six per
cent stated that they were better able to work than before operation but
that they did have some moderate limutation of actiity From the stand
pomnt of bemng able to work minety per cent showed improvement Some
medical cardiologists believe that these favorable results are based on the
mental reaction of the patient toward the operation rather than and
favorable changes which were produced 1n the coronary circulation In
view of the scientific measurements upon which this operation 18 based
this attitude 15 scarcely less than nihilistic Most of the patents state
that the tightness 1n their chest leaves them as early as three or four day>
after operation Most of the patients say their pain 1s better before they
leave the hospital Occasionally the patient does not expenence IMPOSE”
ment for three or four months after operation Never had we had the
experience of a patient condemning the operation as not having heIPed{
him and 1n our best patients the results are almost unbeliesably good ASO
May 29 1956 the last sixty consecutnve patients were operated upon a0
the mortality was ¢
Other Operations for Coronary Artery Disease Other surgeons ha;\e
worhed on this subject and operations have been dev eloped which bear the
names of Thompson - Vincherg 23 and Fauteux 24 Thompson used talcum



SURGERY OF THE HEART AND PERICARDIUM 451

powder applied to the surface of the heart as an inflammatory agent He
has operated on a fairly large number of patients and results have been
good Vimeberg has used the internal mammary artery as a graft to the
left ventricle ‘Thus artery 1s dissected free 1t 1s ligated and cut but one or
more of the small branches to the intercostals are left open This naked
artery 1s then pulled into a tunnel into the wall of the left ventncle
Artertal commumcations develop by a process referred to as budding
Both of these operations have been tested in the wrter s laboratory and
1t was found that the Vineberg operation 1s beneficial on the basis of pro
duction of intercoronary channels by the trauma of the operation The
Thompson operation was also beneficial on the same basis of the inter
coronary channels Neither of these procedures 1n our hands produced as
much protection as the operation described by the writer The Fauteux
operation consisted of higation of the magna cordis vein and removal of
nerves at the base of the aorta

RESUSCITATION 5

Introduction  When the heart stops beating and deaths at hand ven
tricular asystole or ventncular fibrllation replace the heartbeat The
factor producing death 1s not alnays hnown Sometimes a senes of cond:
tions lead up to it A drug used in anesthesia may be the cause a reflex
anowa, accumulation of carbon dioxide mampulation of the heart blood
loss position of the patient on the operation table intrinsic disease i the
heart and other conditions may be the cause of death Sometimes the
accumulation of eleciricity in the heart may destroy the coordmnated
mechanism and produce fibnllation Often the death factor 1s small
reversible and preventable In view of these facts prevention of cardiac
arrest and the resuscitation procedure are of great tmportance mn saving
Iife and they should be meluded 1n the trammng courses 1n medicine both
mn the undergraduate and postgraduate levels The surgeon and the
anesthetist must necessarily be able to apply the procedure Society
regards this knowledge as a requirement of the medical professrton Courses
1n resuscitation are given 1n various parts of the country

Who Con Be Resusatated? It 1s difficult to draw a hine between those
who can be resusaitated and those who cannot be resusatated Several
general statements may be made If success 1s not possible then the proce
dure should not be attempted In this group in which 1t should not be
done are the patients who have been dead for over six minutes patients
who have ble disease nclud cancer 1 ghomas severe
isease m the heart and other conditions In the group mn which 1t should
be done are the patients with a good heart and a good pair of lungs
Patients who are having tonsils removed a herma repaired teeth extracted
and many other medical or surgical procedures Resuscitation has been
extended to patients who had fatal heart attachs from coronary artery
disease Two successful cases have been reported and 2 new door to med:
cal progress has been opened by these successful cases Most victms of
coronary artery disease do not die of reversible damage m the heart they
die of electrical currents mn the heart and these can be dissipated by pump
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g the heart by hand In some of these patients the death factor 1s a
small factor simlar to stopping and starting the pendulum of a clock, or
turming on or off the igmtion switch of a motor car Sometimes the only
thing the heart needs 15 a second chance to beat

Necessary Apparatus and Supplies These include a kmfe to open the
chest and a tube to inflate the lungs Later on a self retaining retractor
relieves pressure on the wrist of the hand pumping the heart A properly
fitting intratracheal tube with an inflatable cuff and a bag of oxygen are
desirable A shocking device 15 necessary when the heart 1s fibnllating
Anesthetic agents are sometimes needed and clamps and hgatures to close
the chest are needed

The essential 1tems should be at the head end of every patient who 15
operated upon whether the anesthetic be general or local This should be
a rule laid down mn every hospital These 1tems are an 1ntratracheal tube,
a laryngoscope, a rubber bag, and a tank of oxygen

Can R Be E fed Beyond the Hospital? This 15 indeed,
possible 1f the y 1 and t are available The people
who die on the golf course, at an athletic contest, watching television and
s0 on are good candidates for resuscitation because they die of electric
currents in the heart These currents are produced by oxygen differentials
m the heart muscle One area has a higher oxygen content than an adja
cent area and currents are produced These currents are not related to
nfarction of muscle they may form without infarction and the heart may
be a good organ capable of beating for years

Success has spread from the operating room to the other parts oflthe
hospital In the University Hosprtals of Cleveland a ful p: N
was started on a medical ward and completed mn the operating room
Another patient dressed 1n his street clothes, about to leave the hosputal
after getting an electrocardiogram fell over dead from a heart attack He
was saved This patient 15 practicing medicine mne months later

Extension of the procedure to society at large mvolves several problems
which can only be mentioned One 1s the trammng of nonmedical personnel
to open the chest and pump the heart Another problem 1s to provide
resusaitation kuts which contamed all necessary supplies and these kats
could be serviced at regular mtervals Another problem 18 acceptance by
society Perhaps medicolegal problems would anse No doubt hves could
be saved by this development

The Resuscitation Procedure

1t should be divided into two parts Failure to break 1t down 1o these
parts leads to confusion and falture

Part One This consists of restoration of the oxygen system Nothing
else matters when the oxygen system has stopped except startg 1t agan}:)
Tt 15 started by introducing oxygen 1nto the lungs and then circulabing ! :
oxygen to the brain  The best way to get oxygen mto the lungs 15 to ‘"Sf}:e
an intratracheal tube connect the tube to a bag of oxygen and squeeze b
bag The best way to arculate 1t to the bram 1 to pump the hear‘lhi
hand The chest must be opened wide enough to get your hand on
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heart then the heart 1s emptied The cnsis 1s over when these two things
have been accomplished The brain cells degenerate in three to five minutes
without oxygen and this time hmitation can determine success or failure
These precious moments should not be wasted one should not “monkey
around and this 1s more than a figure of speech

