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114 THE TOOLS OF DIACNOSIS

Figure 115 A Cardiac catheter approaching from the left arm and reaching the
border between mnominate vein and supenor vena cava B Cardinc catheter in the
midlateral portion of the right atnum € Catheter advancing through the tricuspid
valve into the nght ventncle D Catheter entertng pulmonary artery from the nght
ventncle E Catheter m the pulmonary capiflary position wedged out into the lung
fields



CARDIAC CATHFTERIZATION 15

mnecurenng the catheter cannot be advanced 1n the requred fashion
and the studv cannot be completed While the tube 15 being advanced
the patient 1s connected to a direct wihing electrocardiograph or oscil
loscope and onc member of the texm watches the tracing for the appear
ance of arrhythms

When the catheter reaches the superior vena cava (Fig 115 A) the
sahne drip 15 disconnected while 3 or 4 cubic ml of blood are collected
m a hepanmzed synnge for oxygen analysis This 1s handed to a tech
nien who places 1t m an 1ec bath The drip 1s then reconnected and
the catheter 15 advanced nto the nght atnum where another blood
sample 15 obtuned {Fig 115 B) After this has been accomphished the
outlet of 1 mnometer 15 attached to the catheter and a nght atnal
pressure tracing 1s obtumed Then the catheter connected to the record
ing apparatus and under fl control s ad d from the nght
atnum to the nght ventncle which 15 identified both by the appearance
of a ventneular type of pressure tricing and by the position of the hip
of the catheter under the fluoroscope (Fig 115 C) A blood sample 1s
obtuncd from the ventnele then under uoroscapie and manometne
control the tip 15 advanced mto the pulmonary artery (Fag 115 D) A
blood sample hwing heen obtuned here the catheter 1s aguin advanced
as before and wedged 15 far out to the lung felds as possible mto 2
s0 called pulmonary capilary posiion where samples and pressures are
agam obtaned (Fig 115 ) When all this 15 completed the catheter
1s pulled back into the pulmonary artery It s left here while a2 timed
sample of ¢xpired wir 15 collected mto a Douglass bag an artensal blood
sample 1s withdriwn and 2 pressure tracingt is obtamed from the bractual
artery through the “cut down ” Blood samples and pressure tracings are
obtamned m 1dentical fashion from the nht venincle nght atnum and
superior vena e1va agwn on the way out The catheter 1s removed
and the “cut down” 15 sutured

The entire procedure from “cut down” to suture closure usually
takes one to two hours In our ¢ a general t 15
anly rarely Morplune and bubiturate sedation serves the purpose
adequntely m most nstances Exposure to Buorescopy should last no
more than fifteen minutes

As mav be seen from the descniption at least four people are neces
sary for the efficient performance of the procedure one handles the
catheter one 15 in charge of the pressure recorder and watches the
dectracardiogrim 1 third handles the fuoroscope and a techmician
takes cire of the blood samples In addition to these four a nurse prefer
ably one famibar to the child should also be present Rarely the services
of an anesthetist ar¢ required

In addition to the fuoroscope the stenle surgical mstruments and
the catheter tn electrocardrograph and one or two manometers con
nected with 2 multchanneled recordmng apparatus are necessary A
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Sixty years aro Dr Thomas \organ Rotch then Professor of Diseases of
Children pubhished the first textbook on Pediatries from the Harvard
Afedical School Even in 1896 there was enough mformation regarding
this relatinely new specialty to require a volume of some 1100 pages
but only seven of these were headed Congental Diseases of the Heart
Obviously there was relatively Tittle to s1v about this particular pediatue
problem and even less shmulus toward further knowledge for Dr
Rotch wrote that although “it 13 usually possible to make a diagnosis of
congenital cardiac disease a diagnosis of the especial lesion 35 5 2
rule mmpossible” In any case the exct diagnosis was only of academc
mterest In lis single paragraph devoted to the management of con
gental heart disease Dr Rotch did menton “the admimstration of
digitahis an small doses and with the vtmost cauhon” as occaswonally
useful but concluded that the treatment was “essentiaily hvgieme and
symptomatic ™

The next textbook of Pedatries from the Harvard Medical School
appeared thirty years later Professor John Lovett Morse was able to
compress what he thought the pediatnician of 1926 needed to know about
heart disease mto forty pages less than five of which sufficed for Con
genttal Heart Discase Doctor Morse could find one item of progress
unknown to Dr Rotch But even this was nearly useless for “the Roent
gen ray which theoretically ought to be of considerable assistance n the
dragnosts of special lestons 18 practically of httle asmistance even 1 the
hands of an cxpert Yet “Fortunately the diagnosis of the exact lesion

15 not of great woportance 10 esther PIOghosns or treatment There
18 1o curative treatment [and] nothing which will ether dimimsh the
deformities or favor the closure of ab 1 op The
must therefore be hygemc and symptomatic”

Now n 1956 we find ourselves at the end of another thirty vear
interval Judged by the progress before 1926 the mere size of this new
book on Pediatric Cardiology from the Harvard Medical School and
Childrens Hospital of Boston s sufBciently ampressne Even more
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striling 1s the preponderance of pages devoted to the dragnosis and
treatment of congental as compred with acquired heart disease Obwi
ously the sudden increase in knowledge and interest concerning 2 subject
untl recently so neglected 1s worldwide Its local history has been traced
here only as a convenient example of the size and suddenness of this
development \Why should one thirty year interval (indecd essentially the
last ffteen of those thirty years) have witnessed such striking progress?
A partial explanation 15 found n the dechine of other challenges
such as the feeding methods formulas and digestive diseases of infaney
and childhood But the real cause was the demonstraton by Gross
1939 and by Blalock and Taussig 1n 1945 that 1t was indeed posstble to
dimimish the deformities or favor the closure of abnormal openings
The essential element was some basis for hopefulness With hope mterest
m diagnosis came suddenly to hte cardiac crthetenization becime a
useful tool rather than a tour de force “the Roentgen r1y” was belatedly
found to be of considerable assistance indeed and the “symptomatic and
hygrenic treatment took on entirely new mening 1nd purpose
The pedintrician—and especilly the younger pediatricran—has nightly
been unwilling to sce all these aspects of dingnoss and treatment handed
over to 1 new subspecialist in cardiology Fully aware that the surgeon
who operates upon the heart of a cluld requires special shall and training
the pediatncitn considers the nonsurgical aspects of cardiac disease
mfancy and childhood to be pediitric responsibiities In nising to meet
this new and growimng challenge he will find this volume extremely help
ful Its author once described to me his hope of making this “a dot
yourself cardiology ” I beheve he has succecded
Doctor Nadas 1s especinlly well qualified for this task His approach
as an nuathor parallels that of his own professional hfe His residency m
Pudintrics at The Children s Hospital in Boston and his year of full time
pediatne responsibility and teacling 4t the Childrens Hosmital of
Aichigan m Detrait were followed by four years of general pediatric
practice 1n 1 small eity some distmce from the speciahzed services of 1
medical school With this background of practical expenience Dr Nadas
returned to The Childrens Hospital m Boston in 1949 to participate i
the suddenly and rapidly expanding etnaties of its Cardiology Davision
Now s Cardiologist to the group of hospitals making up The Childrens
\edical Center and Consultint in Pediatric Cardiology to the Boston
Lyvingin Hospital the author would I believe prefer to be known
primanly s a thouchtful and resourecful doctor for infants and cluldren
That Dr Nadas 1 qlso a wase spectalist of large experience 1n cardiology
and 4 teacher of great shill and enthusiasm will be 2bundantly clear to
the reader of the following pages
Crement A Syrn M D
Department of Pediatrics
Harvard Medical School
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This volume 15 mtended to be 1 handbook for the pediatnoan the
general physicran and the medicyl student 1t does nat clam to be a
tretise on the physiology of the heart though obsiously physiolagseal
ditr will be presented n n attempt to cxplun the chmeal preture §
buve tried to make every chapter fauely complete by atself thus a certain
amount of repetition 18 ungidble

Ay intention lias been to put proper emphasis on chime) recogm
tion and managcment of hewt diseises n ehuldren Techmaques of cardie
cathetenzation wnd angiocarthography for eximple have been described
but primary emphists s been kept on the principles and procedures of
chiimenl management

I have wotten almost exclusivefy 1bout our own expeniences at The
Children s Medienl Center dunng the past ten years and 1 did not intend
to wnte 1 reference book Diseises and even important theripeutic
procedures such 1s open hert surgery ind hypothermia wath which I had
nittle personal eontact have buen discussed anly cursonly The interested
reader muy do better to ook up these topies in the refurence matenal
rither than have me interpret other peoples work for tim The list of
references ke the book atself 15 1 subjective one I dict not aim at com
pleteness but rather mefuded only the books and articles | have found
particularly iteresting and nscful through the yvears

The hst of people to whom 1 am mndebted~dircetly or indirectly~
m helping, me complete ths work would easly fill a whole page

1 want to start with my mother and father The memory of my father
v writer who 1w 138 wanted to be a doctor mspired me particularly T
felt that T wis pying homage to him by fusimg m this volume the pro
fession of the wnter with that of the physicin The httle emblem t the
foot of this preface was the tridemark of fns mapazine published many
years 1go m Budapest Hungiry

On the professional side 1 should hke to begin with Dr Charles 4
Janeway Thomas Morgn Roteh Professor of Pedintries at Harvard
Medical School who gave me the opportumty to work 1n the Bold of
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pediatric ewrdiology Doctor Clement A Smith friend and teicher has
helped me 1n many w1ys dunng the past fifteen yewrs I want to express
my sincere thanks to Drs Edward B D Neuhauser and Martin H Wit
tenborg who taught (and fought) me m radiology and to Dr Robert E
Gross for much myaluable teaching nd the use of his ptient matenal
Doctors Abraham M Rudolph and Whlter T Goodale my associates m
the Inboratory assisted me m colleccting nd interpretsg the physio
logicl daty presented Without the help of Drs Punick A Ongley nd
Donald & Fyler 1 am sure the ilustrations would not hmve been com
pleted m time I would also Iike to thank Dr Robert M Smuth for his
contnbution 1 wnting the section on Anesthesia

I would hke to express my sincere apprecrition to Mr Walter T
Hall who through the establishment of a fund for the support of research
n pedatric cardiology helped to defray expenses of publication

I wish to thank my secretary Miss Myrtle R Westhaver for her
efficiency 1n holding together the cardiology depirtment during the trying
pertod m which this book was written Mrs Marcia Lawson for the cdit
ing of the manuscript Mr Ferdinand R Harding for the photography
Mrs Margaret M Steele for the typing and Miss Mary C Delwney for
the 1llustritions

Finally I want to thank sincerely the W B Saunders Company for
the many pabient ways by which they helped me prepare this volume
nd effciently bridge the Atlntic with ther galley proofs

ALEXANDER § Napas M D

Gromingen The Netherlands
Janutry 1957
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CHAPTER 1

History,
Physical Examination
and Routine Tests

HISTORY

The history m pedatne cwdiology should encompass the prncipat
pediatric and cardiae features of the dusease

The hustory should begin with a résume of the chief complamts It 1s
extremely smportant to Jearn right from the outset how sick the chuld
really 13 and how many of the pl are entirely D
onigin and secondary only to the discovery of a heart murmur The entire
preture w a chld who is sich because the doctor sad so who 15 “too
actne” and whose hmutation of exercise 15 the result of parental sestrse
tion will be different from that of another youngster who “will nat gam
or grow Dike others  gets blue or ‘breathes heandly ™

If the presence of a murmur represeats a sigmficant portion of the
complamnt 1t 15 vital to ehast cextun facts regarding sts tming and the
areumstances of its discovery Was st present at buth? If not how long
after burth was it discovered? Was 55 discovered by a physicien who had
been taking care of the youngster ali along or by a » w doctor who was
seemg lm for the Brst ime? Bow closely had th. childs health been
supervased prior to the discovery of the murmur? Were there febnle
Wnesses espectally sore throats ymmediately preceding its appearance
wd i so what was the time nterval between the accurrence of the sore
threat and the appearance of the murmur? Precise information related
o these pemts may o oceasian be the only cue on which to base a
al and acquired hewt disease
Newt \he hxswn of the present 1finess should be ehared This showld
be a detatled chronologic account of the childs disease from the fiest
time hus health was questioned It 1s smportant that the mquisy in regard
to the present tliness should not reach back anly to the tune when heart
disease was frst diagnosed In many iestances especually m cases of
acquired heart disease cardiac disorder or its sigmificant antecedents
may have been present before there was any clear mndication of mvolve
ment of the arculatery system

8



4 THE TOOLS OF DIAGNOSIS

A careful systemie review 1s perhaps the most importat part of
the history In regard to the gastromtestinal system the question of appe
tite should be rused if the appetite 15 poor cspectally m an mfant one
ought to mquire whether the mother beheves this may be due to fabigue
or whether st represents  general lick of interest in food Pirents should
be questioncd carcfully concermng weight gains and losses A fustory of
abdominal pun may ruse the suspicton of rheumatic fever The gentto
urnary system should be considered particularly m respect to 2 decrease
n urmry output charactenistic of congestive fallure In rdolescent girls
especiilly evanotic ones the effect of the onset of menses on general
well being and exeraise tolerance should be questioned

The cardiorespiritory system obviously 15 the most essentiil part
of the systemic review  An excellent 1der of the evercise tolerance of
these pibients may be obtuned by careful queshoning about the averige
distance, thev can walk on level ground or the fights of stawrs thev cm
chimb without undue fatigue One inquires 1nto their playing habits and
how they keep up with their contemporanes In mfants and smafl elnl
dren whe do not walk or run the effort of taking a bottle of sitting up
for a definite length of time or of crawlng around the pltypen may
represent 1 rough test of exercise tolerance One secks mformation
regarding dyspnea or wheezing The child s breathing when he 1s 1sicep
ts 1 particularly important criterion of respiratory effectivencss one
should nate the raprdity of respirations the use of ancillary muscles
{ale nas1) and the presence or absence of grunting A vnad description
of the forcefulness of cardite ackion can soreetimes be obt uned by ashing
parents whether thev themselves could fecl the childs heart beating
aganst the chest wall The time of onsct of evanosis its permanent or
paovysmal nature its seventty progression and loclzation are all im
portant data Onc should mquire <bout the presence or 1bsence of
squatting habits and also other favonte positions (such s knee chest)
which the child 1s Uikely to assume when tired Such pesitions strongly
saggest 4 cyanotic type of congenital heart discase particubrly tetralogy
of Fallat The number type and severity of respiratory nfections through
the years should be established these are usuallh mereised m patients
with large left to nght shunts and they mav predispose to rheumatic

fever Inquines should be made regarding chest pun and hemoptysis
puticularle 1 older eluldren and adolescents One ought to ascertain
the number 1nd swventy of sore throats particularly n patients sus
pected of having rheumitic heart disease Nose bleeds may be important
because of their frequent occusrence wn paticats with rheumatic heart
disease and pulmonars stenosts

The central nervous system should be considercd 1n regard to the
occursunce of “mouie spedls  (sce p 277) ther time of appearance
duration frequency and mture It s also important to note specfically
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whether they are necompamied by loss of censeiousness and by con
vulsions The ssmptoms of chorenr should be mgquired into cwefally 15
well as the mental deselopment of the child The bones jomnts muscles
and skin should be subject to mquury particularly in regard to the oceur
rence of rishes petechre rheumatic modules  growmg pamns  and
anhpts The namber of jomts mmohied the durhion of involvement
the presence of swelhng heat and tenderness are alf mpottint preces of
mfermation

The famly hustory can usually be covered fauly briefly The essen
12l pomts to remember are the numbers of miscarnages and shitbrrths
Tazmhl occurrence of congenial anomaltes and the presence of theu
matic fever or any other type of heut disease Also the guestion of
constngumty should be rased i evers wmstance ;

The prenutal hutory 15 mportant p’!mcula:b, w regud to the frst
tomester  Inquiries should be made about bleeding toxerma febnile
iliness and evposure o ble disewses Quest concerning
the buth and type of delnery should be mnde P'\mcul,zr emphasis
should be placed on the occurrence of cyanosis the use of resuscitatne

and the ad of oxygen all mgns of fetal distsess
Ewvidence of congemtal heart disease ts often suggested by a history of
delayved discharge from the hospatal after birth or of fnlure to regun
forth wesght 10 the evpected time

Feeding development immunzation and pist history require the
type of attention customary 1w the taking of a good pedintne history

PHISICAL LXAMINATION

The physieal exasunation of the child suspected of Hiaving heart
disese shauld follow along well established pediatric hnes It 1g valuable
to have @ routne sequence which will reduce omitsnions to A mmmmem
The followmg points requue particular emphasis

Ceverar, Descrierion

Does the chald appear 11l or 1s he happy and playful? Is be i
Gistress QE any sart and i so what kand? The bods build should be
P 3 by ding the absolute weight and height w terms of
on a welt pred deve it dnagt Thas latter pomt 1s
p’\rhcular}) smportant as one follows 1 patient along through the years
and watches his development the influence of mtercurrent allnesses and
the effects of surgieal mtcnennon The phmses “well developed and
well nounished” are part: ualess they
are supplemented by pementﬂes of the merage A developmental chart
should be part of the record of every child with heart disease
No general description of a chld susp d of having 1
heart disease should fail to mention s preferred posture particularly
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Figure I Child squatting

the presence or absence of squatting (Fig 1) The color should be noted
with particular attention to cyanosis If cyanosis 1s present 1ts depth
and distribution pattern are always pertinent Sometimes patients with
mmmal arterial unsaturation (such s isolated pulmonary stenosis
Ebstemns disease or pulmonary hypertension) are not frankly cyanotic
their cheeks and lips have 1 peculinr high color however with 1 shight
blwsh tinge Notieing this the experienced observer will estimate the
artenal oy gen saturation to be n the 85 to 90 per cent ringe Often
thus type of color 1s misleading however and even the tramed clinician
may mstake the flush of a healthy child entening a warm room for
borderline eyanosis

Jaundice 1s less common i children with heart disease thawn
adults Pallor 1s obviously an important sign the particular discrepancy
of pnllor and A relatinvely adequate hemoglobin level 1s characterstic of
the rheumatic patient The yellowish pallor (café au lait) 1s typrenl
of subacute bactenal endocarditis The particular combination of ey
osts and palior m patients with cy1notic heart disease and relative anemn
15 known 1s “Picasso blue” m our Clime

Heap anp NEck

The conjunctiy e should be nspected with particular care 1in regard
to the presence of anemin or cyanosis It 1s surpnsingly esy to examine
the fundi of most children sufficientls well te note the presence or ab
sence of papilledemn and venous engorgement Canous tecth are
unfortunitely common m patients \uth c)1nohc mngemhl heart disease
and may be the source of sub; ditis 1n these pa
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tents as well as 1o those with rheumatie fever Although the tonsils are
not regarded with as much awe today as they were twenty five years
ago nevertheless the betw een strept 1 sore throat and
theumatic fever on the one hand and membranous tonsidhtas and
diphthentic hewt chsease on the other are sugmficant enongh to warrant
careful eviluation of these organs

Inspection of the nech can furnish important clues Vigorous ar
tenal pulsations commonly can be scen m patients wath s&ere rortic
disease {coarctation of the aorta putent ductus arteriosus or aorbe
regurgitation) and mn children sath venttcular septal defect they are
practicalh unknown in mstances of atnal septal defect Distention and
pulsation of the jugular vemns will be discussed later suffice it to say
here that they furmish the best indsect mformation about the happenings
m the nght atnum A thnll palpable at the suprasternal notch 15 prac
tically pathognomonie of one of four conditions aortie stenosis coarcta
tion of the aorta pulmonary stenosis or patent ductus arteriosus Fvi
dence of cervieal lymph nodes may be extremely helpful in the duagnasis
of rheumatic fever and less commonly of diphtherttie hert disease or
even infectious % The rare of heart
disease may be suspected if goster 15 discovered A thnll and continuous
murmur localized over the neck should ruse the susprcion of an arteno
venous fistula Fmally a contnuous murmur of evanescent character
heard over the neck vessels constitutes a veoous hum The duffercntial
dsagnos:s of this will be discussed in some detast m the chapter relating
to patent ductus asteriosus {see p 352)

Heany

Tnsp aud Palg The should start by noting
the: prosence or absence of deformuties m the chest The symmetncal
merease In posterior & 1 istic of the emphy
sematoys pabient Yagorous pul of a ficantly en} d nght or

left ventncle leads to vistble left uided chest prosunence {congemtal
heart disease with left to nght shunt or rheumatie valvular discase)
Pught ided chest 15 present lly in patients having
trcuspd atresta Vistble pulsations sometimes rocking the entiwe chest
are charactenshic m certun patients wsth congemtal heart disease m
volving remendous shunts {patent ductus actenosus or large ventricular
septal defects with aortic ) and m chuldren with rth

aortic regurgitation The presence of thrlls and ther timing mtensity
2and locahzstion should be poted The curdiac smpulse should be observed
with great care 39 3 A good estination of the hypertrophy of the nght
or left ventncle can be actueved by notmg the pomt of maximal wmpulse
of the heart beat If this s 1t the uphoid process or the Tower left sternal
border with wisible vp and down pulsations the chances are that the
nght SESTY:! t T ly af the cardiae impulse 1s maximal
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Figure 2 Compuron of large
adult size and small child size stetho
scopes with open bell and dirphragm
chest prece

at the apex with wvisible outward pulsations 1 this area the left ventricle
1s likely to be enlarged A cardiac impulse palpable at both the xiphord
and the apex strongly suggests combmed hypertrophy The character of
the mmpulse may be tappng and quick suggesting a relatnvely large
volume work or heaving and slow mdicating increased pressure work
Percussion of the entire cardiac silhouette 1s tiresome time consuming
and barely justifiable 1 this age of easy avulibility of radiograms At
its best this procedure cn grve the phyvsicran only an approumate 1dea
of the size of the heart at 1ts worst 1t may be completely misleading
Auscultation  After mspection and palpation have furnished m
formation regarding the size of the heart and the mtensity of its pulsa
thons the examiner should concentrate on auscultation To obtan
maxtmal benefit from this most valuable part of the physical exammation
the proper mstrument must be used The usual “pediatnic stethoscope”
with the fiat chest prece edged with rubber 1s totally useless for reliable
auscultation of the heart ™ Almost equally useless in the exammation
of infnts are the huge adult stethoscopes especially the ones with
only a dinphragm chest picce these mstruments when placed on the
timv chest of a baby cover practically the entire cardiac silhouette A
third Lind of stethoscope should be used only when necessary —someone
else's stethoscope The permicious practice of picking up any stethoscope
1 a hospital ward 1s to be deplored A stethoscope 15 a personal instru
ment much hke a fountam pen Best results can be achieved only by
the continuous usc of the same ear and chest preces Not everyones
aural canals are of the same size and shape The ear preces have to fit
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the canals tightly without discomfort to assure optimal auscultation 3¢
It 1s to be hoped thit sartonal considerations will never prohibt the
doctor from carrying his own stethoscope in his pochet

Wit type of stethoscope should be cumed for the exammation of
children with heart disease® It should be a so called hinaural stethoscope
with a combined hell and diaphragm chest piece The chest prece should
be the smallest avalable the bell 20 mm the diaphragm 30 mm {Fig
2) Eren this wze bell s someétimes too by for a baby and careful
Jocahzation of the sounds and murmurs can be achieved only by unserew
mg the black Balelte portion and hstening with the small metal end of
the chest piece The length of the rubber tubing should probably not be
fonger than 10 to 12 inches the bore *5 inch ** One onght to bisten not
only at the apex and the other conventional pomts but also at selected
areas over the entire cardize sithouette The neck and the chest should
be carefully mapped out with the stethoscope using the bell prece first
the diaphragm later Low frequency murmurs are best heard with the
bell whereas the higher frequencies are best percened through the
Bowles duaphragm If possible the first attempt at hsteming to am
patient s heart should be with the patient Inng flat to be followed by
turning hum on his left side and finallv by having lam st up When
examining a small infant one cannot be too demanding and one should
evamine the heart in the position most comfortable to the child 1irre
spective of the gymnastics 3t ma) Tequare on the pm of the doctor Itis
remarkable how many children who are pl un ble of put
on an examimng table will be quiet wnd cooperatne when held on the
mother s lap

Heasr Sounps  On auscultation the first things to be noted are the
rate and the thythm after which one ought to concentrate on the heart
sounds I have found 1t useful to try to lxsten to the sounds one at a
ume ammng to d the fol shies of each {1}
Where 15 1t heard maximally (ape« second left mnterspace and so forth)?
{2) What 15 its absolute mtenssh’ (3) Where 15 1t obseryed mummally ?
{4) What 12 the degree of sphttng® This tvpe of analyms of the first
second third and possibly fourth heart sounds should precede the
evaluation of murmurs and s of the greatest 1mportance A loud first
sound at the apex occurs commonly m mitral stenosis A loud late
systolie sound at the pulmonary or zortie area has been observed 1
gortic or pulmanary stenosis *? The booming second sound at the pul
monary arex s pathognomonic of pulmonary arterit hypertenswon
whereas the gbsence of thus sound at the second left mterspace s sug
gestne of pulmonary stenosis A well defined third heart sound at the
apex 15 common n normal adolescents on the other hnd 1 mav be
the precursor of a mid diastohe rumble A fourth or amal sound may
be speafic for conditions with nght atnal hypertension (severe pul
monary stenosis Ebsteins anomaly and total pulmonary venous anom
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Figure 2 Companson of large
adult size and small child size stetho-
scopes with open bell and diyphragm
chest piece

at the apex with visible outward pulsations m this area the left ventricle
15 Iikely to be enlarged A cardiac impulse palpable at both the uphoid
and the apex strongly suggests combmed hypertrophy The character of
the mpulse mav be tipping and quick suggesting a relatnely luge
volume work or hewving and slow 1ndicating mcreased pressurce work
Percussion of the entire cardie silhouette s tiresome tine consuming
and barely justifiable m this age of exsy avalibility of radiograms At
1ts best this procedure can give the physicran onh n approximate 1den
of the size of the heart at 1its worst 1t may be completely misleading
1 After msp and have R hed mn
formtion regarding the size of the heart and the intensity of its pulsa
tions the examner should concentrate on auscultation To obtam
maximal benefit from this most valuable part of the physical examnation
the proper mstrument must be used The usual “pedintnic stethoscope
with the flat chest prece edged with rubber 1s totally useless for reltable
auscultation of the heart ™ Almost equally useless in the examination
of wfnts are the huge adult stethoscopes especially the ones with
only a diaphragm chest ptece these nstruments when placed on the
tm)y chest of a babv cover practically the entire cardite sithouette A
third hind of stethoscope should be used only when necessiry—someone
clses stethoscope The pernicious pmchce of micking up any stethoscope
m 1 hospital ward 1s to be deplored 15 a 1 instru
ment much hike a fountam pen Best results can be achicved only by
the continuous use of the same ear and chest pieces Not evervones
aural canals are of the same size and shape The ear preces have to ft
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the canals tightly without discomfort to assure optimal auseultation 318
It 15 to be hoped that sartornd consderations will never prohibit the
doctor from crrnving ks own stethoseope s pocket

What type of stethoscope should be camed for the cxammation of
chuldren with hewt disease® It should be 4 so elied naural stethoscope
with 1 combined bell and diiphergm chest prece The chest piece should
be the smallest mulable the bell 20 mm  the duwphragm 30 mm {Fig
2) Even this size bell 15 sometimes too big for a baby nd careful
Jocalization of the sounds nd murmurs en be achueved only by unscrew
1ng the blwk Bakelite portion and hstening with the small metal end of
the chest prece The length of the rubber tubing should probably not be
fonger than 10 to 12 mehes the bore *s meh * One ought to listen not
only at the apes and the other conv entional powts but also at selected
areas over the entwe cardne sithonette The neck and the chest should
be carefully mapped out with the stethoscope usg the bell prece first
the diaphragm hter Low frequency murmws are best beard with the
bell whereas the higher freq are best p 4 through the
Bowles diphragm If possible the first attempt at hstemng to any
patients heart should be wath the patient ling flat to be followed by
turnmng hum on s left ade and fimally by having him sit up When
exummng a small wefant one cannot be too demandmg and one should
examme the heart i the positton most comfortable to the child irre
spective of the gymuasties 1t may require on the put of the doctor Itis
remnrhable how many children who are completely unmanageable if put
on an examining table will be quret and cooperatne when held on the
mother s lap

Heant Sousns  On auscultation the first things to be noted are the
rate and the rinthm After which ane ought to concentrate on the heart
sounds 1 have found 1t useful to try to Dsten to the sounds one at a
tume amng to determme the following charactensstics of each (1)
Where 15 st heard maumally (apex second left interspace and so forth)?
(2) What 1s sts absolute imtensity® (3} Where 15 tt observed munmally?
{4) What 1s the degree of sphitting? This type of anahss of the first
second third and possibly fourth heart sounds should precede the
evaluation of murmurs d 15 of the greatest smportance A loud first
cound at the apex octurs commonly m mutral stenoss A loud late
systohie sound at the pulmonary or aortic wea has been observed
aortic or pulmonary stenosis 22 The boomng second sound at the pul
monars area s pathognomome of pulmonary arterial hypertension %
whereas the absence of this sound at the second left mterspace 15 sug
gestive of pulmonarv stenosis 2 A well defined thud heart sound at the
apes 15 common n nomal adolescents on the other hand 1t may be
the precursor of a mid drastohic rumble A fourth or atral sound may
be speafic for conditions with nght atral hypertension (severe pul
monary stenosis Ebstens anomaly and total pulmonary venous anoae