Part Two This consists m restoration of the heartbeat The emergency
action 15 over but arculation of oxygen must be continued with nothing
longer than momentary mterruption at any one time As a rule the heart
beat 15 easily restored A few squeezes of the heart often starts 1t beatmng
If 1t does not start nght away the penicardium 15 opened and the heart 13
observed An electrocardiogram may be taken If asystole 15 present 4 cc
of 1 to 10 000 epinephnne solution 1s mjected mto the cavity of the night
ventricle If fibnllation 1s present the heart 1s shocked using larger elec
trodes on each side of the heart and about 1 5 amperes of current Some
times fibnllation recurs 1n which event repeated shocks are necessary
Sometimes 2 to 4 cc of one per cent procame solution mjected nto the
cavity of the nght ventncle will aid 1n stopping the fibnllation Then
epmephrine and massage are used and the heart will start beatng When
dealing wath a good heart 1n a patient whose bramn has not died one should
continue with his effort at resuscitation for several hours if necessary Any
good heart can be made to beat again

Recommendation Special traxmng in resuscitation should be a require
ment for the practice of surgery and anesthesta In the absence of trainmng
1t 1s recommended that one of the speaial courses be taken

OPERATIONS ON CARDIAC VALVES

In the first edition of this work 1940 the following statement was made
Ten attempts on the mitral valve were carried out—seven by Cutler ¢ one
by Allen and Graham "7 one by Souttar -3 and one by Pnibram ® Doyen
inserted a kmife mnto the night ventricle for the purpose of cutting a stenosis
of the pulmonary valve The patient died a few hours after the operation
and at necropsy there was found a congenital narrowing of the conus
arteniosus and perforation of the interventricular septum Gnffin tred to
dilate a stenotic aortic valve by inserting a finger through the invagmnated
wall of the aorta

‘The wnter spent two years 1n the experimental laboratory working on
the mitral valve under Cutler and assisted him 1n operation on patients
The human hearts that we studied were preserved in formaln the valve
leaflets were erther Iike shoe leather or caleified and 1t looked as though a
piece would have to be excised from the valve in order to reduce the
stenosis This in turn created insufficency Not a single specimen was
exammed 1 which the leaflets were soft and the commssures could be
broken open It 1s possible that later on the sulfa drugs and the anti
biotics have made the pathology of the valve more amenable to surmeal
correction The ventncular approach was used The chest was opened by
sphitting the sternum longitudinally The operating room dripped with
drama It required great spint to do these operations and Cutler s name
deserves a place 1n the development of heart surgery even though this work
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did not establish this operation as an acceptable and beneficial procedure
{Fig 17) In 1946 new interest developed mn this subject and the names
of Bailey, Smuthy, Brock, and Harken are associated with the development
of the operation for metral stenosis as we know 1t at the present time 30

Mitral Stenosls

Selection of Panients How much incapacity 1s necessary mn order to
recommend surgical operation? Is the diagnosis of the disease enough for
operation? In general the attitude 15 towards early operation especially 1f

Fioure 17 Elhiot C Cutler (1888 1947) For hus sustamed and long term
effort 1n the surgical research laboratory working on the heart and for hus early
atternpts to operate on the mitral valve

the x ray shows left aunicular enlargement and 1f there are early s1gn8 of
fatigue and dyspnea on exertion Auricular fibnllation 1s an added mdlcél
tion for operation because of the possibihity of embolt Rheumatic :zr:txv;l ls!
should be treated intensively and operation should not be done untl thr
subsides Only occasionally 1s the operation done under twenty years 3
age There 15 almost no limitation to the operation because of the sermun
ness of the illness  Patients with sesere falure and weight loss have b“w
accepted for operation  Mitral regurgitation 1s not a contramdicatont .
operation An important problem 1s to decide whether stenosis 15 l:iescn
with the regurgitation In some of these cases exploration 18 ndicat nbc
it 1s determined at operation whether there 1s any stenosis that can
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relieved by operation It 1s readily possible to pass up some of these
<everely crippled patients who could be helped by operation In patients
1 whom the decision for operation s difficult the following conditions
favor operation—nght ventncular hypertrophy high pulmonary artery
pressure the absence of marked left ventncular hypertrophy and a dias
tolic murmur
Operation The approach 1s usually through the left side between the
fourth and fifth nbs A purse stning 1s placed around the base of the left
auncular appendage A non crushing clamp 1s placed on the base of the
dage and the appendage 1s opened The nght index finger 1s mtro
duced through the appendage The finger feels for regurgitation the anat
omy of the valve leaflets the presence of calcium n the leaflets the con
dition of the two commssures the size of the mitral orifice and the cordae
tendinae If there are any clots adherent to the auncular wall these are
not dislodged ‘The valve 1s opened 1n the commussures Special knives are
used but 1n the majonity of patients the commussures can be torn open by
the finger The finger 1s then withdrawn and umbilical tape 1s wrapped
around the terminal phalanx another glove 1s placed on the hand so that
the tape 1s covered and the valie 15 opened n stages up to a measured
diameter of 25 cm or larger If the commussures cannot be torn open in
this way the commussures are cut When a cut 1s made 1t 1s not always
possible to avord creating some regurgitation The appendage 1s hgated at
1ts base 1t 15 amputated and the base 1s sutured
Complications The most important lication 1s the of
a clot 1n the auncle or breaking off a prece of calctum whuch 1s carned to
the brain  If the appendage contans clots these can be removed and free
clots can be flushed out of the appendage If the auncular wall and the
appendage harbor an extensive clot 1t 1s advisable to select an area where
there are no clots for the approach This can readily be done Dislodged
clots have been removed from the carotid artenies the aorta and the vessels
of extremuties after operation on the valve Sometimes the rheumatic
fection flares up hately after operation or weeks or months later
Because of this possibility prophylactic pemcillin or sulfa drugs are given
for several months after the operation
Results The clinical results after operation are excellent as a rule If
the patient has a tight stenosis and some of them are as small as 6 mm 1n
diameter and 1f the valve 1s soft and readily opened the results are indeed
excellent These may be regarded as cures There are various degrees of
improvement ranging from none to good Some of the valves are heavily
caletfied and after the valve 15 opened 1t still stands out 1n a transverse
direction and does not allow free flow of blood Another factor that may
mpair the result 1s the presence of regurgitation The myocardium 1s
sometimes the seat of rheumatic infection and 1ts capacity to function may
be impaired The nish of the operation 1n the best type of patient 15 almost
2er0  In patients with extensive disease with accompanying regurgitation
with caleified valve with extreme enlargement of the heart with the pres
ence of clots with emactation (and some may weight only 363 to 409 kg
[80 to 90 1b 1) then the nish of operation 15 bigh When such a patient

diclad,




456 CARDIOVASCULAR DISEASE

15 operated upon 1t 1s a calculated nish that 1s being taken and sometimes
1t 15 advisable to accept the rish because occasionally considerable help
can be given by operation, sometimes more than was anticipated