Lo
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Figure 2 Comparson of large

adult size and small child size stetho
scopes with open bell 1nd diiphragm
chest prece

at the apex with visible outward pulsations n thrs area the left ventncle
1s likely to be enlarged A cardiac mmpulse palpable at both the xiphoid
and the apex strongly suggests combimed hyvpertrophy The character of
the impulse may be tappmng and quick suggesting 1 relwnvely large
volume work or heaving and slow indieating inereased pressure work
Percussion of the entire cardiac silhouette 1s tiresome time consuming
and barelv justifinble 1n this age of easy avulbility of radiograms At
1ts best this procedure can give the physictan only an approumate 1dea
of the size of the heart at 1ts worst 1t may be completely misleading
Auscultation  After mspection and palpation have furmshed n
formation regarding the size of the heart and the intensity of its pulsa
tions the examner should concentrate on auscultation To obtain
maximal benefit from this most valuable part of the physical examination
the proper mstrument must be used The usual “pediatric stethoscope”
with the flat chest ptece edged with rubber 1s totally useless for reliable
auscultation of the heart ™ Almost equill uscless in the cxaminatio
of infants are the huge adult stethoscopes especially the ones wi
only a dinphragm chest picce these instruments when placed on t
tny chest of a babv cover practically the entire eardiac sithouette
third kind of stethoscope should be used only when necessary—some
else s stethoscope The permetous practice of picking up any stethos
m « hosprtal ward s to be deplored A stethoscope 1s 2 personal in
ment much like a fountain pen Best results can be achicved on
the continuous use of the same ear and chest preces Not every
aural canals are of the same size and shape The car picces hve
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ABpovEN

Gentle often superfictal palpation 15 needed to discover the nver
edge m 2 young wiint In normal infants ind chuldren the hier may be
palpible as far down as 3 em from the nght costal margin m the nght
mpple kne Daly obsenation regardng the size of the hver 15 one of
the most rehble guides 1n the estimation of congestise fulure i chil
dren Frequently one sees 2 chuld admitted to the hospatal in congestnve
fulure due to purovssmal atnal tachyeardia with a liver estimated fo
be 7 cm below the right costal margn Adeguate treatment of sach a
patient may result 1 the absence of a palpable hver wathm thity six
hours

Although mny young children pormlly hase a palpable spleen
definte splenomegaly 1s one of the cornerstones n the dignosis of sub
acute bacterial endocarditis By contrast an enhirged spleen s seldom
caused by fulure Abd 1 situs nw wath or without
thoracic sttus 1mversus m1y suggest assocated congemtal heart disease
The obvious importance of ascites requires dibigent search for abdomunal
fimd Palpation of the abdormmnal aorta 1s posstble sn manv chsldren and
may be wsed m the accurate localization of a coaretation of the aorta

EXTREMITIES

Cyanosss of the fingers strongly suggests congenutal heart disease
In pifients in whom a defimte dufference between the colonng of the
upper and lower extremities 1s noted & shunt from the pulmonary arterv
to the aorta through the ductus artersosus mav strongh be suspected
Buotish authors™ recommend the use of a hot bath to bring ¢t the
cyanosis 1 the lower extrermties

Clubbmg of the fingers and toes Y} a
but mav be seen 1 patients without artenral unsatwration (p 276)
Chnically clubbing has at least two components one 15 the roundng
of the Bngers especaally the thumbnads the other 1 a thidenmg and
shimness of the termtnal phalinges with disvpperrance of the normal
creases {Fig 3) In some pabents the fingernas show the greatest
abnormality 10 others the changes in the phalanges domumate In children
in whom a difference 1 degree of cyanons between fingers and toes 1
noticed the same discrepancy m the degree of clubbing wall be observ ed

Patients with congemtal heart disetse often have fiery red fingers
and toes Ve hive leamned to recogmze tus phenemenon as a precussor
of cyanosts and clubk 3t 15 faurly ch e of those whose arteral
ovigen saturation 15 pemmanently or parovysmally low normal or shehtly
abnormal (%90 per cent) (Ebstens anomaly isalrted pulmonary
stenosis with foramen ovale or ventricular septal defect and pulmenan
vascular obstruction) The temperature of the evtremmuties should be
noted puticslardy m regard to differences between hands and feet the

-~
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Figure 3 Clubbed fingers

discrepancy may be rather marked 1n coarctation of the aorta The joints
should be inspected carefully heat tenderness redness and swelling are
ndispensable features in the diagnosis of rheumatic arthntis Rheumatie
jomts 1re painful and tender they may easily be differentiated from the
nonspecific mild joint pains secondary to orthopedic conditions (flat feet
and so forth) Rheumatic nodules (Fig 4) nre most commonly found
over the knuckles the elbows and the knees Sometimes they can be
seen first and felt only later Thev m1y be recogmzed better 1n indirect
light as pea sized nontender structures attached to fasciae or tendon
sheets which are freely movable with the skin

Rashes especinlh ervthema margmatum (Fig 5) may be seen in
patients with actine rheumatic fever Petechiac are charactenstic of
subacute bacternal endocardiis Deep tendér purple spots at the ends
of the fingers representing mmute emboli (Osler nodes) are practically
pathognomonic of subacute bactenal endocarditis Pitting edemn of the
extremities 1s not common in children f present 1t may indicate nght
sided congestive fatlure

Palpation of both radml and femoral pulses 1s of utmost importance
Strong ridial pulses with weak and lte or absent femorals are diag
nostic of coarctation of the aortr In this and 1n congenital aortic stenosts
2 difference between the strength of the left and nght radial pulses 1s
also commonly noted Resprratory samabions m pulse volume (pulsus
paradotus) of more than 10 mm of mercury mean pericardial tam
ponade alternation of onh 1 few mlhmeters of mercury s indicative of
myocardial failure
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CmRcULATORY SYSTEM

Arterral Pressure  Determmation of blood pressure i the arm! ¢
should be an integral part of every exammmation It 1s mportant to
measure the systolic blood pressure in the lower as well as i the upper
evtremities 1 7l patients suspected of having congemtal heart disese
thus coarctation of the aorta will not be misscd by chinreal exaimination

The auscultatory method using 2 mereury sphygmomanometer 15
an easy 1nd well accepted procedure i adults and older children The
results can be nterpreted without much hesitation

In children especally 1n the younger age groups the problem s
far from simple To begin with the patrent usually does not cooperate
Second Lmbs of different sizes require different cuff sizes Finally the
results have to be mterprcted according to the age of the patient

To ensure optimal cooperation 1t 1s worth while if possible to
explain the procedure to the child beforchand Often 1n older child may
be distracted by watching the up and down movements of the mercury
column when they are pomted out Infants often have to be pacified
with 1 bottle of milk while the blood pressure 1s bemg taken Finally
m some mstances sedatton with barbiturates or morphme mu be neces
sary to ensurc some degree of cooperation

The size of the cuff 15 extremely important in obtamming results
comparible to those of arterial blood pressure determined by drrect
artenial puncture As 2 rough guide the cuff should cover approvimately
two thirds of the upper arm or leg A cuff that 1s too small gies falsely
Iigh readmgs For accurate results the pediatrician should have avarable
at least the followng cuff sizes 3 5, 12 and 18 em widths Sometunes
A larger cuff folded over may be adapted to 1 smaller Imb The bag
should be completely diflated and applicd evenly snugly without bulg
ing around the upper arm or leg and should completely encircle the
Imb

Once the cuff of proper size has been apphed to the patient 1t may
be well to obtain a quick reading of the systolic pressure by palpation
The cuff should be flated to a pomnt well above the disappearance
of the radial pulse Then gridually (2to 3 mm of mereury per beat) the
pressure should be relcased until the radial pulse reappears This point
clearly corresponds to the svstolie pressure determmed by direct mens
urement

Once the systolic pressure has been determimned by palpation the
sistolic and diastolic pressures should be estimated by the usual aus
cultatory method According to the latest report of a committee of the
Amencan Heart Associttion the drstolic pressure corresponds to the
level at which the ! y sounds completely disappear 1! Simul
tancous measurements of the distolie pressure by the sphygmoman
ometer and by an mndwclling arteral cannula reveal this pot to be the
case m every mnstance Therefore if the sounds become obyiously muffled
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Figure 8 Dhagram tllustrating the prneiples of damping and wave swnmabion in
the artenal sestern (@) Aortic pressure pulse {B) Clanges i contour and amplhtude
dse to dampmg (¢} Nature of yebound wave (d) Semmatin of curves b aod ¢
{ordmate pressare 18 mm Mg absassie bne in 0Y second) (From © § Wiggers
\odern Medical Monographs New York Grune & Stratton Inc )

at one pressure level and disappear completely at a lower one both
faures should be recorded simce either mny represent the true diastolie
pressure

Though the auscultatory method mm not be feaible 1n a restless
mfnt nd the palprtory method may not be adaptable m patients whe
do not have easaly palpited pulses an the Jower extremuties {coarctation
of the aorta) the so clled flush method® ¢ can be wsed m both situations
A cuft of appropriate size 15 placed around the ankle or wnist The bhmb 45
elevated and mssaged to produce blanching The cuff 15 rapidly snflated
to well above the expected systohic level Then the hmb 15 lonered to
approvmate heart level and the cuff s slowly gradually deflated The
point at which 2 marked flush 1ppears below the cuff m the previously
blanched lunb 15 taken to correspond to the systohie pressuse The flush
pressure 55 usually lower thon the systohe peal pressure obtamed by
drrect artersal puncture or by the auscultatory method Jt tommaniy
approvimates the level of the mean rlerid pressure With these hmta
tions the flush pressure is an extremely useful method of obtuning
snfermation about the blood pressure of certun nfants when no other
methad 1s appheable Perhaps its prnme usefulness is revorbing relatine
hypertension of the arms and thus proving the presence of conretat n
of the aortr 10 nstances m shich this dagnosss could a0t be made n
any other method

The systohc pressure in the lower extremties 55 4,

suatly anth
Iugher than sn the upper extrembes because of 3 g Iy simufic £

mmation effect ©
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the forward pulse wave with the rebound wave (Fig 6) A reversal
of this reltionship 1s pathologic and imphes the presence of an aortic
blockh The drastolic pressures in the upper and lower evtremittes should
be 1dentical a sigmficant difference usually means that the cuff over
the leg was relatively small

The actual height of the systohic pressure has to be interpreted n
relation to the patients age Vanous authors have placed the systohe
blood pressure level n normal nfants at approumately 70 to 90 mm
of mercury between birth and one year of age Premature nfants huwe
correspondingly lower pressures Between the ages of one and five vears
the 2verage sy stolie pressure nises to about 100 mm of mercurv  between
five and fifteen years 1t gradually chmbs to 120 mm of mercury The
duastolic pressure during the svme perod changes relatively hittle from
55 to 61 mm Average blood pressures in infants and children taken from
the most reliible sources 1n the literiture are given m Table 1

Table 1 Normal Bleod Pressure for Vanous Ages

(Adapted from data n the hteraturc)
(Figures have been rounded off to nearest decimal place)

A ean Systolie Afean Diastohc
8 %28 D 25 D
Newborn 80 = 16 46 = 16
6 mos -1 year 89 = 29 60 = 101
1 year 9 = 30 66 = 251
2 years 99 # 25 64 = 251
3 years 100 = 25 67 = 23t
4 years 99 = 20 65 = 201
$-6 years 94 = 14 §5 = 9
6~7 years 100 = 15 56 = B
7-8 years 102 = 15 56 = 8
8-9 years 105 = 16 57= 9
9-10 years 107 = 16 57 & 9
10-11 years m =17 58 = 10
11-12 yerrs 113 = 18 59 = 10
1213 years 15 = 19 59 = 10
13-14 years 18 = 1y 60 =10

*From R J Haggerty M Maroncy and A S Nadas Essential Hypertension in

Infancy and Childhood Am ] Dis Child to be publisted ¥
t1n this tudy the pomnt of muflling was taken as the diastohc pressure

The most common cruses of persistent and significant elevation of
the svstolie blood pressure m children hsted m the approximate order
of thar frequency are (1) remal discase (2) coaretation of the aortr

3) widened pulse pressure (nortic regurgitation patent ductus artert

osus thyrotoxicosss) (4) diseases of the central nervous syvstem (polio
mvelitis tumors encephalitis) (5) posoning with mercury (acrodyma)
and lead (8) endocrme disorders (pitmtan  adrenal tumors pheo
chromocstomas) and (7) essentral hypertension
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Figure @ Pulsuy alternans m patient with severe aostic stenosis Mote ou top hine
te a)temazmg height of systal ¢ pressure withm the left wmnde and on the bottom

the clec with QRS lexes of app fy rdentical herht

Low blood p s most )} ) d by they of
shoch or so mlk’d vasovagal syncope { fmntmg)

Purse Pressure  The pulse p mav be caleulated by sub

g the diastobe from the systolic pressure A widened pulse pressure
detectable by the bounding water hammer type of radial pulse 1s com
monly scen (1) mn fever apemsa th and after vig
exescsse (2} m aorfic zegurgitation patent ductus arteniosus and artert
ovenous fistulas and (3) 1 complete heart blacl.

Conversely narrow pulse pressures ma1y be observed m (1) shock
{2) severe rmutral or aortic stenosis (3) perwcardial tamponade or con
strictive perterrditis and {4) certam nstances of congestive faslure

Two pecuhanties of the pulse may best be detected while deter
wmng the blood pressure (1) Pulsus pardoxus charactenshic of the

lation of an app ble amount of flud 1n the pencardnl sae
conusts m 7 marked decrease of systolic pressure and narrowmg of the
pulse pressure on deep wspwation (2) Pulsus alternans a sign of left
wentricular falure consists i an appreciable drop m systolic pressure n
alternate beats (Fag 7}

Venous Pressure Determumation of venous blood pressure and
analyus of the jugulac wenous pulse naves are extremely wseful tools
cardiovaseular diagnosis but are not nearly as wadely used as 15 the
determination of the artenal blood pressure The reason for this neglect
tay well be the thsence of a simple accurate apparatus not molvng
venipuncture sumtlar to the sphygmomanometer

In spite of the techmcal dfficulties = great deal of attentwon has
been paid to the yugular venous pulse i adults by careful cardiologusts
The aceurate determmation of the venous pressure and detaded analysis
of the venous pulse waves are wall mgh mpossible to obtam 1 miants
because of thesr lack of cooperation
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Figure 8 Patient lymg down at ap
proximately 45 degrees the pressure
{ZL) 1n the nght atrmum does not nse
above the manubnum Iine (ML) (After
a drawang from T Lewis Discases of the
Heart Described for Practitioners and
Students New Yorh Mncrullin Com
pany }

In children who cooperate especinlly the older ones simple mspec
tion furmshes relrable mformation regarding venous pressure and thus
indirectly the nght atnal pressure Perhaps the smmplest and most
rchable test 1s inspection of the jugular vemn of the patient when he 1s
erect According to Lewis °° the external jugular vein should not be
visible above the suprasternal notch unless the venous pressure 1s ele
vated A crude estimation of venous pressure 1s furnished by measuring
the height of the jugular venous column vertically in 1 stwnding patient
above the suprasternal notch If the patient 1s recumbent the height of
the jugulir venous column should not nse above an imagmary straight
hne across the manubnum of the stemum (Fig 8)