Mitral Insufficiency

This 15 a very common lesion and surgeons have been trying to devise
operation whereby the regurgitation can be reduced So far this effort has

FIGURE 18 John Gibbon Jr (1903 ) For hus onginal work
on open heart surgery

not been altogether unrewarding There are some successful cases wher:
the valve ning was narrowed by sutures but by and large this developmen
remains for the future It 1s indeed difficult or impossible to place Sum{fi
using the closed method, ¢ e where you cannot see mside to placle he
sutures Open heart surgery would be an smportant aid for dowg plas
operations on the valves

Aortic Stenosls

lation
15 lesion can b rovement in the ¢ircy
Th: e torn or cut open with 1mp! e tal Jalve

It 1s not nearly as amenable to surgical correction as th heavy
because the deposttion of calcum in the aortic valve may be "c”ﬂ're w0
and the danger of the operation 15 considerably greater There
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approaches to the valve One 1s through the left ventnicle A dilator s
miroduced through the wall of the ventndle and into the onfice of the
aortic valve There are instances m which the orifice 1s so small and the
plane of the valve 1s so tilted that even at autopsy 1t 1s not possible to
enter 1t As a rule the onfice 1s entered and the calaified tissue 1s crached
open Some of these valves are so calaified that they cannot function as
valves There 1s danger of fibnllating the heart by touching the septum
There 15 also a problem of hemorrhage from the wall of the ventricle

‘The other approach 1s through the aorta The aorta 1s pinched off with
a Beck or Potts clamp The aorta 1s opened and a sleeve of nylon 15
sutured to the aorta This allows entrance and exit to the valve Time can
be taken to find the aortic onfice without making a false passage The
valve s then crached open The sleeve 1s removed and the aorta 1s sutured

The operation can produce good results The mortality ranges from
about ten per cent 1n the most favorable cases to twenty per cent or higher
m patients with severe failure In these patients a calculated nsk 1s taken
when the prognosis without operation 1s a matter of a few months of life

Aortic Insufficlency

Hufnagel devised a plastic valve which contains a ball and which allows
blood to go in one direction This valve 15 1n several sizes It 1s placed in
the aorta just beyond the descending part of the arch It s indeed remark
able that this valve can remain in situ after it has been placed In this
Position the valve prevents backflow beyond the valve It does not prevent
backflow from arms and head Patients have been mmproved by this opera
tion The nisk 1s high 1n patients with advanced disease Some surgeons
who have done the operation do not recommend it n therr hands and
refer the patient to Hufnagel for lum to do the operation 31

ATRIAL SEPTAL DEFECTS

There are several types of defects in the auricular septum referred to as
absent septum ostium primum ostium secundum and atrioventriculans
commurus  These defects are devel 1 D 1s established by
cathetenzation of the heart Operation 1s mndicated 1n those patients who

ave pt nuld pul y hypertension early cardiac
failure and those 1 whom there 1s a large shunt The operation should be
done before severe pulmonary hypertension develops The operation 1s not
Tecommended 1n patients with no symptoms and small shunts For the
correction of these defects some surgeons have opened the heart and
sutured the defect under vision Others have employed various procedures
which do not envolve open heart surgery One of these methods consists
of using a finger 1n the night atnal appendage as a gwide to placing sutures
between the nm of the defect and the atrial wall A series of sutures
brings the atnal wall and the defect together so that 1t 1s closed In domng
this operation care 1s taken not to occlude partially either vena cava
Another method consists of placing a suture on a large shightly curved
needle so that the septum 15 puckered together when the suture 15 tied
The suture 15 passed 1n the atnal wall close fo the aorta but not m the
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aorta 'The needle 1s gmded by a finger in the auncle The needle pene
trates the septal wall around the defect and emerges supenor to the coro
nary sinus Some defects can be readily closed mn this manner When the
defect extends down into the interventnicular septal area 1t 1s not possible
to close the defect Open heart approach will probably make some of these
operations successful The prognosis 1n patients with severe pulmonary
hypertension s grave and this 15 a contramndication to operation The
nish of operation 1s about ten per cent mortahity Closure of the defect
can produce complete cure

INTERVENTRICULAR SEPTAL DEFECT

These have been closed by open and closed methods but the techme has
not advanced to the stage where operation 1s recommended After open
heart surgery has been made safer these defects probably will be closed
successfully without a high mortality At present operation 1s not recom
mended for this lesion

OPEN HEART SURGERY

'The onginal :dea of open heart surgery was concenved and studied by Dr
John Gibbon Jr of Philadelphia He spent many years worhing on this
subject during a period when no one else was interested He has made 2
monumental contribution to surgery In the past decade many surgeons
have become interested i this development Many methods have appeared
There are now many different oxygenators pumps, defoaming devices, ete.
all aimed at making 1t possible to open the heart Venous blood 15 removed
from the venae cavae 1t 15 otygenated and then returned to an artery
The heart 1s then opened and corrective operation carred out Then the
various tubes are removed There are many problems m this worh and
these can scarcely be discussed 1n this chapter Progress 1s bemng made and
no doubt positive steps will be accomplished out of a large amount of effort
now beng made Greater success 1s Just around the corner so to 5pe
This 15 the credo of the scientist and 1t heeps him trymg to do things
better The heart has been opened under conditions of hypothermia and
this method has been more successful 32 It 1s scarcely necessary to com
ment upon the possibilities of open heart surgery One of the most press
ing 1s the repatr of mitral insufficiency
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Cardiovascular Surgery

Introduction For centunes the therapeutic problems of heart disease
whether vascular valvular or myocardial were considered to be almost
entirely within the province of the ntermist Wnth the demonstration that
the heart and great vessels could be p 1 d and ded
with safety and dispatch provided certain basic pnncxples were heeded an
entirely new concept of cardiac anatomy pathology and phystology has
emerged As a result, the past decade has witnessed the development of
cardiac surgery assume a position of major mmportance to chmasg a half
century of far reaching surgical achievement This does not imply that
surgeons of the present era are of greater skill or bolder in their approach
to seemingly impregnable pathologic situations On the contrary the re
verse may well be true for 1t has been the intrepid and fearless courage
of many unsung proneers of the past working in uncharted seas that has
paved the way for present day developments

Cardiovascular surgery has not only the very considerable problems of
its own inherent anatomic and pathologic dxstcrtlons thh which to con
tend but also must face and the pl 1 d pre
sented by its surrounding environment the thurax Thus the evolution
of this surgery has been the natural development of thoracic medicine and
surgery itself in all 1ts aspects—laboratory e ] and cl 1
and it 1s therefore mmpossible to point out any one cornerstone or pillar
upon which the vast structure of such a pyramiding new enterprse rests