These rough clical gurdes usually gne satisfactory answers only
m regard to the presence or absence of gross pressure elevation For
purposes of ~ccurate determination however direct metsurements by
means of vempuncture are necessary Recently an apparatus for deter
mining venous pressure m this way has been made wvailble com
mercially ° Properly used this gives tccurate and reproducible results

A simple apparatus which m1y be made walable i the treatment
room of tny hosptal consists of a spmal manometer connected to a T
tube and mounted on a stand The zero Jevel of the manometcr should
be adjustable One end of the T tube 1s connected to a length of rubber
tubing with a glass adapter to which a number 20 to 22 needle 1s at
tached The other end of the T tube 1s connected with a reservorr by
rubber tubing and should have a clamp on 1t The reservorr contams
saline solution with a drop of hepann

The patient 1s propped up at 2n approumately 45 degree angle with
Ius arm resting on a pillow  All clothing 1s loosened and the patient
should be s relaxed as possible The zero level of the manometer 15 2d
justed to the level of the manubrium of the sternum If the test 1s per
formed with the patient lying flat on an examining table the zero level
should be adjusted at 55 cm above the table top It 1s extremely im
portant to record the pomt at which the zero level of the manometer was
placed only 1n this wav can the results have any comparatine value The
manometer 1s flled with saline solution from the reservorr and the rub
ber tubing 15 clamped An antecubital vein 15 entered and the saline

column mn the of the then ind; the height of
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VARIATIONS N VENOUS PRESSURE IN GROWING CHILD

t 2 3 a 5 6 78 9
Yas

Fagure 9 Venous pressure in chifdren (From € E Burch A Pnmer of Venous
Pressure Phuladelphia Lea & Febiger )

the venous pressure 1 ruflimeters of siline It 1 wmport-nt to watch the
nse and fall of the sthne column with respirations for a few minutes
before a defimite rending 1s taken to see whether 1t 15 1 free equitibnum
with the venous system The height of the mean senocus pressure
children between the ages of three and five years has been estabhshed by
Burch’® as being 40 mm of water and between the ages of five and ten
years 58 mm of water {Fig 8)

Not only 1s the height of the venous pressure of great importance n
the chmrcal dingnosis of heart disease but the pattern of the jugular
venous pulsation 15 of considerable interest s well By careful inspection
m a patient with supesfiesal jugular veins three separate waves may be
noted throughout every cardwac cyele For accurate annlyses of these
waves the jugular venous pulse should be remstered The instrument
ost commonly used today for this purpose 1s 2 tno channel “twin beam
photographic machie One of the gahanometers registers the venous
pulsations the other the eleetrocardiogram for a reference tracmng Fur
ther elucxdauon of the ugnlar venous pattern may be achieved by using
a ph as 1 refi tracmg {Fig 93 p 98)

1f the jugular venous tracing thus regstered 15 anahzed three sep
arate waves can be dstingwshed {Fig 10) (1) The a nave or presys
tolic wave mmedhately follows the p wave and precedes the g wue on
the el diogram By phisical e 1t ¢an be recogmized as
the wave of the jgular venous pulse which mmediately precedes the
amcal mpulse of the heart It ongmates from the reflux mn the venae
cavae caused by atrsad contraction (2) The ¢ wue or early sistohe
wave 1s synchronons with the platean of the cwobd pulse hence the
designation ¢ 1t usually follows one or two seconds beyond the ter
mmnation of the QRS complex i the electrocnxdiogram It 15 sud to
ongmate partly from the sometncallv contriching nght ventricle push
ing back agamst the closed tricuspid nng and paxtly from the impulse of
the carotid artery stself (3) The v wave marks the end of ventnicular
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Figure 10 Jugulir phlebogram Schematic drawing indiciting A C and V waves

systole It occurs at the time of or shightly after the dicrotic notch at the
carotid tractng usually some distance bevond the T wae of the electro
cardiogram and just beyond the end of the second sound 1n the phono
cardiogram This v wave 15 ctwsed by the gradual filing of the nght
atrium with blood from the systemic venous return

Analysis of these elements of the jugulir venous pulse reveals a
certamn charactenstic pattern A large 1 wave mdicatmg powerful atnal
systole can be seen charactenistically 1n the phlebogrim of conditions
ciusmg marked “P pulmonile” such s pulmonary stenosis with m
tact ventricular septum tricuspid stenosis or ttresta and Ebstens ano
maly Obviously no 1 waves mas be seen m atnal fibnllation A waves
not followed by other venous pulse waves are noted n mstances of com
plete atnioventnicular block An exaggerated v wave 1s scen m tricuspid
regurgitation Tall v waves preceded by svstolic collapse have been
found commonly 1n patients with large atrial septal defects

Cuculation Time  Determination of the arrculation time requtres
onlv brief mention In pedmtnc cardiology this measurement 15 used
panayplly for two purposes (1) The progress of patients 1 congestue
fatlure m1y be estimated by repeated determinations of the circulation
time This 1s based on the prinaple that congestive fulure 1s necom
panted 1n most mstances by slow crrculation time which improves with
trewtment By the sume token determnttion of the crreulttion time anto
matieally separtes the so-called high output fulures with rapid arcula
tion ttme (thyrotoxicosis anemin or benbcrt) from the conventionnl eases
of concestion with slow arrculatton time (2) A sigmificantly shortened
arculation time i patients with congemtal hewt disersc mdicates 2
night to left shunt

\ethods for the determimation of cireulition time are manifold In
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Table 2 Cs culation Tume by Fluorescemn \lethod m Yormal Infants and Children

treve  and
futhr Dista ‘,“,:':f‘ s e Rang o
o 8¢ nds
Lererctalt Hand to tomupetna 88 D~5 days 1% 2 {614y
Watzberger et al * ymialp 23 1-24 momta 7 6 (3-9 O
W atzlierger e al * \rm ol p §1 333ycars 1% 5 (5-16)
Lanal et ald Anntolp 14 423 months € 5 (5-8 5)
Gasul et 21 * Mmtalp 36 3-13years 35(3-12 %)

Am ] Dis Chiid 83 045 1952
) Pechat >> 726 1943
J Peduae 2460 1949

Table 3 AmntoTongue Ciculoion Time by the Derhalin Msthod ;m “ormal
Chid en (Lind)

Sumber of Pate nt tml 5 i e and Rang n Seend
21 30 10 5 (3~17]

& 60 10 47 5-15 5)

§7 712 1 Q7 514y

£ 1215 14 9 (10-16)

¥ Aty ediat Scaadiav 38423 1949

The Childrens Hosprtal w Boston two methods are used pripcrpally
Both give rehrble aad reproduable results both measure the arm to
mouth circulation tme Tables 2 and 3 contamn normal ralues for these
two methods

In the fluoresten method 007 ex per pound of body weight of 2
solution contauting 5 per cent sodium fluoresceis and 5 per cent sodmm
bicarbonite s tjected mta the antecubitad e ta a dark raam A fuores
cent hght {3 mothficahion of the Woods lamp) shmes on the patients
Iips The cad pent 15 usually sharp when yellowish fluorescem shows up
ont the patient s mowth The chuld should be cwrefully evimined under a
$toed s Yamp before the test for fuorescent matenal which may confuse
the rexding pemciilin and Aureumycin have gnen trouble an this respect
This test 1s especially useful with small children when an objectine end
powt 15 needed Doses of more than 5 e mayv cause somtng

In the second method Dechalin 1s used 1 dosages of 2 co for chil
drep less than seven years of age wd 8 e for older choldren 1n order to
determine the arm fo mouth errculation tume The matenal s ymected
wmto an wtecubitd vom but the end pomnt here 1s swbjective The patent
should be 3 to mdicate L) by raiging s hand when
= butter taste touchies Jus tongue This test can be used effectively wm pa
tents seven years ofd or alder h

There 1s a third method with whith 1 hase had vo personal expent
ence It consists in the use of Evans blue for the determuination of o
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culation time with an ear oumeter registering the end pomt According
to Swan md Wood ? 7 3t 15 2 most effectn e test

ROUTINE LABORATORY TESTS

Routine laboratory tests performed on all children mcluding those
with cardiae disease will not be described here in detail Their particulr
appheabihty to children with heart disease will however be mentioned
briefly

UnrinaLasis

Patients with congestive fulure may have albuminunn a unne of
high speaific grvaty and mild hematurin Hematuria s also found 1n
patients with subacute bactenal endocarditis

CovirLeTE BLoop Cerr Count

Leukocytosis of moderate degree may be present in congestne fail
ure subacute bactenal endocarditis and acute rtheumatic fever with or
without failure A high hematoent value s always found in patients with
cvanotic congenital heart disease In addhtion to determuning, the hemato
ent level 1 careful anahvsis of the blood mdices (men corpuscular vol
ume mean corpuscular hemoglobin and mean corpuscular hemoglobin
concentrition) as well as mspection of the smear 15 indicated Such
careful survey of the hematologic data often reveals the presence of
hypochromic anerma requinng iron treatment or a dangerously ligh
hemtoerit value (more than 80 per cent) requinng venesection The
normock or hvpocl anemun noted with subacute bacterial
endocarditis wnd rheumatic fever should be observed

Acvute Prsse REACTANTS

In acute nfections particularh rheumatic fever certain substances
which wax and wane with the progress or subsidence of the disease ap
pear in the blood These substances are called acute phase reactants
Two tests—one used widelv the other only sporadically—giving, informa
tion about these substances should be mentioned

The erythrocyte scdimentation rate 1s used universally as 2 rehable
index of theumatic activity  An elevated crythrocy te sedimentation rate
{Westergren more than 20 mm per hour Wintrobe corrected more
than 15 mm ) 1s almost invannbly present in patients with acute rheu
matic fever One notable exception 3s the finding of 2 normal sedimenta
tion rate mn some patients with acute rheumatic fever mn congestine ful
ure High scdimentation rate levels are also found in patients having
subacute bacteral endocardiis The phase reactants contributing to the
sedimentation rate ire probably fibrinogen alpha and gamma globulin

The C reictine protan is an acute phase reactant not normally pres
ent 1n the blood Ch 1ly the sul 1s an alpha globulin precips
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tated wath the somatie C polystechande of pnewmoacocer In the routine
Iaboratorv test bt serum 15 used to precipntate the substance from
{he patients serum It as present with high regulits m almost all pa
tieats who bwve acute rheumatic fever mnch those with cong
failure However patients with certun wolated rheumatie mansfestations
usually those vot accomprmed by ferer or clevated sedumentation rite
(such as chorea erythema margmstum o Aschoff bodies w the left
atrum) fail on ocersion to show C revetive protem in ther blood The
princapa] value of the Creactive protem determnation 1s that 1t fur
nishes the hest Inberatery evidence for subsidence of theumatie actmty
Usually the substance disappears from the blood 7t an apprecmble m
terval alter the retum of the erythrocyte sedmmentation rate to normal

BACTEMOLOGIC AND SenoLocic Exavuvaniov

Darect or mdireet evidences of a streptococeal infechion are found
m the vast majonty of patients with acute rheumatic fever Direct proof
15 the finding of group A hemolytic streptocacer mn nose and threat cuf
tures from patients hrning acute rheumatic fever Indirect evidence of
a poststzeptococedl state a3 furmished by an elesated antistreptolysin
O titer (250 units or more) m the serum A detectable merease m the
antistreptoh s titer sfarts about two weeks after the onset of strepto
coccal mfection The titer usually reaches its maximal level four to six
weehs after the onset and returns o normal within four months Al
though cbvioush the d of th fever cnnot be based on
the elevated antistreptolysin titer alone 1ts absence exeludes for practical
purposes the presence of active rheumatie fever

A posstive bleod culture 15 1 itegral though not mdispensable
part of the thagnosis of subreute bacternt endocarditis




CHAPTER 2

Radiology of the Heart

No cardiac examination 15 complete without an adequate radiologic sur
vey of the patient A complete radiologic examinibion should mclude
both radiography and fluoroscopy preferably with approprte spot films

FLUOROSCOFY

Cirdiac fluorescopy 15 the direct evammation of the patients chest
and heart under 1 fluoroscopic screen Although the proumity of the
sereen to the chest mevitably results 1n enlargement and distortion of the
cardine silhouette fluoroscopy provides certamn mformation not otherwise
obtamable

A word should be included here concermng the controversy as to
whether the radiologist or the cardiologist should perform this relatvels
simple exammation Iderlly cardiac fluoroscopy should be a cooperitne
venture The broid expenence of a good radiologist his abihity to survey
adequately the entire chest and abdomen under the screen to recogmze
the 1mprint of vascular anomalies on the barium filled esophagus to note
the adequacy of the diaphragms all are invaluable 1 obtaining 1 good
total picture of the patient On the other hand the famihanty of the car
diologist with the cardiac silhouette and his mental rmage of the climeal
prcture and the electrocardiogram of the patient are mdispensble i the
darkness of the fluoroscopy room Optimlly both the radiologist and
the cardiologst should be present at fluoroscopy If however there has
to he a choice between the two I beheve that unless the radiologist has
made 1 speeinl study of children with heart disease the pediatrie card:
ologtst ss probably better equipped to perform the fluoroscopic examina
tion

The most obuous advantage of cirdinc fluoroscopv over any other
type of i hmique 1s that at pr ts the heart in 1 dynamie
fashion onc mny thus obtun & good imnge of the amplitude of the heart
beat The sccond advantage of this method 1s that by rotation of the
patient to the oblique ind lateral positions the evaminer my bring Iud
den structurcs mto view on the fluoroscopy sereen Thurd such cxtra
cardrac structures s the thymus can be scparted by fluoroscopy from
the cardine silhouctte proper Tourth by having the patent swallow a
barum mixture one can easily outhne the ¢sophagus and thus demon
strate the impnints of adjoimng portions of the heart and great vessels

24
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Last but not least cardiac fluoroscopy 1t & glance gnes a great dexd of
mformation about the other mtrathoracie organs

The fluoroscope to be used i pediatric cardiology should be
equpped with a tht table llowing for the exanunation of mfants Iyng
dawn and older children stwnding up A device for taking spot films s
also 1n smportant part of the fluoroscope as is * tming device to remund
the examiner of the amount of exposure the patient his had No more
than five to ten wunutes of fucroscopy hme at 50 to 70 hdovolts should
be used for )y one patient

One cannot emphasize strongly enough the necessith for 1 dark
adaptation period af at least five minutes hebund red glasses before start
ing fuoroscopy  This time can be spent usefully 1n explamng to the par
ents and the child what 15 going to happen In this way the whale pro
cedure 15 & great deal less fnghtentng Alsa 1t gives the child & chance
to look around the room and see the people 1 it Another powt worth
emphanizing s that st 15 "dmost ble to use the fl pe on a
child especrally a small one wathout the help of a tramed nusse or a
techmictan her assistance ss needed to hold the clnid and to offer the
harmm mezal i a pasoisn e fashion