Developmental Considerations Of primary importance in 1ts develop
ment, however, are these basic contributions (1) The knowledge of the
embryologic and anatomic development of the heart and 1ts adjacent vas
cular structures as they occur normally and wherein they deviate into the
many congemtal malformations many of which are now recogmzable
climeally (2) The accumulation of pathologic data pertammng to the type
and forms of distortion left in the wake of certain acquired disease entities
such as rheumatic fever, syphihs artenosclerosis traumatic mjures, acute
wfections and the like (3) The heart bemg as 1t 1s a pump carnes out
1ts work according to established t 1 and pl
Normal measurements of this activity have been reccrded by the physiolo
gist for years A*ly devnahon due to defects within the pump 1tself or its

ular att: are ble and such physiologic data
i health and disease are of paramount importance in the proper apprecia
tion of the surgical problem at hand (4) Improvements 1n anesthetic meth
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ods and the development of controlled respiration (posttive pressure)
within the open thorax have overcome the hazards of the collapsed lung
so that thoracic and, of course, cardiovascular surgery can now be carred
out with the same measure of confidence enjoyed in other branches of
surgery not confronted by this problem (5) Agan, as in surgery as a
whole, the availability and proper use of blood transfusions to combat
shock and antibiotics to prevent infection, both ntravascular and within
the pleural and pencardial spaces, have supplied a great measure of safety
unknown 1 years gone by

A ical and Physiol ! Considerations 1n General The heart 15
a hollow, muscular pump contaiming four separate and distinct chambers
separated by muscular septae and thin, phable valves The blood, having
traversed the body, returns to the right atrium through the supenor and
nfenor venae cavae It then passes through the tricuspid valve nto the
right ventricle, through the pulmonary valve and mamn pulmonary artery
which divides, sending branches to the two lungs The pulmonary artery,
although called an artery carries venous or unoxygenated blood The
blood returns to the left atum wia the pulmonary vems which con
versely carry artenal or oxygenated blood although called veins From left
atnum the circulation passes through the nutral valve nto the Jeft ven

TO HEAD AND UPPER EXTREMITIES

TO TRUNK AND LOWER EXTREMITIES

Fiourel D of normal
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tricle and out into the aorta through the aortic valve Having traversed
the entire body the blood again enters the night heart to endlessly repeat
the cycle (Fig 1)

Thus the heart and penipheral circulation 1s a completely closed system
and as such 1s affected or responds according to the established principles
of flind crrculating in a confined and 1solated cirewit No major or even
minor defect (such as an obstruction leak cross commumcation etc)
anywhere 1n the heart or circulation can exist without eventually exerting
a profound effect upon the entire system both locally and as a whole For
example a peripheral arterio venous fistula will show the local effects of
inadequate circulation of the affected extremuty and within time the heart
1tself will enlarge and decompensate because of the additional circulatory
strain Sumlarly the pulmonary circulation and the right heart will evince
failure secondary to obstruction within the left heart such as 1n mtral
stenosis so that one can never der a card blem as af
fecting one 1solated area alone

The heart 1s actually two hearts beating simultaneously each consisting
of two chambers and two valves and <eparated from 1ts fellow by an intact
atrioventncular septum Normally there can be no intermingling of
blood between the two hearts save by passage of the blood from the right
side through the lungs and nto the left heart In effect therefore the
heart surrounds the lungs It 1s natural under these circumstances that
the first subjective wndication of heart disease 1s frequently pulmonary
{dyspnea hemoptysis etc) for the lungs reflect the mechamcal integnty
of the vascular pump

The nght heart 15 thinly muscled The vascular pressures within 1t are
low It needs only to propel the vascular stream mto the equally low
pressure pulmonary vascular bed and has no need for the development of
high heads of pressure The left heart with 1its attached aorta, on the
other hand must maintain hugh pressure levels within itself and through
out the body and 1t even supphes the mmpetus for the airculating blood
to return to the thorax through 1its venous extensions For this reason 1t
15 a heavily muscled structure capable nf great effort under normal condi
tions and even greater under at In
should there be an abnormal openimg (congenital or otherwise) between
the two hearts or therr circulations the shunting flow of blood will be from
left to nght from high pressure to low pressure Only under extreme cir
cumstances can night stded pressures equal or surpass left heart pressures
with a resulting night to left shunt (ad d mutral st
tions of congemtal defects as in the tetralogy of Fallot etc) described
below 1n the text

The valves of the heart—four m number—are normally thin phable

cellophane like structures They are passtve mn nature and in themselves
cannot actively contract They open and close only m response to pres
sure changes on their two sides and thus can be buffeted about by the
cardiac myocardium at will They are designed as are valves in all me-
chanical pumps to heep flud moving 1n one direction only—forwnard The
tricuspid on the night and the mitral valve on the left perform the heaviest
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duty, as they each he between two constantly contracting muscular cham
bers For this reason, their cusp margmns are reinforced by a system of guy
wires (chordae tendineae) attached to papillary muscular extensions from
the ventricular myocardium and contract with it, thus drawing the chordae
tendmeae taut to prevent eversion of the valve cusps into the atnia as they
close durng ventricular systole The pulmonary and sortic valves e withm
the orifices of therr respective vessels termmating the outflow tracts of
the right and left venincles Each consists of three sail like cusps attached

Portic Valve

Tricuspid  Valve Mitral Valve

FIGURE 2 Anatomucal dissection of the heart to show the posttion and structure
of the cardiac valves

and cupped 1n such a way as to flatten agamst the vascular wall durmg
systolic ejection and appromimate perfectly along thewr CUsp margins
durmg ventneular diastole The cusps of the aortic valve are somewhaz
thicker and stronger than those of the pulmonary valve for they mus'
cope with greater intracardiac and vascular pressures The aortic valve
1s further comphcated from a surgical reconstructive pomnt of vied by the
presence of the coronary artery onfices lymng ymmediately distal to the
valvular attachments and thus, they too may become affected by and
pathologic change within the valve itself (Fig 2

Three of the four valves are readily accessible to surgical explotd
The tricuspd and mitral valves can be reached routinely by the explonng
\ndex finger of the surgeon through the auncular appendage without l‘:‘e
terfering apprectably with intracardiac circulation The pulmonary w(he
Iies superficially within the exposed pulmonary artery extendng from

tion
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supenor anterior aspect of the nght ventricle and can be palpated either
through the intact pulmonary arterial wall or by ntroducing the finger
through a small incsion 1n the outflow tract of the nght ventricle The
aortic valve on the other hand 1s the most maccessible for it hes deep
within the cardiac mass Although 1t can be reached through the wall of
the aorta 1t 15 best and most safely approached by using probe lhike instru

ments wmtroduced through the left ventnicular myocardium near 1ts apex

Such instruments are gmded upward into the valve by following the
course of the interventnicular septum {(described below 1n the text)

In general 1t may be stated that most of the pathologic conditions with
which the surgeon must deal 1n the night heart are congemital 1n nature
whereas those in the left heart are acquired This refers primanly to
valvular distortion to be sure but such a dictum can be used as a rough
axiomatic rule Defects within the interatnal or mterventncular septum
congenital 1n nature, are strictly speaking neither nght nor left but the
surgical approach 1s usually from the night side