1f the chukd 13 cooperative and wund; ds what 15 requised of him
fluoroscopy i the upright positioa 1s preferable Otherwise much better
results can be obtasned #f ke hes on hus back with hus arms and legs re
strammed The first view under the Huoroscope should be of the entwe
chest This gres the evammer an opportunity to see the heast size
relation to the entire thoracie cavity and to notice the rate of respiration
the movement of the diphragras and the site of the stomach bubble
After this general onentation the screen should be narvowed down to the
cardiac sithouette and both hili The child should then be turned from
the postercanterior view to the twa obliques (Fig 11} He should be
exammed 11 at least these three views and preferabh i many others
Certam structuses such as the mamn pulmonary artery often are scen
best here mudway between the p enor nd the nght an
tentor obhique views
The mduidual chambers making up the cardine silhouette 1 the

1ews are set i3 d 1 Pigure 11
In the posteroantesior view one should try fo 1dentify three per
manent companents of the left border {the left ventricle the pulmonary
artery and the aorta) wnd search for the outhines of the laft atram The
pulmonarv artery may be distingmshed fram the left ventnele by looking
for the roching beat caused by the contracting left ventride on the one
hand and the evpnding man pulmoniry wtery on the other Identfica
tion of the main pulmonary artery segment from the -ortic hnab should
present no major difficulties there 15 usually a defimte indentation be
tween the two structures and the pulsation of the aorta 15 as a wle
conniderably stronger than that of the pulmonary arterv The aortic knob

1417,
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Figure 11 Schematic representitin of (1) posterornterior (B) right antenor
“blique and (C) Icft anterior oblique vicws of the heart at cardiac fluoroscopy
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cn also be sdentified by following the continuzaus sweep of the aorta
fram the upper night border of the heart up through the stemum where
1t juts out on the left =8 the Laob I the left Atomm projects out on the
left border 1t 15 represented as a double contour with relativedy wend
pulstions overhppng the poserful contractions of the Ift ventnele
and the mum palmonany artery I the left atnum s Iage enough o
project out at the left border 1t usually pushes the banum filled esoph
agus to the nght m the posteroantenor view and postersorly 1n the night
anterior obhique posstion

The nght border of the posteroanteniar view as seen m Figure 11
is normath made up prineipally of the nght atnum and the supenor
vent ema with the ascending aorta contnibuting to the upper nght
border A large left atnum mav ~dso partieipate an the formation of the
nght border forming a double contour In thys case the other evidences
of left atnal enlargement will also be noted in the posteroantenor and
the night antenor obhgue views

The thud chservatton—n extremely mmportant oune~te be made
the posteroanterior view 15 the size of the hiar vessels These are best
seen with the fluoroscope coucentrited on the vessels 3% to 1 inch avay
from the cyrdbae sithonette Both the left and nght sides should be
surveyed and the size of the vessels and the presence or absence of
pulsations should be noted Defimte diff tion of mtrinsie pul
of the hilar vessels (“hular dance”) from actvities transmitted from the
mam cardac sithouette requires considerable patience and expenence
Two pomts help m distingushing these two knds of pulsations the true
mtrnsic pulsation as (a) concentric and (I} present at some distance
from the cardiac border

The final observition to be made in the posteroanterior view 15 the
contnbution of the thvmus to the cardiae sithonette The thynuc shadow
may make the heart appear much larger than 1t actually 15 but it can be
separated from the heart relatively easihv by noting sts apron hke”
contour and observing its lower tip running up d down wath resprra
trons This distinction 1s especally necessary m the exammaton of well
nonrshed mfants w whom the thymus 1s usually large In older cheddren
or emaciated mfants the problem should not anse

The schematic presentation of the two obhque views 1s found m
Figure 11 The left antenor oblique (LAO} s parteulasly wseful wm
determmmg the relitive size of the two sentneles Inciprent left atnat

may be d from the elevatwon of the Jeft mam

bronchus 1 this view The size of the ascending aortic arch as well as
that of the night mun pulmonary artery may be estumated 1 this siew
The nght antenor oblique (RAQ) view furnishes a useful measure of
nght ventnenlw enlurgement by demostrating how much of the an
terior border 15 1 dwect contact with the sternum The mar advantyge
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Figure 12 Generalized enlargement of the heart 1n patient with primary myocirdial
disease Note alio the marked pulmonary v sculir engorgement

of this view however 1s 1n helpimg to determine even miimnal degrees of
atnial (especinlly left atninl) enlargement

DracNosTiC PATTERNS AND THEIR S16MFICANCE

When cardrc fluoroscopy s carefully performed certan rdiologic
patterns emerge A bnef discussion of these will follow

The cardiac beat may be overactive mn wema thyrotoucosis large
left to nght shunts aortic regurgitation and excitement An unusually
quiet beat 1s noted in conditions such s congestive failure myocardinl
disease and pencardinl effusion or constriction Bradycardia of 50 beats
per munute or less usually mdicates complete heart bloch and 1s well

gnizable on the fi pic screen by the rapid atnal and slow
ventricular pulsations

The gencral contour of the cardie silhouette may be typicil of
certain well defined entities The globular heart invohing enlargement
of all chambers 15 charactenstic of the pnmary myocardinl disease group
(Fig 12) The “water bottle” shape of a large pencirdial effusion s
easth recogmzable (Fig 13) The “shecps nose contour or coeur en
sabot (Fig 14) 15 typical of the tetralogy of Fallot or of some tricuspid
atresias The “figure 8" shape of the hcart 1s scen i total anomalous
pulmonary venous drasnage nto the superior ven1 ewa (g 15)

Afinmmal enlargement of the left atrium can most eastly be detected
in the nght antenor oblique view by the mmpression 1t leaves on the
banum filled esophagus (Fig 16 A) More severe degrees of left atnal
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Figure 14 Sheeps nuse contour {cocur en sabat) of heart of patrent wath tetralogy

enlargement arc charetenized in the posterontenor vew by the devia
tion of the barmum Blled esophagus to the nght (Fig 18 B) and in the
left anterntor obhique view by the elevation of the Jeft mamn bronchus
Left atnal enlargeraent 1s seen 1 cases of left ventescular fashare mitral
valvular disease patent ductus and occa il 1

ma
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Figure 15 P view of ch figure of § of hewt
of patient with tota] anomalous pulmonary venous dramage into the superor vena
enva

Frgure 16 Large Yeft atnum in {(A) posterontertor view  displacing the banum
* Blled esephagus to the nght and (B) nght antertor oblique siew displacing the
bartum flled esophagus postcriorly

septal defect The largest left atria are seen m severe mitral regurgitation
m these eases fluoroscopie examination mav disclose 1 paridovieal
pulsation of the Jft atrum This observation has been r¢peatedly con
firmed by electrokvmography and 1s 1 relatnely useful sign of mitral

regurgitation
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Figure 17 Left ventucular enlargement in (A} posterosstenor view shawing the
cardiac apes pomtng downward and (B} it antenor ablique view  showng
cardiae ape powting downward and postenosly

Figire 18 Large ascending aorta m {A) posteroanteriar and {B) left anterwr
obligne views
Enlargement of the left sentnele 15 best visurbized i the postere
antenor and the Jeft antenor oblique views (Fig 17) In both of these
an enlarged left ventticle mamfests 1tself by producng displacement of
the earchac apex downward and eutward In the postercantenor view the
larged left ventaele causes & ing of the left k
segment Left ventrieular enlurgement 15 charactenstic of mitral repurg:
taton acttic vabalar disease cowctation of the orts patent ductus
arternsus  certasn anstances of ventricular septal defect and tncuspsd
atresia
The aorta can best be outhined m the postersantenor and the left
anteror oblique views {Fig 18) Enlargement of the aortic arch s
characteristic of congenital valvular aortic sterosts and -artic regurgita
ton Hypoplasia of the aorta 35 generally said to be typical of atwal
septal defect (Fig 19) Vigorous pulsation and collapsing beat of the
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Figure 20 A Normal left aortic arch with depression on the barum filled esophngus
B Tught aortic arch with Impresston on the esophagus on the night side

orta Are scen m qortic regurgitation patent ductus artenosus and certain
mstances of hgh ventnculr septal defeet The position of the aortie
arch can best be demonstrated by asking the patient to swallow a
mouthful of barium paste and watching the passage of this radiopaque
matcnal down the esophagus A normal left aortic arch causes shght
deviation of the esophagus to the right in the posteroanterior view (Fig
20 A) and postenorly in the left anterior obhque view Converscly 1f
the nortic arch 1s on the night the esophagus deviates to the left o the
posteroantenior view (Fig 20 B) and anterrorly e the left anteror
oblique position Ihght aortic arch 1s commonly seen without any other
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Figure 21 Large right atrum in (A) posteroantenor and (B) nght anterior oblique
views

Figure 22 Large nght ventncle in (A} posterantenor (B} n-ht antertor obly
and (C) left antenior oblique views Note in B how the heart dxsp!.’gmes the xelmstcg:ﬁ
space
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Figure 23 Pronunent main pulmonary artery 1n posteroanteror \lew

cardiovascular anomaly It 1s 1 frequent concomitant of ventricular septal
defect with pulmonary stenosis but 15 practically never seen i conjunc
tion wath isolated pulmonary stenosts The diagnosis of so called vascular
nings by means of 1 barium swallow 15 reviewed 1n some detail on page
415 ff

The superior vena cava forms the upper nght border of the cardiac
silhouette m the posteroanterior view Tremendous dilatation of this
structure may be seen 1n cases of total anomaly of the pulmonary venous
drainage Enlargement to 2 lesser degree 1s 2 fauly constant concomitant
of the tetralogy of Fallot syndrome

Rught atnal enlargement can best be demonstrated 1n the postero
anterior view and in the nght antenor oblique view (Fig 21) An
enlarged nght atrum 1s seen with tricuspid disease Ebstein s anomaly
pulmonary stenosis pulmonary vascular obstruction and atral septal
defect The largest ncht atna are seen m tricuspid regurgitation and
Ebsteins disease

Right ventnicular enlirgement may best be visualized in the pos
teroanterior vicw by an upward and outward displaccment of the cardiae
apex (Fig 22 A) If the nght ventrcle 1s large it my totally displace
the retrosternal space i the nght antenor obligue view (Fig 22 B)
In the left mtcror oblique view the generilly rounded contour wath an
anterior bulge 15 charictenstic of an enlrged nght ventricle (g
22 C) Right ventricular enlirgement 1s alwys present with tricuspid
regurgitation pulmonars stenosis pulmonany vascular obstruction mutral
stenosts large ventrcular septal defect and atnal septal defect
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The main pulmonary artery segment 1s best outlined 1n the postero
antenior view or with the patient turned a few degrees from the pos
terornterior toward the nght anterior oblique (Fig 23) The nght maun
pulmonary artery 1s best seen on end m the nght anterior oblique post
tion just below and postenor to the ascending norta (Fig 24) The left
mam pulmonary artery 1s clearly outlmed in the left anterior oblique
poston (Fig 25) below and to the left of the ascending aorth The
pulmonary artertes may be enlrged i pulmonary hypertension valvulwr
pulmonary stenosis and patent ductus arteriosus Hy poplastic pulmonary
artery or absence of the man pulmonary artery segment 1s typreal of
infundibular pulmonary stenosis and transposition of the greit vessels
Hyperactive pulsations n the mam pulmonary artery segment are char
actenstic of large left to nght shunts pulmonary vascular obstruction
and certam cases of mutral valvular disease In patent ductus arteriosus
the amplitude of pulsations m the aorta and the pulmonary arterv 1s
frequently 1dentical 1n ntensity and synchronous 1n timmng

The status of the pulmonary vasculature can best be judged by
radiography Cardiac fluoroscopy g es invaluable information however
about the p or ab of imntrinsic pul so called hilar
dance This 1s noted 1n all instances of congemtil heart disease with a
large left to nght shunt and 1 cases of pulmonary hypertension Ex
pansile pulsations are almost never seen with acquired heart disease
even in the p of marked pul y vascular engorgement

RADIOGRAPHY

The patients chest should be in direct contact with the film and
the tube should be 6 feet from the patient In this fashion distortion
of the cardiac sthouette 15 hept at a mintmum (10 per cent) =nd the
mmage 15 reproducible As  rule three views are taken “anteroposterior
left antenor oblique and nght anterior oblique with Jeft or night laterals

The advantages of radiography over fluoroscopy are that a much
Ingher degree of defimtion can be achieved permittmg greater recogm
tion of detail and of course the fact that a permanent record 1s obtuned
This record 1s mvaluable m the long term study of any single patient
or disease

CARDIAC SILIIOUETTE

The contour of the normal heart as scen in the posteroanterior
radiogrim  depends somewhat on the height of the diaphrgm Tor this
reason 1f possible all films should be taken n either full inspiration or
full exprration (Fig 26)

The age of the patient 1s also an 1mportant consideration 1n judging
the cardiac silhouette The heart of 2 normal newborn or young mfant
s a nght sentniculwr contour corresponding, to the dominance of the
nght ventncle 1n this age group This results m a coeur en sabot type
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Figure 26 Chnge 1 heart size caused by tespirations (A} Full mspirstion (B)
xpiration
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Figure .7 Diagram for determmnatson of cardiathoracic ratio

of appearance The pathologie types of nght ventncular enlargement
such as tetralogy of Fallot can be seen only as an exaggeration of the
normal configuration From the age of pproumately s months on
the heart starts assuming the “normal left ventneular configuration Thes
process reaches sts culmmation i the oldcr age group m which the
patient with hypertensine disease has defimte Ieft ventncular enlarge
ment The left yentrientar type of configuration i o newbom or young
mfant 15 as distinetlv abnormal s gs g riEht ventneolar shape m an
older child
Innumesable tables for the determwation of the “normal heart size™
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for ny age height or weight are avatlable Thev are cumbersome diffi
cult to use and far from accurate for children For practical purposes the
use of the cardiothoracic ratio has proved to be as satisfactory as any
method and 1t 15 by far the simplest The ratio consists of the relation
of the transverse diameter of the heart to the maxumal mternal width of
the chest (Fig 27) The transverse diameter 1s the sum of the mdleft
and midnght diameters these are determmed by drawing a honzontal
line from the midline to the farthest left and farthest night borders of the
heart A cardiothoracic ratio of 05 that 1s a heart which 1s less than
half of the size of the thorax usually means a heart of werage size This
ratio cannot be used with any accuracy m newborn and small infants

here a transverse diameter of 55 cm 1s taken as the upper limit of
normal All these total ts are appr at best The
size of the mdinidual chambers may be more valid than the determina

tion of the size of the heart as a whole However changes in the cardio

thoracie ratio through the years in one patient may well reflect the
progress of heart disease

PULMONARY VASCULATURE

The lung fields mav be divided arbitranly into three vertical sec-
tors the hilus the middle and the outer third Normnlly the vascular
markmgs are eastly observed m both hili (Fig 28 A) Becausc of the
position of the cardine silhouette the right lus 1s better visualized 1n
the anteroposterior view than m the left The vascular elements of the
hilar markings consist of vessels seen on end plus the left and right mun
pulmonary artertes scen longitudimally Normally vessels of appreciable
calbiber are seldom seen n the middle third of the lung field and never
in the outer third Presence of such vessels mndicates pulmonary vascular
engorgement (Fig 28 B)

One mw assume that the engorgement 1s active if the enlged
vessels have clear sharply defined edges Hazmess poor outhne and
general “flmimness” of the lung field are charactenstic of passne conges
tion of pulmonann edema The differential dingnosis between passive
congestion and pulmoneny nfection 15 sometimes extremely difficult
even mmpossible s a rule however passive congestion 1s best seen mn
the hilus and the middle third of the lung field nd 1s umformly dis
tnbuted over both sides as well 2s over the apex wnd the base In
fectious processes 1n contrast are usually more spotty 1 distnbution and
mas extend throughout the outer third of the lung, ficld without sertously
affecting the lilus A dctermination of the penpheral pulmonary vas
culature 2lso may best be judged by ridiography If the vessels—on end
or lengthwise—re small in the middle or outer lung field we obtain the
picture of pulmonary aschemia (Fig 28 C) This 1n fact 15 the result
of normal or dummished amount of blood with low pressure 1n the lungs



RADIOLOCY OF THE IEART 39

K4
B!