Diagnostic Considerations In every subdiviston of medicine and sur
gery there are certain diagnostic methods peculiar to the organ or func
tional system under suspicion Although not primanly responsible for the
recent renassance of cardiovascular surgery nevertheless angiocardiog
raphy and cardiac cathetersatzion have been developmg simultaneously
with 1t and already have gone a long way toward a2 more complete clanfica
tion of the more obscure malformations with which the surgeon must be
prepared to cope It 15 almost axiomatic that the cardiac surgeon must
know before surgical intervention the exact diagnosis or location of the
offending lesion for he does not enjoy the latitude of exploration avail
able to the abdomnal surgeon The heart hes between the pleural reflec
tions of the two lungs and therefore must be approached as a rule
from one side or the other When partially exposed 1t cannot be handled
indiscnmnately dislocated or turned about in quest of the trouble The
surgeon must depend upon what he sees on external surfaces palpatory
thrlls gentle 1ntracardiac probe or dimtal exploration rather than gross
mampulation lest serious and fatal cardhac arrhythmas develop For these
reasons 1t 1s of the utmost smportance that whenever possible 2 pinpoint
dragnoss be at hand so that defimtive surgery can be directed immediately
to the pathology and corrective procedures carned out with dispatch

Angiocardiography 15 a method of cardiovascular visualization in which
an opaque 1nert substance (diodrast seventy per cent 1s commonly used)
1s myected 1nto the venous circulation 1n sufficient quantity and concentra
tion to outline that portion of the vascular bed under suspicton When
used for exammation of the heart and great vessels the course of diodrast
as 1t passes through the cardsac chambers from nght to left 1s followed by
a roentgenographic device capable of taking a rapd succession of films

(one to two per second) which can then be examned for the suspected
malformation This type of study 1s particularly adapted to the detection
of lesions within the mght heart and pulmonary artery although in small
children 1t may be quite adequate to outhine the cardiac chambers on the
left as well as the aorta (Fig 8) In larger children and adults 1t 1s often
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FIGURE 3 Angiocardiogram of the normal heart and great vessels A D‘“;‘i:";:,
outhning the supenor vena cava (1 & 2) nght atnum (3) and oumoWB x 1ght
nght ventricle and main pulmonary artery (4) at its bifurcation rterial
ventricle (1) man pulmonary artery (2) branches of left pulmonary SEC
bed (3) and night mam pulmonary artery (4) C Left ventricular outfl 1nate
(1) the aorta at 1ts arch and shown within the upper abdomen 2 mniﬂ:ng‘o_
artery (3) carotid arteries (4) nght subclavian artery (5) D Latera
gram showmng the complete sweep of the thoracic and abdominal aorta

of greater value, when lesions of the aorta are suspected to mhoducfn ;}rl:
dye directly nto the aorta where its high concentration sunpliesm the
adequate visualization This 15 necessary, because dye passtng 63“
nght to left heart must traverse the tremendous pulmonary vas et
where 1t may become so diluted in the total blood volume as to maarwg
useless as a visual ard when 1t reaches the left side Thus direct
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raphy for delineation of aortic 1 tal and d has
also become a standardized proced h 1ts use seems essential

Cardiac catheterization when properly performed and ntelligently in
terpreted 1s an even greater aid to intracardiac diagnosis than ango
cardiography By exposing a small vein 1n the antecubital fossa of erther
arm or if necessary, using the saphenous vein 1n the upper thigh a long
phable catheter of small cabiber can be mtroduced into the major vemns of
the extremity passed on into the vena cava (supenor or mnfenor) thence
mto the nght atrium, through the tricusmd valve and into the rnght ven
tricle By gently mampulating the exposed end of the catheter its mtra
cardiac tip can be guded into the outflow tract of the nght ventricle,

L .

FlIGrre 4 D of cardiac cath showing the
catheter passing up the right basilic vein down the supertor vena cava nto the
nght atnum through the tncuspid valve nght ventncle and pulmonary valve
and lying 1n the man pulmonary artery It can be passed on imnto erther nght
or left pulmonary artery Pressure tracings as shown below from the nght
ventricle and pulmenary artery

through the pulmonary valve into the pulmonary artery and out mnto exther
of 1ts night or left branches as far as the size of the vessel will perrut For
obvious reasons 1t cannot be passed on wmnto the left heart although con
siderable information concermng the left atnum and ventncle can be ob
tamed indirectly without actually entering those chambers (Figs 4 & 5)

The mformation derived from this study 1s primanily of three types and
when correlated with the chmeal symptoms and findings will often lead
to an exact diagnosis which heretofore could only be suspected but not
proved

(1) As the catheter 1s opaque 1ts course during mtroduction may be
followed fluoroscoprcally Should 1t take a course obviously contrary to
normal pathways such as entering the left atrium from the nght through
an interaunicular septal defect this deviation can be immediately detected
and diagnosis established Thus the observable course of the catheter
acting as a probe may upon provide the 'y 1nforma
tion although 1its use in this manner s understandably lumted
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¢ basihe
cle (2)

FIGURE § Cardiac catheterization The catheter 13 passed up the righ
vein down the superior vena cava into the nght atrum (1) night ventn!
pulmonary artery (3) and to the pulmonary venous capillary (4)

(2) At any pomnt during the passage of the catheter, blood samples
may be withdrawn and subjected to laboratory analysis for oxygen con
tent Such samples are usually withdrawn from the vena cava af vanous
pamnts within the right atrium and ventncle as well as 1 the Pum""“‘z
arterv and 1ts branches As the normal values for oxygen saturation &
well hnown and estsblished in all these areas any deviation above 'n:
niormal becomes readily apparent and direct evidence of an artenal shu
trom the left heart between the atna ventncles, os from aorta 1o P“O(
monary artery, can be ap ted Thus, arter admixtures
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blood within the nght heart as detected by oxygen content can herald
the of tnt d hes at any level particularly those n
which there 1s an abnormal opeming between the two sides of the heart
(3) Smmlarly, by attaching a manometer to the exposed end of the
catheter, pressure readings at any lesel can be recorded Agam normal
pressure ranges in all the above described areas ar. Fnown If the normal
pressures have become mcreased erther mn a localized area or throughout
the nght heart, it denates a shunt of blood from the high pressure left
heart into the low pressure night heart or of an obstruction (valvular or
othermise} to the normal flow of biood nte the pulmunary vascular bed
It must be clearly und d that y and cardiac
cathetenzation are purely diagnostic adjuncts 1n the overall study of the
cardiac patient There can be no substitution for the clmical apprassal
of the expenenced cardiologist who must be i attendance working i
complete cooperation wnh the cardhac surgeon whenever surglcal mter
\enhon 1s being dercd His um 1n addition to a th