Figure 28 (A} Dhomal pulmenary vassalatwre (B} Pulmonary vaseular engorge
ment {€) Pulmonaxy ischemia

One fusther pecubanty of the pulmenwry vasculatuse has to be
considered here nameh the collaterals The question boils down to thus
Where do the pulmonary vessels come from® If they ongmate as they
should from the left aad night mam pulmonary arterses then these
principal vessels should be rewddy wsible m the Iulus and the smaller
vesics shoudd dummsh gradually from the huhs toward the outer thied
Comverseh of the pulmouary 1asculature 315 principally made up of
broachial collaterals such 45 are scen i pulmonary or tricuspid atresia
the vessels will not ongmate from a well defined hidar “comma  and
their distnbution wvall extend m a Iawcelhe pittern evenly throughout
the lung ﬁulds Figure 28 shows & predomwantly bronehial type of pul
manary Unequal distnb of the pul 3 vasculiture
may be seen m certam congenrtal anomlies involving atresia of the left
or the nght mam pulmonary artery




CHAFPTER 3

Electrocardiography

Elect; diogriphy physieal ex ton and radiology form
the tripod on which rests the climeil diagnosis n pediatric cardrology
[o} of unfamilianty with or pretation of any of these three

tools spells disaster

This chapter on electrocardiography can perhaps best be mtroduced
by cnumerating the things 1t does not amm to do (1) It 1s not a complete
treatise on electrocardsography  Excellent textbooks are available for
this purpose % 23 361 (2) It does not mike the assumption that the
reader knows nothing about electrocardiograms It 1s unlikely that an
appreciable number of medical school graduates Inck thus knowledge
(3) It does not describe conditions of no significance in pedratries This
would be contrary to the purpose of the book
In 2 more positnve way the aim 1s to present 2 conctse and practrcal

of elect hograms of child with emphasis on the nor

mal electrocardiogram as well as on the pathologie conditions prevlent
n mfancy and childhood

THEORETICAL CONSIDERATIONS
Tur ELECTROMYOGRANM

Before the electrocardiogram can properly be understood certun
relatively simple physiologic explanitions pertuning to the isolated
musele strip are necessary The nstde of the cell schematically presented
sn Frgure 31 carrtes 2 negatnve charge the outer surface 2 positive one
Thes potential difference has been measured by micro electrodes and
has been found to be m the neighborhood of 90 millnolts If 2 gal
yanometer 1s connected to two pormnts on the surface of a resting muscle
no 1 1 diff 15 Teg 1 swmce all pomnts on the extenor of
the unstimulated cell have the same potential (Fig 32 A) If the stnp
1s stmulated the potential on the surface of the membrane drops to zero
at the sumulated pomt because the membranc becomes electrielly
pcrmcablc and the charges on the two sides neutrilize each other As the
wave of exaitation spreads the cntire surface of the muscle reverses its
positive charge If & galvanomcter 1s connected to two points on the
surface of 1 stumulated muscle then n contrast to the resting state
potenml differences are regsstered the already depolanized portion of

42
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Frgwre 28 (A) ool pubmonary veseulature (B) Pulmonary vasculas engosge
went (C) Pelmonary schemna

One further ] f the pul, wascul has to be
considered here namely the colla(emls The q\xcs( :om botls down to thus
Where do the pulmonary vessels come from® If they oniginate as they
should from the left aad nght mun pulmonary artenes then these
prncipal vessels should be readily visble m the hslus and the smaller
vessels should dimsnish gradually from the hulus toward the outer third
C hy if the pulmouary 15 prancipally made up of
bronchial collaterals such as are seen m polmonary or tneuspid atresia
the vessels will not ongnate from a well defined hilar “comma ” and
their distnbution will extend mn a Iwcelke pattern evenly throughout
the hmg fields Figure 29 shows 2 pxedommantly bronchial type cf pul
manary i Unegual d of the pul 3 v
may be seen m certam congemital anomabes 1avolving atresia of the ltﬂ
or the nght mam pulmonary artery

Fan



40

THE TOOLS OF DIAGMNOS

Figure 30 Rsb notching in patient with conrctation of the aorta
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Dilated mtercostal artenes may exert sufficient pressure on the lower
end of the sibs to erode them gning nse to “nb notching " pathog
nomonic of corrctation of the sorta (Fig 58)

ORTHODIAGRAFIRY

Qrthodsagriphh conaists 1 the tracmg of the cardiac sithouette on
the fluoroscope screen without distortion by means of a “single” roentgen
‘beam The tracmg 1s reproduced on 1 piece of onion shan paper attached
by chps to the sereen This method ts accurite and mevpensne and
leaves a permanent record thus combimng the advantages of fluoroscops
and richography  The prinerpal disadvantages are that 1t 1s time-consum
g and occamionalh 1t exposes the pahient to more radiation than s
desirable W rthin recent vears 1 have had no expenence with this method
If no equpment for radwaraphy 15 wadable fuoroscopy combined
with orthodiagraphy should be used Excellent deseniptions of the tech
mqgue are avaslable elsewhere ¥



CHAPTER 3

Electrocardiography

Electrocardiography accurate physieal eximination and radiology form
the tnipod on which rests the chimeil dignosis i pediatnie eardiology
Omussion of unfamilirity with or misinterpretation of ny of these three
tools spells disaster

This chapter on electrocardiography can perhaps best be mtroduced
by enumernting the things 1t does not aim to de (1) It 1s not 2 complete
treatise on electrocardiography  Excellent textbooks are wailible for
this purpose 8 2 361 (93 It does not make the assumption that the
reader knows nothing 1bout electrocardiograms It 1s unlikely that an
appreciable number of medical school graduates lack this knowledge
(8) It does not describe conditions of no significince n pediatries This
would be contrary to the purpose of the book

In a more positive way the um 1s to present 1 coneise and practical
di of electr diorwms of child with emphasis on the nor
mal electrocardiogram as well as on the pathologic conditions presalent
m infaney and childhood

THEORETICAL CONSIDERATIONS

TiF LLECTROMYOGRAM

Before the electrocardiogram ean properly be understood certan
relatively simple phyvsiologic explanttions pertaiming to the 1solated
muscle strip are necessary The 1nside of the cell schematically presented
m Figure 81 carnes a negative charge the outcr surface a positive one
This potential duff has been y lectrodes and
has been found to be m the neighborhood of 90 millwolts If a gal
vanometer 1s connected to two ponts on the surface of 1 resting muscle
no potential difference 1s registered since all points on the extenor of
the unstimulated cell have the same potential (Fig 32 A) If the stnp
1s simulated the potential on the surface of the membrane draps to zero
at the stimulated pont becruse the membrine becomes electrically
permeable and the charges on the two sides neutralize each other As the
wave of excitation spreads the entire surfice of the muscle reverses its
positne charge If a galvanometer 15 connected to two ponts on the
surface of 2 sttmulited muscle then m contrast to the rosting state
polenlml differences are registered  the already depolanzed portion of

42




‘ELECTROCARDIOGRAPHY

+ 4+t

43

+ |l

|

+

Figure 81
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Resting muscle Sber {schematic drawing) showwng the negatne charges
wde

e and the postive chiasges outside the eell

POLARIZED (RESTING} C2LL
HO POTENTIAL DIFFERENCE
BETWIER POINTE A AND B

SPREAD QF DEPOLARSZATION
WAYE WITH FOSITIVE WEAD
POINT g POEIVIVE N
RELATION TO POINY A

DEFOLAMIZED BELL

KO POTENTIAL DIFFERERCE
BITWLEN POIRTR A AND P

APREAD QF REPOLARIZATION
WAVE WITH KESATIVE HEAD
POtHT 8 NEDATIVE an
RELATION Yo PALRY A

POLARIZED MESTING  CELL

Frgure 32 Electrieal phenomena m smgle muscle fiber stimulated at one end

the musele 15 electreally negatise compared to the wtact s yet un
touched portion (Fig 32 B) After the wave of exatgtion with a
postave head bas completely covered the cell membrane there remaing
no patental differenct. between the mner and outer surfaces of the entire
musele 1t 1s as if the entire efectrical energy of the stup had been fired
off or depolanzed (¥ig 32 £) As soon as the depolanization 1s
completed the muscle stnp starts to “refuel ™ to repolanze  during this
process the membrane regains sts wsubting capacity~the outer surfice
obtams a poutwe charge whereas the mnde becomes negauve The

p—
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RESTING cELL
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Figure 33 An elects gi: d from a gals ter set up at the end of a
single muscle fiber at the pole opposite the pomnt of strmulahon

spread of this “repolanzation wave” 15 n the same direction as the de
polarization wave only as shown in Figure 32 D the head 1s now
negative mstead of positive With the completion of repolanization the
muscle returns to the resting state (Fig 32 E)

If a gahanometer 1s connected to the end of the musele stnp
such a manner that the positive potentials are registered as an upward
deflection and the negative ones as 2 downward deflection then the
depolanzation and repolarization waves are desenibed as a diphasic
curve the so-called electromyogram (Fig 83)

One final word about the physiologic background According to
recent observations the changes in membrane potenttal during depolant
zation m1y be defined chemically to a large extent by the exodus of
potassium 1ons from the mside of the cell Conversely repolnization
according to this theory may be expluned by 2 re entry of potassium
from the extracellular flurd into the intenor of the cell after which 1t 1s
sealed i by the membrane

Tyre. LLECTROCARDIOCRANE
By connectng a galvanometer to the heart an electrocardiogram
may be obtained This 1n contrast to the simple diphasic curve of the



ELECTROCARDIOGRAPIIY 45

m?e rvat

Figure 34 The waves of the norm! electrocardiogram (After Burch and Winsor A
Primer of Electrocardiography Philadelplua Lea & Febiger )

myogram consists of three elements—F QRS and T—ll of which com
monply pomt m the same direction (Fig 34)

It cannot be emphasized enough that the electrocardiogram rep-
resents the action current of electnical happcnings n the heart and bears
very distant relationship to mechanical forces As a matter of fact elec
trical phenomena precede 1n time the muscular contraction hence the
electrocardiogram cannot reflect the effective force of the contraction

‘The principal differences between the myogram of a stnated muscle
and the electrocardtogram probably are due to four mamn factors (1)
the difference muscle refractory penod (2) the syn(:\ tral nature of the
heart muscle (3) th of a rather pl; 58
tem and (4) the problems 1 placing the galvanometer i the vieinty
of the heart

The refractory penod of the heart muscle 1s considerably longer
than that of striated muscle This fact is responsible for the mabihity of the
cardiac muscle to go mto tetanic contraction 1t enables the beart to beat
rhylhmlca“) and to rest between contrachons The 5mated muscle can
go mto an “ovvgen debt” during prol 1
debt that can be paid during, 2 pm]onged restmg pentod Tbe heart for
Joenns TRasUs cumieh Bet B P 4 et e e Yong vehradhory
pertod furnishes st with fime to "re(uel between beats

The syncytial nature of the heart muscle 1s responsible for the fact
that the electrocardiogram 1n contrast to the myogram 1s not a diphasic
curve The wave of depolanization of the ventncles as represented by
the QRS complex 15 not followed by a mirror image repolanzation wave
but rather by a lower and wider mns( commonly upward wave—the T
wave The d of the el from the simple diphasie
pattern of the muscle strip 1s called the ventnicular gradient and pre
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Figure 35 The cond ct on system of the 1 eart (After Wolff 301)
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Figure 36 Tle spread of the impulse through the nomal conduction system as
reflected at the nght unipolar clest lead (V1) left umpolar et est Iead (Vo) nglt
cavity {CR) and left canaty (CL) For details and explanitions of I 2 and 3 see text

sumibly s due to the anatomic constellation of the fibers and the
resulting differences 1 durition and ntensity of the exaitation in dif
ferent parts of the syncytium

The conduction system of the heart 1s a complhicated one (Fig 35)
The impulse is usualhy formed in the sinoatriadl node s the wall of the
nght atnum close to the opening of the supenor vena ewa I'rom here
st spreads Iike 2 npple 1n a pond through both atna the nght atrum
15 actinated first the left atrium later As the wve of excitation spreads
through the atri1 1t reches the atnioventricular node 1n the wall of the
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Figure 37 ‘The bipolar leads of Einthoven and therr reflection on the galvanometer
(After Burch and Wnsor 69)

nght atnum near the openmg of the coronary sinus From the atno
ventnicular node the impulse spreads down tow ard the ventncles through
the atrioventrcular bundle (His) and 1ts branches Ordinanly the septum
1s activated from left to nght (Fig 36) Next the impulse reaches the
narrow wall of the nght ventricle for a short time only to be overpow
ered by the impulse reaching the thicker left ventnicular wall the final
portion of the depolanzation process It should be remembered that the
process of depolarization spreads through the ventnicular wall from
the Purkinje fibers thmugh the endoc-\rdmm outward toward the sub
dal layers rey probably begins subepr

cardmlly and spreads tu\\ard the endocardium

The posttion of the electrode 15 the fourth vanant determining the
shape of the electrocardiogram The bipolar leads descnbed by Em
thoven (Fig 37) ongmnate from the extremities and regster potential
differences between extremities—the nght arm the left arm and the left
foot Lead I represents potential differences between the nght arm and
the left arm lead II between the nght arm and the left foot and lead III
between the left arm and the left foot These are the bipolar extrermty
leads or standard hmb leads of Emthoven In contrast the umpolar
leads the so called V leads measure what may be considered actual
electneal potentials at some gnen point in the body The umpolar hmb
leads aVp AV, and aVe*® (or Vp Vi and Vi )37 measure the electrical
potentials at one extremity Lead aVr measures the potentials at the right
arm aVy, at the left arm and aVp at the left foot The umpolar chest
leads measure the clectrical potentials of the heart at certun defimte
pomnts on the chest By convention the Amencan Heart Association
advocatcs the use of six chest leads Vi to which in pediatrics threc
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Figure 33 Location of the untpoltr chest Ieads commonly obtained in chuildren
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Figure 89 The electrocardicgram and sts corrdation with the sarbus mechanieal

activitics of the carduae cycle
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Fiure 40 The normal umipolar hmb and chest leads in an adult with a vertical heart
For detals sce text.

more (Vsr Vir and Vg) often must be added to obtan a clear cut
pattern of progression (Fig 38)

Varous types of curves are obtained depending on the structure
of the heart muscle the attributes of the conduction system and the
positton and number of the electrodes The basic tracmng and ats cor
relation with the activities of vanous portions of the heart are presented
m Frgure 39

Certam eonventions are observed 1n the semng of the galvanometer
In the standard hmb leads where 1 1 are explored the
galvanometer shows a positive deﬂcchcn m lead I if the nght arm po
tential 1s less than that of the left arm 1n lead II if the nght arm potential
15 Jess than that of the left foot and in lead III of the left arm potential 1s
less than that of the left foot From these conventions follows the fact
that at any one mstant i the P QRS T complex the mathematicnl sum
of lead ¥ plus lead 1L equals lead IT As an example 1if the height of
Ry1s -8 mm and the height of Byas —4 mm  then the herght of R must
be 44 mm

The conventions ruling the registration of the umipolar leads require
that the galvanometer be set in such a way that when the impulse travels
toward an el a positive defl 15 d bed whereas if the
npulse travels auay from it the deflection described will be a negative
one Taking the dragram describing the spread of the impulse from the
atnoventncular node through the ventricles 1t 1s possible to reconstruct
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Tabl, 4 Patterns of QRS and T Wates sn Vanous Regtans of the Heart 03

Surface of night ventricle pulmanary conus S T~
Surface of night sentricle basal (lateral walf) 8 or RS T=
Surface of nght sentricle apical Rs T+
Cawity of nght ventricle Srior 1§ T—
Cavity of left ventricle Q8 T—
Atnioventricular border of left ventricle

(transition bets ecn cavity and surface) back of the heart Qr or QR T—
Surface of left ventricle basal (lateral wall) qR or qRS T+
Surface of left ventricle apical gR orqRS T+

the tracings obtuned from virous umpolar chest and hmb leads (Figs
36 40 Table 4) It may be seen that the mitial deflection of V; rep
resenting a unipolar lead from the nght chest will be a notched posttive
one made up partly from the activation of the septum from left to nght
and partly from - short period of nght ventricular 2ctivation before the
thicker left ventricle asserts itself The final portron of Vy consists in a
deep negatne deflection caused by the impulse spreading through the
left ventricle awayv from the nght ventncular (Vy) electrode On the
other hind 1f the electrode 1s placed on the surface of the lateral wall
of the left ventricle or to Vg the electrocardiograph charactensticnlly
registers a qR paittern It 15 demonstrated 1 Figure 36 that the q 1s due
to the impulse mitially traveling away from the left ventricle actnating
the septum and later the night ventricle from left to nght The tall R
ensumng represents the impulse spreading through the bulky left ven
tnicle toward the electrode at Vs A third pattern obtanable from the
surface of the medial aspects of the left or the nght ventricle or from
chest lead Vs 1s the so called transitional zone pattern RS This 1s the
result of the galvanometers remistening both left and right ventncular
potentials with equal deflections A pattern usually obtammed from lead
AV 13 the right ventricular cavity pattern 1St representing the elec
tncal forces from the back of the heart Most of the impulses evcept
these from the very terminal portion of the left ventricle are directed
away from this electrode hence the pred, Ty downw ard deflect
Patterns not ordinarily obtaned m the unipolar Ieads of normal adults
are Rs which represents nght ventncplar surface potentials and 1s char
actenstic of nght ventricular hypertrophy and Q5 which 1 obtanable
from wside the left ventrcle through mtr d 1 diography

The electrical positton may be caleulated from the umipolar lead
patterns enumerated (Fig 41) If a left ventricular pattern (qR) 1s
regastered by the Ift arm lead the posttion is a honizontal one If this
pattarn 1s obtuned in the Ieft foot lead the position 1s vertical If both
AVr and 2% ¢, show a qRt pattern the posion is called intermeduate

The mean electrical aus masy be caleulated from the standard
bipolar leads by plotting the magmtude and direction of the mam QRS
complexes in leads I and 111 on a dagram Vertical lines are then drawn
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Figure 41 The clectnical position of the heart calculated from the unipolar leads
‘or details see text
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Figure 42 Dragram for calculating electncal ans (From Sanborn Company Cam
bndge Massachusetts )
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from the end pomt 1n leads I and HI The mntersecting pomnt of these
two lines connected with the center of the diagram gives the direction
m degrees of the mean electrical axts (Fig 42) If the dircction of the
man complex n Jead I 1s negative and that of lead 111 posttive there 1s
nght 1us deviation (4-90 to +180 degrees) Converscly tall Ry wnd deep
Sa means Jeft axis deviition (0 to —90 degrees) Normal aus 1s between
0 and 90 degrees
It should be emphatically mentioned here that deviation from the
normal axis may be the result either of ventricular hy pertrophy or of
posttion  Axis devration per se should not be considered equivalent to
ventriculir hypertrophy It should alsa be ponted out that infants and
children as a rule show right avis devirtion s a result of both vertieal
position and night ventricular dommance

PRACTICAL ELECTROCARDIOGRAPHY
How 1o TakE AN ELECTROCARDIOGRAM 0N A CHILD OR AN INFANT

The techmque of obtaming an electrocrdiogram 1 an older child
should present no particular problem The techmques deseribed 1n any
handbook by any reputable manufacturer of crdiogriphs should con
tamn sufficient mstructions

Infants on the other hand present considerable often msurmount
able problems In mv experience direct wnting machmes are nfinitely
more practical than photographic ones m the electrocardiography of
mfants The fact that the baby 1s not Iikely to hold still for any length
of time makes 1t imperatnve that the tecl sce instant T
whether a few satisfactory complexes without somatic interference have
been obtuned m any one lexd With a photographic machine even after
a great deal of expenence 1t 1s often impossible to tell prior to develop
ing the film whether a satisfactory tracing has been obtamed I am well
awarc of the magmficent records obtaned on a two channel photo
graphic machme by Doctor Ziegler®®® of Detroit I can only express
admyration for lis abihty and at the same ime express doubts that such
tracings could be obtamed 1n large numbers in the myonty of nstr
tuttons

Only a technician who likes children 1s hikely to obtun clear tracings
the reassurance and hindness emanating from such a person may make
a tremendous difference A bottle of mulk or a lolipop m1y quet a2
restless infant at other times the only way 1 satisfactory record ¢an be
obtamed 15 to finve the mother hold the baby i her Jap

In mnfants the smallest obtunable dectrode should be used 2 chest
piece with a 1/ meh diimcter usually suffices

It 1s important that the clectrode paste should touch the chest only
at the place where the particular Jead a5 of the paste 1s smeared across
the chest a single pattern may be obtaned from Vi ¢
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Figure 43 “ormal standardization
Figure 44  Sixty cycle interference
Figure 45  Somatic tremor

Finally i an mfant with a small chest lead V; may be omitted
from the senes of chest leads On the other hand Vg (ensiform process)
and Vi or Var should be taken routimely

Generat. EvaLuaTioN

The general evaluation of the tracing should mclude adequate evt

dence of correct standardization a current of 1 mllivolt mtroduced

ly into the machine should produce an excursion of 10 mm

i height and the upstroke tune (interval between onset and zemth of
the upward deflection) should be less than 002 second (Frg 43)

The base hine should be free from regular 60 cycle nterference
{Fig 44) and from 1regular somatic tremors (Fig 45) A wandering
base line or less and wregular defl are usually due to faulty
application of the electrades

DerervvaTioN OF RATE AND Riyminn

This should begin by identhfication of the P and QRS complexes
usually 1n Jead II or 1n whichever standard limb lead they are outlined
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Table 5§ Rate per Mmnute by Electrocardiogram Interspaces betuween 2 QRS

Complexes

5 300 13 115 21 72 29 52
¢ 250 14 107 22 68 30 50
7 214 15 100 23 65 3t 48
8 188 16 94 24 63 32 47
9 167 17 88 25 60 33 45
10 150 18 84 26 58 3¢ 44
1" 136 19 79 27 56 35 43
12 125 20 75 28 54

most clearly Next the relationship between the QRS complex and the P
wave must be determmed in terms of constaney or variability If the
relationship 1s constant the ventneular rate per muute 1s counted 1f
the relationship 1s vanable both atral and ventricular rites must be
determined The determination of the rate can most easily be accom
phshed erther by counting the number of small squares between two
consccutive QRS or P complexes (Table 5) or especially if the rhythm
1s wregular by multiplying by 20 the number of cycles between two
vertical hnes (three seconds) on standard electrocardiograms

Tne P QRS T U CovieLex

The P Wave The P wue the first complex 1n any eardre cycle
results from the electrical actrity of the atna (Fig 89) There 15 evt
dence that the first part of tins wave 1s the result of the 1ctnity of the
anterior portson of the right atnum whereas the final part corresponds
to the depolarization of the left trium and the posterior part of the nght
atnum The duration of the P wave m children measured 1n standard
hmb leads averages 006 second (standard deviation equals +002)
Its maximum herght 1s less than 25 mm 1 any Jead # 382 The shipe of
the P wave 15 usually rounded m the standard imb leads maximal in
Iead II and usually mimmal or even mverted (2 per cent of normals)
i lead HI The nght chest leads usually show diphisic or mnverted P
waves with the peak ppearing eartly P m V3 and Vg n contrast 1s
usually upnight but low with a relatively late peak P ain aVp 1s normally
mcrted 1 aVy 1s upnght

It mny be sud with fur certanty that P waves of more than 25
mm 1 height or more than 003 sccond m duration are abnormal m
cluldren and denote atrnl hypertrophy Some differentiation between
nght and left atral hypertrophv 1s usually  though not mmvanably pos
stble Petked or “gothuc shaped ™ tall but not prolonged P wasves
feads II and III coupled with pomted P waves an chest Jeads V 4
usully indicate night atral hypertrophy (P pulmonile) (Fig 46) In
contrast flat toppcd P waves n Jeads I and 11 of normal height but
prolonged duration with two notches at least 003 second apart indicatc
left atnal hypertrophy (P mitrale) (Fig 47) In the chest leads prom
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Figure 43 Inverted P waves in patient with dextrocardia Note downward Pin lead T
upnght P lead IT and upright Pmal  mverted Panaby

nent and Itte P waves mav be seen 1a V3 and Ve Bntish authors®™?
maintain that combmed atnal hvpertrophy mav be recogmzed on the
basis of the presence of both tall nd broad P waves the till carly ones
being visible mn the nght chest leads the late ones 1n the left chest lerds

Absence of P waves m all leads means absence of atrial actiaty It
1s wise however to explore the regions above Vy and Vg with 2 umipolar
electrode and perhaps even to obtun an esophageal lead before the
absence of P waves 1s dingnosed with certainty Occasonally  weak
atnal activity 15 not registered in the conventional leads

Inverted P waves in lead 1 (Fig 48) mndicate dextrocirdia and
obrigusly should be accompamed by upright P waes in <Vp wd
mverted P waves in 7V A P wave of unusual shape with 1 P R interyal
of less than 0 10 second usually means that the pacemaker 1s not n the
smoatrral node hence the desiynation “ectopre atriil” or “nodal” pace
maker

The normal ar nodil P waves myy be repliced by bizarre farms of
atrral actinaty known as ateal flutter or ibnllation In atnal fntter the
atrnl rate 15 about 200 to 300 beits per minute the comple tes are regular
and trrangular an shape n leads 11 and I but barely visible in lead 1
{1y, 49) The flutter w1 ¢s are continuous and may be followed through
the QRS complexes Atnal fibnllation 1s the severest disturbance of atrnl
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Figure 49 Atdal flutter \ote the regular tnangular shaped compleses 1o Jeads 1
and I with almost no visshle atrtal activaty in lead ©

Table 6 Moumal P R Intervals in Seconds at Different Age Leveh and Varpng
Heart Rates

Age Raie
~ 7 71 90 ’ 1 110 ) 111 130 } 131 150 ] > 150
<1 mo l } l on on ou { o
1 9 mos t 014 013 212 i 011
10 24 mor | { "o | o1 014 { 0t
S5y ) 3 016 | 018 | o 013 i
613 yrs o1 | o1 | ats | o16 | i

From M M Al murung and B F Massell The Normal P R faterval o Infants and
Chid en C culaton 77257 1956

wtisity his a rate of more than 350 beats per minute and 1s completely
mregular (Fi, 50}

The PR Interval  This should be mensured from the begmning of
the QRS complex prefesably where a clear-cut Q wave 1s vinble Careful
study of a large number of electrocardiograms 1n adults @ tesulted
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Tigure 50 Atnal fibnllation Note the wregularly spaced QRS completes the

absence of well defined atmal activity in lexd I and shight coarse fibrillary waves
leads IT and T
the concept that the longest P R interval found in ay limb lead should
be taken as the correct value for atrioventneular conduction time

When determining the P R nterval n cluldren both the rate and
the age have to be considered (Table 6) whereas m the adult only the
rate h1s to be taken into considerttion By and large the P R interval
decreases with rate and ncreases with age However the incretse n
PR inten1l 1n older children 15 greater than one would expect from
the slowing of the pulse rate alone

Unusually short P R snterials {Jess than 010 second) may be seen
(1) tn infants less than one vear of age (2) if the pacemaker 1s not the
sinoatrial node or (3) f the atrioventnicular conduction 1s through an
aberrant short pathway (Wolff Parkinson White svndrome)?™ (Fig, 51)
Prolongcd P R mtervals my be seen i active curditis but are not diag
nostic of that disorder Permanently prolonged P R intervals may be
congemitll (wath or wathout congenmita] heart disease) or may be the
comsequence of pist rheumatic snfection without 1mplying theumtic
activity at afl

Regularly vamble PR intenals may be scen mn the so-called
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Frgure 51  Wolff Parhinson Wiite syndrome Note the short P R interval and the
wide QRS complex with T waves 1n a direction opposite to the main QRS complex
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Figure 52 Wenckebach phenomenon Note that the second P wave in the tracing
15 not foltowed by a QKS complex The ¥hud and fourth B waves are followed by
QRS compleves but the P R interval gradually lengthens 1nd the fifth P wave 15 agam
completely blocked

Wenckebach phenomenon® {Fig 52) and 1n interference with dissocia
ton (Fig 53) Completely irregular P R ntervals mean complete atrio
ventricular block (Fig 54)

The QRS Complex The first downward wwve beyond the P wave
has been designated as the q wave The first positve deflection beyond
the atnal wave 1s called R and the negative potential following the first
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Figure 53 Interference and dissociation Note the regularly spaced P waves and
the regularly spaced QRS complex The ventncles are beating somewhat faster
than the atriz thus the P R interval consistently shortens When the P wave falls
behind the QRS complex this stimulites a second QRS complet immedhately thereafter
In the top row the P R interval shortens progresstvely from the third P wave through
the fourth and the fifth The sisth P wave occurs after the QRS complex and the next
QRS complex comes at a short P R interval after the seventh P ware
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Figure 54 Complete atrioventricular block Note that the atnal rate 1s consider
ablv faster than the ventrscular rate This is fn marked contrast with the Interference
dissociation Also note the lack of consistency in the relitionship between P and QRS
compleses
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B ware 1s called S The term “QS” has been comed for the monophasie
negative QRS complex There may be more than one It or S wave wathin
one ventnicular complex These are desygnated as R or R and S or S

therr relatn e sizes my be indicated by using capital Jetters for the larger
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Table 7 Maximsl ORS Voliage In the Chest Leads’
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deflections and small letters for the smaller ones This type of detailed
description 15 usually used only 1n umpolar leads