tion, with steth evaluation, has long included the
electrocardiogram, an estimation of circulation times venous pressures
when mdicated and lete cardiac hy with lateral and
oblique exposure as well as the standard postero antenor film Banum
should alwass be emplosed to autline the esaphagus for the detection of
indiidual chamber enlargement In recent years careful and mtelligent
fluoroscopic exammnation of the heart with observance of its total and
dvidual chamber size and action has taken on great sigmficance and s
perhaps as valuable as any other single objective diagnostic axd By the
correlation of all available data the cardiac anomaly or defect can usually
be d with a ¢ derable degree of Under these condt
hons the surgeon can resort to lus operative wntervention with greater
and the proced will be attended by a marked degree of

success
In any new and raptdly developmng field of surgical endeavor 1t 1s 1t
perative for the student to have a proper and thorough understanding
pnman]y nf those condmans for which the surgeon has developed an
{1 and stand: dure—aone which has proved tself by
the passage of txme Toward thxs end the following outlme has been pre-
pared which will provide the basic framework of successful cardiovascular
surgery to date To this 1 years to come Wil be added many other con
ditions both congenstal and acquired, for which surgical intervention will
be advisable

Cardiorascular Surgery
A Congemtal
I Great Vessels
2 Fatent ductus artenosns
b Coarctation of the aorta
II Intracardiac
a  Pulmonary stenosis.
b Tetralogy of Fallot.
¢ Trncuspid atresia
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d Septal defects—auricular and ventncular
e Transposttion of great vessels
B A ed—heart and pericard
I Trauma
II Infections
a Acute pericarditis
b Chronic constrictive pericarditis
III RE heart d valvular
a Mitral stenosis
b Mtral mnsufficiency
¢ Aortic stenosis
d Aortic mnsufficiency
IV Tumors of the heart
V Coronary artery disease
C Cardiac standstill and resuscitation

D Extracorporeal circulation and corporal hypothermia

A CONGENITAL

I Great Vessels

(a) PaTeNT DUCTUS ARTERIOSUS

Defimtion The ductus arteriosus 15 a vascular commumication between
the pulmonary artery and the aorta during fetal hfe At burth, or shortlg
thereafter, 1t normally atrophies to form an obliterated fibrous cor
(hgamentum arteriosum) When 1t fails to mvolute, and remams an open
vessel 1t 1s called a patent ductus arteriosus Synonym-—ductus (Fig ©)

Pathophysiology During the penod of gestation, the fetus 15 2 ccmh
pletely parasitic structure whose every requirement 1s supphied throug!
the maternal placenta The fetal lungs therefore do not carry out ther
normal function of respiration and consequently there 1s no necessity for
the entire circulation to pass through the pulmonary vascular bed Thu:,
nght heart outflow passes into the mam pulmonary artery and much Df}]:'
nstead of proceeding nto the lesser circulation flows directly through the
ductus artenosus mto the aorta This can occur, for the fetal heart }{135
not developed 1ts eventual gradient of pressure (left higher than 118
nor does 1t do so until after birth At this stage nght and left heart pre;
sures are equal Essentially then, the lungs are by passed but the ;‘0
tinity of the circulation 15 mamtamed The first gasp of the new ors
child mbates expansion of the lungs and a vast pulmonary ‘ilst
cular bed 15 opened 1n its entirety to recewve the outflow from the ;1’5
ventricle A low pressure lake of great size 15 now available to the o
from the night ventncle hence tahing the course of least resistance B
mal pulmonary parenchymal flow 1s est1blished tial oF

At this point, the ductus arteriosus being no longer erther essen e ihs
desirable begins its obliteration process which may take weehs or :ﬂ"n but
Many theones have been advanced as to the etiology of thus mvolutio
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FIGURE 6 Heart and great vessels to show the anatormcal location of the patent
ductus artenosus.

no actual reason 15 known other than that the established Jaws of natural
devel proceed bly despite the incomprehension of man
In a small percentage of instances reasons again not known the ductus
does not obliterate and 1ts continued patency brnngs about a reversed
effect Right heart blood now passes normally through the lungs returnmng
to the left heart and on out the sorta Left heart and aortic pressures
however are now higher than those m the pulmonary artery leading to a
reversed shunt (left to nght) of flow from aorta to pulmonary artery (Fig
7) In consequence a considerable portion of left ventncular outflow leaks
back 1nto the lungs so that a sizable volume goes round and round from left
heart to lungs and bach to left heart The mechancal effect of such m
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TO HEAD AND UPPER EXTREMITIES

TO TRUNK AND LOWER EXTREMITIES

FIGuRe 7 Ductus arteriosus abnormally patent after birth showing reversal of
blood flow (aoria to pul y artery)—d t

efficiency as years go by 1s obvious The left heart must compensate for
this lowenng of effective diastolic aortic pressure and 1t does 50 erther by
worlang harder or faster m 1ts attempt to mantain an effective systemic
arculation It therefore wears out much earlier than would 8 norm®
heart to account for the greatly shortened life span of patients 50 af
fhcted Left ventrcular hypertrophy eventually develops as does great
dilatation of the pulmonary artery, mn response fo 1ts unnatugal environ
ment of high pressure blood flow Death results then from either heart

failure or sub bactenal endocardiis the latter nfection becomm%
supenimposed on the stramed and traumatized tissues of the ductus ;e
the pul y artery O lly, rupture of the ductus of of 1

aneurysmal dilatation of the pulmanary artery 15 responsible for sudden

disaster One of the great contnbutions to surgery and mankind has beent
the development of a simple and effectve method to interrupt this vicioss
cycle of events

Chnical Findings The average sized ductus gives mse fo few, 1f any
toms during childhood Its 15 usually detected by dlwoverlnl[l

on The know

arents 12
th and

ymp p
a murmur dunng an acute illness or at routine examnat
edge that their child has a heart murmur mav then lead the P
suspect minor deviations from their other normal children Grow
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development, as a rule, are within normal hmts although after surgical
correction the child will usuaIly develop more rapidly an indication that
] and had been present Cyanosis 1s absent
Dyspnea palpitations and exercise mtolerance are not noted until early
adult hife when congestive heart failure 15 an ever present threat
The cardiac findings are usually very characteristic and diagnostic
There 15 a continuous murmur through systole and diastole located max
mmally in the second left intercostal space transmtted upward into the
supraclavicular area It has the quality of runming machmery,’ and a
humming top ora tram in a tunnel ’ An associated thnill 1s frequently
present Very occasionally the systolic or diastolic component of the mur
mur may be faint or absent making 1t difficult to be certain of the diag
nosis on auscultatory grounds alone A widened pulse pressure (normal
systolic and lowered diastolic pressure} develops according to the size of
the shunt and the age of the patient
Supporﬁve Data Fluoroscopic and x ray exarmnation when carefully
will di te of the pul 'y artery mark
mngs and the increased pressure 1n these vessels may almost be visualized
by the wvigorous pulsations at the hilus of the lungs (hilar dance) The
il 'y artery conus of the left cardiac border may be prom

nent

The electrocardiogram 1s usually normal In older patients some evidence
of left ventricular strain may be seen Right axis deviation 1s rarely 1if
ever seen unless there be some additional cardiac anomaly to complicate
the picture

Angiocardiography 1s of Iittle or no value unless the opaque dye 1s intro
duced directly into the aorta above the lesion Rarely the ductus may be
outlined 1n this manner but most commonly the presence of a ductus can
only be suspected by observing simultaneous opacxﬁcatxon of the aorta
and the pulmonary artery The find of an m the

y artery and a localized 1 1ts oxygen content by cardiac

cathetenzatwn 15 further corroboratory evidence

Surglcal Technic Ligation or division of the patent ductus, as perfected
and practiced since 1938 resulis m a surgical cure provided resort to
operative mtervention has been made before the heart and great vessels
have become too greatly damaged The operative mortality 1n childhood
should not exceed one per cent In patients with secondary complxcatmns
such as actual or impending heart failure, sub: 1
and the like the mortality may be somewhat higher For this reason the
diagnosis of patent ductus artenosus in a child over the age of two 1s
considered indication enough for surgical correction without further delay

e presence or the history of subacute bactertal
early surgery after a smtable period of antibiotic sterihization has elapsed

In 1907 Munro delwered a treatise before the Phiadelphia Academy
of Surgery entitled Ligation of the Patent Ductus Artenosus 1n which
he made a plea for greater diagnostic efforts in this condition Although
he even presented 1n detail an acceptable surgical approach 1t was not
until 1938 that Strieder made the first courageous attempt on the living
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PATENT DUCTUS
ARTERIOSUS

PULMONARY
ARTERY 36l

thod
FIGURE 8 Surgical obliteration of patent ductus by the multiple ligation mel
(transfixion suture through the middle)

PATENT DucTUS
ARTERIOSUS

PULMONARY
ARTERY

g 2

FIGURE 9 Surgical division of patent ductus arteriosus



CARDIOVASCULAR SURGERY 475

patient demonstrating that the operation was certainly feasible The sec
ond such patient was operated upon later in the same year by Gross who
firmly blished the p dure and sul 1y refined his technic to
msure maximum safety and excellence of results

Ligation Technle The left chest 15 opened widely to gain exposure of
the hilus of the lung and the supenior mediastinum The pleura overlying the
vagus nerve 1n the region of the aortic arch 1s incised The left pulmonary
artery and the recurrent laryngeal nerve can be 1dentified by locating the
pomt of maximal thnll which always lies over the pulmonary artery The
nerve 1s carefully 1solated and retracted away from the ductus which 1s
turn, d d from 11s surr ding fibrous attach: ts for the pl t
of ligatures Two small umbilical tapes are tightly tied one at the aortic
end and the other at the pulmonary artery end of the ductus One or
more transfixion suture ligatures are placed through the central portion
(Fig 8)

Division and Suture Technic While the general approach to the ductus
1s the same 1f 1s usually necessarv to 1solate the ductus left pulmonary
artery and adjacent portions of aorta more completely and to clean these
structures thoroughly of all areolar attachments Actually for best results
the 1dentical technic should be carred out when hgation 1s contemplated
This then permits the application of a par of specially deviced ductus
clamps one close to the aorta and the other close to the pulmonary
artery These clamps will not easily ship nor will they crush the vessel
The ductus 1s divided and the two free ends are closed with continuous
artenal sith (Fig 9)

In recent years the trend has been toward dwvision of the ductus be
cause of the possihity (remote when properly performed) of recanahza
tion of the ductus higated 1n continuity On the other hand division of the
ductus may be somewhat more hazardous especially in the hands of the
oceasional operator leading to a higher mortality The procedure most
easily safely and completely performed by the individual surgeon 1s the
procedure of choice

(b) COARCTATION OF THE AORTA

Defintion Coarctation of the aorta 1s a congenital stenosis complete
or partial usually found 1n the descending arch just distal to the sub
clavian artery It s frequently associated with the ductus or higamentum
arteniosus Thus anomaly was first described i 1761 by Morgagm (Fig 10}

Pathology There are two vareties of aortic coarctation the mnfantile
and adult types The infantile type 1s less common occurning in not more
than five per cent of cases It s seen primanly 1n the newborn or the very
young and 1s commonly assoctated with other congenital abnormalities
It 1s characterized by a long and difuse narrowing of the aortic segment
mvolved and often 15 more proumally located than s the adult type The
aortic 1sthmus that area between the insertion of the ductus and the sub
clavian artery 1s the area involved However the narrowing may mclude
the entire transyverse arch and extend at times down mto the ascending
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FIGURE 10 Heart and great vessels to show the anatorical Jocation of coarctation
of gorta (adult type)

portion Ocmsxonally the ductus arteriosus will be patent and when thxles
the case, should the coarcted area lie proximal to the ductus lower
tremmity eyanosis s Present

In the adult form the obstruction involves a much shorter segme::
of aorta 15 most often seen at the msertion of the hgamentum aﬂznctsus
and 1s the usual type seen n the older patient Very rarely the u:{ed
artenosus may be patent in this group and when this 1s true the ma‘lew
onfice may be quite small In some of such cases the stenosis 18 comp
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block dilatation thichening of the aortic wall and early degeneration and
sclerosis are present 1n the aorta as well as the subclavian artery With
incomplete obstruchion varying degrees of thin walled post stenotic
dilatation without the sclerotic changes complete the picture
The cardrac effect of the lesion 1s an increased work load on the left
ventricle and left ventncular hypertrophy 1s noted n approximately sev
enty five per cent of cases
The blood supply to the trunk and lower extremities 1s maintamed by
an extensive collateral airculation eircumsenting the aortic obstruction
through the upper intercostal arteries from the subclavian artery giving
nse to anastomotic channels around the shoulder and scapula and on nto
the internal mammary and deep epigastric arteries
Incidence and Prognosis In Abbott s sertes of 1000 cases of congenital
defects of the cardiovascular system 142 coarctations of the aorta were
found The adult form was commoner than the infantile form by five to
one and males predormnated four to one over females
Seventy five per cent of the untreated cases will cie as a direct result
of the hemodynamics of the aortic obstruction The usual causes of death
are rupture of the aorta from dissecting aneurysm and cardiac decom
pensation Other complications are cerebral hemorrhage and endarteritis
or endocarditis The average age of death 1n patients untreated surgcally
1s thirty two
Symptoms There are many patients with a mild or moderate form of
obstruction who have very few 1if any symptoms In the more severe forms
of coarctation headache vertigo palpitations and blurmnng of vision on
exertion may be the presenting complaint Due to the dummshed blood
flow in the lower extremities claudication and paresthesias will often
develop as a part of the climcal picture
Diagnosis The most important phystcal finding leading to the diagnosis
of coarctation of the aorta 1s upper extremity hypertension and hypoten
slon or no recordable pressure 1n the legs Full and bounding pulses in the
arms and markedly dimimshed to absent pulses mn the lower extremities
complete the picture
Evidence of the marked collateral circulation compensating for the ob
struction should next be sought This 15 noted over the interscapular region
where defimte pulsations easily palpable will be found and m many n
stances a systolic bruit can be heard just medial to the border of the
scapulae
A systolic murmur 1s usually heard over the upper precordrum and 1s
transmitted to the awulla and/or may be audible over the back
The xoentgenogram will ccnﬁrm the p of the coll 1 cir
g a or of the mfenor edge of the nbs Addi
txonal x ray evidence of coarctation often overlooked 1s the lack of a
Promment aortic knob 1n the PA projection Increase in the size of the
left ventricle wall be noted in the majority of the older cases of severe
obstruction However in the younger patient the notching of the rbs
and left ventncular enlargement may not be present by radiographic
examnation
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FioURE 11 Direct aortography illustrating two types of coarctation of ﬂ::
aortz A The infantile type which the aorta below the left subclavian arteryed
atrophic for a considerable length B The adult type showng 2 more Iocﬂl:he
strcture of the aorta at the level of the obliterated ductus ar!erw:\ﬂ "“’t‘e )
tremendous dilatation of the internal y arteries €

Electrocardiographic changes of left ventricular preponderance mlll
aid 1n the overall picture 1n the older cases where the inereased work Joa
has been present over a long penod of tune B

Fmal confirmation can be afforded by the use of retrograde aortogrﬂptg o
This 15 accomphished by mjectng the contrast media directly mto
proxumal aorta through the brachial artery Care should be taken dut"ng
injection of the dye to protect the bramn by hyperoxy genation and tem
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porary carotid compression Aortography 1s by no means necessary for the
accurate diagnosis of coarctation of the aorta but will gne useful added
information as to the length and exact location of the stricture and will
aid 1n detecting the presence or ab of d 1 ab
normalities (Fig 11)

Treatment At the present time the surgical rehef of coarctation of the
aorta 1s relatively simple and 1s a curative procedure In most of the cases
resection of the coarcted segment and end to-end suture of the diided
aorta can be accomphished (Fig 12)

In the longer types 1t may be necessary to bnidge the defect with a
preserved homograft Since there are now several acceptable methods for
preserving vascular tissues grafting in this area 1s done with facility Prior
to the time when grafts were readily available the left subclavian artery
was sacrificed and turned down to restore continuity to the aorta Smce
this has proved to be an inadequate method the preferred techmc today
1s grafting

The optimum time for operation 1s between the ages of seven and ﬁfteen
years before extensive and possibly 1rr ! .
have developed While cases 1n the fourth decade have been successfully
operated upon the nsk 1s matenally greater due to the marked degenera
tive changes 1n the artenal wall seen after this lapse of time In capable
hands the mortality should not exceed five per cent 1n uncomplicated cases
of coarctation of the aorta

I Intracardiac

(a) PuLMONARY STENOSIS

Definilon Pulmomnic stenos:s 1s an obstruction of the pulmonary artenal
SYStem ator ]ust pr:mmal to the pulmonary valve

Synany y valvular st pure pul
pulmonary stenosxs with intact interventricular septum pulmonary ste
nosis with patent foramen ovale etc

Pathophysiology Pulmonary stenosis may be due to a general narrow
mg of the outflow tract of the nght ventricle (called the pulmonary conus
or mfundibulum of the nght ventrcle) or much more commonly 1s due
to a congenital fusion of the pulmonary valve leaflets mto a small cone or

b like diaph In this condition there 15 an mtact ventnicular
septum and no malposition of the aorta which anses normally from the
left ventricle Therefore all egress of blood from the right ventricle can
only be made tk h the t) 'y valve Thus as the entire
blood flow must pass through the pulmonary artery on 1ts way to the
lungs there 1s no shunt of nght heart blood (venous or unoxygenated)
into the left heart or systemuc cireulabion Hence there 15 no peripheral
Oxygen unsaturation and cyanosss 1s not present (Fig 13)

As the otherwise normal child grows and becomes mcreasmgly active
the rght ventncle ex) ly greater d 1ty with the dis
charge of the returming mrculahon through the tiny unyrelding pulmonary
onfice Great dilatation and hypertrophy of the nght ventricle gradually
ensues Eventually this leads to msufficiency of the tricuspid valve and
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to a sumular congestion and distention of the right atnum Should the
foramen ovale, 1n & given 1nstance, remam as an overlapping valve, rather
than closed by fusion, dilatation and patency of this structure may de
velop With right atrial pressures unnaturally as high or higher than
those 1n the left atrium, a nght to left shunt may result Unoxvgenated
blood then mixes with the returmng flow from the pulmeonary vewms withim
the left atnium and 1s pumped out through the left ventricle and aorta
producing a constant or intermittent cyanosis especially enhanced by ex

TO HEAD AND UPPER EXTREMITIES

TO TRUNK AND LOWER EXTREMITIES
FiGurE 13 Dy of y valvular stenosis with
post stenotic dilatation of the pulmonary artery

ercise It 1s to be h d and r bered that this phenomenon 15
purely a secondary one resulting from long standing unreheved pulmonﬂfoy
stenosis and 15 not considered an miegral part of the clmucal entity
pul t as1t1s cc )y seen iy

Clinical Findings As a rule such a patient 15 asymptomatic until €
adol when $o1 1 ieeable Prior to this
the tymcal precordial systolic murmur most promment m the second ::e
third mnterspaces on the rght will have been noted at the tme of ro\é ‘m
physical exammﬂl'ilon A famnt thnll may be detectable Dyspnea 25
capacity are usually progressive

l;uppy:n"‘ve Data Radiwographically the cardiac silhouette becom:f‘::[
larged particularly to the night The pulmonary artery conus s¢8™
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the left cardiac border b ly p Great dilatation
of the pulmonary artery (post stenotic) beyond the point of valvular ob
struction 1s evident The pulmonary lung fields may show diminution of
the normal vascular markings Fluoroscopic evaluation will show the en
largement of the cardiac chambers on the nght mn contrast to their normal
sized hbors on the left An, d hy 1f desired wall more clearly
delineate these salient features

The electrocardiogram will reveal a night axis deviation

Cardiac cath tion d rating ak 11y high p within
the nght ventnicle as compared to the much lower readings within the

FiGure 14 Pulmonary valvulotome ntroduced through the mght ventricle
divding the stenotic valve cone Insert shows the bicuspid nature of the divided
pulmonary valve cone
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