The QRS complex 15 the depolarization wave of the ventnicles Nor
mally 1ts duration 1s less than 010 second the average duration increases
only shightly with age (0085 second at twenty four hours to 0075
second at twelve years of age) *° and 15 influenced relatively litle by
rate A QRS complex of 010 to 012 second n duration 1s called incom
plete bundle branch block a duration of more than 012 second 1s
complete bundle branch block The measurement should be made 1n
lead II or 1 one of the chest leads and should be started with the onset
of the Q wave and termimated where the electrocardiogram Iine return
g from § toward the hase line suddenly thickens The longest QRS 1
a tracing should be measured

The q wave has no particular sigmficance 1n pediatries Its vital
role in the diagnosis of myocardial infarction 1n adults 1s well known
It 1s not commonly found i lead I but 1s frequently present in leads
1T I aVe and Vs and V, A q followed by R 1s never found normally
m Vin or Vy a QS n the nght chest leads on the other hand 1s not
especially uncommon 1n healthy children Occasionally 1n cases of nght
ventricular hypertrophy a qB s present in V; close nspection and
speaial techmques often show this deflection to be not a q but i fact
an s wave The durition and the size of the g wave are of no particular
importance 1 children 1n adults the size should always be less than
25 per cent of the amphtude of the succeeding R wave

The R wave 1s the major positive deflection m the electrocardio
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Figure 55 Left bundle branch block Note tall and wide R; deep and wide 83 and
absence of Q in Vs
gram It 15 usualh tallest m the standard Imb leads 1n 2V and m
V or Vs Certun arbitrary himits of the normal R wave based on the
statistical anahvses of Irge numbers of tricings have been drawn
up® 33 314 913 360 These figures have been useful n dragnosmg ven
triculhr hypertrophy but 1t 1s to be remembered that all such hmuts are
pureh arbitran and they cannot with certunty determuine whether
or not any mdnidunl deflection 1s of normal amphtude They can sndr
cate only whether 1t 1s Iikels to be normal or not With these resersations
n mnd the maamal QRS waves 1 our study of the chest Jeads of 521
pormal infants and cildren are reproduced m Table 7
The caleulition of the mean dectnerl axus on the basis of the
maumal R waves 1n the standard Iimb leads and the determunation of
the clcetrieal position of the hicart based on the pittern of the umipolwr
Limb Ieads hrve been discussed before (p 50)
One other measurement of the R wave deserves mention This 1s
the so called mtnnsicord deflection designated as “ventneulr actnation
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Figure 56 Fught bundle branch black Note deep and wide § in lead I and tall and
wide R lead 11 sphirtesed upnght Vy and deep $ Vo This pattent abso has atnal
fibnllaton as noted i lead V3

time” {VAT) This s calculated as the time mterval between the begn
ming of the g wave and the peak of the fatest B wave (Ror R} mn any
one lead On the basis of certamn th 7 the + H
actiation time 15 thought to be a measure of the thickness of the portion
of the ventncular wall underlying the particnlar umpolar lead where
it 15 bemg caleulated The normal ventricular actnation tme for the
nght sentncle s Jess than 003 second for the left ventncle less than
B4 secand

The shape of the R wave gnes information about the wtraven
tnicular conduction notching or slumng of the R waves means mtra
ventricular conduction disturbance Fime notching may not necessanly
be abnormal coarse notchings are almost smanably pathologie Bizarre
and wide (rmore than 0 12 second) QRS complexes are seen with com
plete bundle branch block In the standard kmb leads of left bundle
branch block {Fig. 53) Ieft axis deviation 1s present and Ry 1s tall and
Jate and ly followed by a sharply rted T ware In contrast
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Figure §”  Incomplete nght bundle branch block Note the splintered R 1n lead T
Vi nn;l tead 1 This pttent aho had sight ventnicular hypertrophy s exemplified by
thetal Rin 'V

1 nght bundle branch block nght axis devittion 15 seen §; 15 wide
and deep and T, 1s upnght (Fig 56) The QRS complexes of bundle
branch block are 1dentical with those of ventnicular premature betts or
ventricular tachycardia but the relation of the P wave to the QRS
complet 15 differint m the two conditons There 35 o fixed ~nd vegulr
P QRS relationship i bundle branch block whercas ventnicular pre
mature beats or ventricular tachycardia 1s completely independent of
atnial achivity

The appearance of secondary R waves (R or R ) i the chest leads
with or without QRS prolongation 1s indicative of mcomplete bundle
branch block As has been mentioned a QRS complex of supraven
trrcular ongin with a duration of 010 to 0 12 second mndicates incomplcte
bundle branch block irrespective of its configuration If the d.
R 15 noted 1n the night chest Jeads mcomplete night bundle branch black
1s present (Fig 57) af 1t is found in Veq 1t meuns complete Jeft
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Figure 58 Potassium mtoucation with tall tent shaped T leads I and 11

bundle branch block 3% Incomplete nght bundle branch block especially
swith small secondary R waves 1s present mn a high percentage of per
fectly normal infants and 1n some children

The S wave 1s usually deepest 1n leads T aVg and V;  Arbatrary
limits of the tvpe mentioned 1n respect to R waves have also been drawn
up for S waves in the chest leads (Table 6) Normal Limuts of Sy plus
Ry, have also been caleulated # 315 Wide S, and Sy _s are charactenstic
of complete or mcomplete nght bundle branch block Conversely wide
S; and Sy 2 are seen with left bundle branch block Deep S, indicates
nght axis deviation

The RS T Segment  The RS T segment 1s the interval between the
end of the QRS complex and the beginming of the T wave In most
wstances 1t 35 difficult to separate it clearly from the T wave proper
since they are both part of the same process of repolanzation The
duration of the RS T segment 1s almost impossible to deterrmne Under
ordmary circumstances 1t 1s at the level of the T P segment depressions
or elevations of 15 mm or more are probably pathologic and ndicate
myocardial 1schemia or digitalis effect Marked prolongation of the ST
segment 1 1 bal fically hypocal

The T Wave The T wave the terminal portion of ventnicular
achvity 1s always positive 1n lead I Negatne T suggests mvocard al
damage negatine Tg1s within normal Iimits Inverted Ty suggests esther
dextrocardia or severe myocardial impairment (1scherma electrolyte dis
turbance and so forth) T in aVy 1s always mverted T m aVy, or aVy
1s vanable Ty g 15 always upright i normal persons except dunng the
first few hours of life In contrast inverted Ty, 3 1s normal mn infants and
children beyond the first week of hife

Tent shaped petked T waves are charactenistic of potassium mn
toucation (Fig 58)

The QT Interval The Q T interval 1s the measure of total elec
trical systole of the ventnicles (Fig 89) Its duration 1s dependent much
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Figure 53 Calculation of the corrected Q T interval from the actual Q@ T measure
mtilnt)nnd the cycle lengths in scconds (From Aluurung Joseph Craig and Mas
sell 7

Iike that of the PR interval on age and rate Much controsersy sur
rounds the and the fi of the Q T wmtenval 7 3%°
Com I atas d from the beg g of the QRS complex
ta the end of the T wave Lepeschhin®™ conclusnely proved that m a
certuin number of cases the measurement thus performed imvolves the
U wate 15 well In any determunation of the Q T iaterval the averages
of at least three complexes obtamed from three different leads, should
be meisured The figure thus obtamed should then be compared with
the table of expected normals for age nd rite® Ahmurnng and Ius

Ty
assocrates 7 usmg Bazetts formula (U = -227 constructed a useful

graph for the determination of the normal Q T mtenal in any gnen
eycle length i children this graph includes 1 mean cune nd cunves
to twice the standard deviation the Iatter including 956 per cent of the
normals (Fig 59) Prolonged Q T interval 1s present 1n 1 certua number
of cases of carditn™ and win some mstances of electrolyte 1mbalance
(potassium or calaum depletion) Shortened Q T mterval may be the
result of digitalts admimistration  According to Taran 1t also occurs as
the consequence of pencarditis 3%

The U Wase The U wase 1s mentioned only for the sike of
completeness Its practical importance 1s not koown The U wave 1s a
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broad low wave discermble an the standard Iimb leads of about half
of the normal electrocardiogrms It may be promment if the cardiac
output 15 high or if the patient 1s under the nfluence of drugs (msulin
digitalis) or 1t may accompany changes i cell chemustry (potassium
calelum)

Norstar Uniporar Precorpiar AND ExTrrviry LEaps IV INFANTS AND
CinLoReN

‘The normal adult left ventricle 1s thicker than the nght ventnicle
This anatomie difference 1s probably the consequence of the pressure
differences between the systemtc and pulmonary circmts As a result of
these anatome and physiologic facts the normal adult electrocardiogram
1s characterized by left ventnicular dominance This may best be seen m
the unipolar chest leads where 1s mentioned before the typical pattern
aver the nght ventricle 15 18 whereas the left ventnicular leads show
qR or Rs wave (Table 4 Fig 40) This 1s referred to as normal adult
R/S progression from V¢

In contmst to that of the adult the clrculahon of the newborn wmfant
1s ch 1zed by and physiol of the nght
ventricle These facts are clearly mirrored m the umpolar chest leads
where distinet differences between mnfants and adults are noted As
expected the untpolar chest leads of the newborn infant show nght
sentricular dominance or hypertrophy namely nght chest leads Vir
to V show a dommant R wave (Rs) m all mnstances ® The left chest
leads show a dommant S (xrS) a complete reversal of the adult R/S
progression 1n 50 per cent of the cases The differences between the
unipolar chest leads of adults and infants are shown m Figure 60 The
probable spread of the impulse 1n the heart of a newborn chuld 1s demon
strited 1n Figure 61

Between these two extremes the heart of the newborn mfant and
the heart of the adult the rest of mfancy nd childhood represents a
transitional penod from nght ventncular to left ventricular dominance
All that one may state with certamty 1s that the umpolar chest leads of
normal newborn infants should represent nght ventncular dommance
and those of adults left ventricular dommance Whether any particular
pattern between thesc two periods of life 1s normal or not can be ex
pressed ooly 1o terms of probabiliy The progression from the newbom
to the 2dult pattern 1s seen m Figure 62 m which the algebraic sum of
R and S waves 1n V1 15 pictured It may be seen that the sum 1s a positive
one at buth (representing a dommance of R) and gradually becomes a
siguificantly negative one {dominance of §) at thirteen years of age

Lepeschhin * stated the problem n another way by saving “The
ratio of R to S over the nght ventricle the degree of nght axis devittion

and the thickness of nght ventricular wall 1n percentage of left show an
almost 1dentical course during growth”
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NORMAL ADULT ELECTROCARDIOGRAM EXH(BITING PHYSIOLOGICAL
LEFT VENTRICULAR DOMINANCE

R N e =

NORMAL INFANT ELECTROCARDIOGRAM EXHIBITING RIGHT
VENTRICULAR HYPERTROPHY (VERTICAL HEART)

Figure 60 Sch of diff m the umpolar leads of adults
with vertical and honizontal hearts and child with vertcal heart Note the dominant
R mn Vy mn the lowest tracing with deep S V¢ 1n the same tracing Alo note the tall R
in aV w in this infant tracing Compare with the deep S 1n 2V in both the adult tracings
as well as the deep S1n Vy and the tall Rin Vg

-JL avt
ﬁ o
v\ v! VB,
R
rsg' RS
oVF
qR

Figure 61 Demonstrition of the normal unipolar leads in a newborn infant
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R S IN V, FROM BIRTH TO 13 YEARS
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Figure 62 Tie algebraiec sum of R and S waves m lead ¥y from birth to 13 years
(From Akmurung Joseph Nadas and Massell 7)

A more detuled approach to the same problem 15 presented in
Table 8 m which 531 infants and children are divided mto four age
groups and ace analyzed according to the pattern of V) 1 thesr umpolar
chest leads It may be scen that whereas 89 per cent of group [ show
a dominant R 97 5 per cent of group 4 show a dommant §

The T wases in the nght chest leads are upnight dunng the first
day of Ife 1n at least 75 per cent of normal infants Tye on the other
hand 15 1nverted in about 50 per cent of infants within the first twenty
four hours of hfe After the first few days mverted T waves 13 the nght

Table 8 QRS Potterns w V11 521 Infants and Children

Ceaup 1 0-9 3os Group Il 35 Yrs
100 Case 124 Cases
R 2 R [
Ra 70)"z 2% " ao ®°) | Rs 13
R>S 17 R>S 10
R=b 9o g s; uI
R<S 7 <8 4 vy § 101 81 4%5)
B 4 5 43] & 02 &
Group n w Mos ~2¥rs Group IV 6~13 Yrs
109 Gases
R R 0
Re 76 (77%) Rs 3
R>S R>S§8 2
R=S ) ESS 15
<§ 1o < 194077 507
] o ® m} 179 (89 959, )
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chest leads and upright T waves in the left chest Jeads are the rule with
practically no exceptions In infants T wave mversion may extend through
V -2 whereas m older children 1t 1s restricted to V; and only occasion
ally extends to V,

The P waves show almost no change throughout infancy and child
hood Thev are almost alwavs mverted or diphasic 1 Vi and as 2
rule are upnght in Vs

The umpolar imb leads as discussed previously give valuable in
formation about the position of the heart Seventy five per cent of the
nfants Jess than nine months of age have vertical or semivertical hearts
This relationship changes but shghtly throughout childhood 66 per
cent of patients more than six years of age stll have vertical ar sem:
vertical hearts The honzontal position of the heart 1s rare in infants
less than nine months old

One other sigmficant feature of the young mfants heart 1s the tall
R wave encountered m lead 14V A domnant R 1s seen 1 28 per cent
of infants less than nme months old (1lmost exclusnely m those less than
two months old) and 1n only 25 per cent of patients more than six
vears old

Ventricuran HYPERTROPHY

Perhaps the most important use of electrocardiography mn pediatrics
1s for the determimation of the relative thickness of the two ventncles
and 1dentification of ventriculr hypertrophy

From what has been sud 1n the section on the umpolar chest leads
of wnfants and children 1t should be clear that 2 relatively thick nght
ventricle and thus nght ventnicular dommance 1s the rule in infants
Conversely a relatively thick left ventricle with left ventricular dom
nance 1s mvanably found in normal adults (Fig 60) It clearly follows
that 2 dommant left ventricle m an mnfant mdicates abnormal left ven
tncular hypertrophy and a dommant night ventnicle in an adult 1s proof
of pathologic mght wventricular hypertrophy Over and above these
qualitatne differences betw een infants and aduits quantitatnve esimates
of the degree of ventniculnr dominance may lead to the diagnosis of
left ventnculwr hypertrophy mn some 2dolls and of rght ventncular
hypertrophy 1n some nfants

The diagnosis of ventncular hypertrophy often rests on the height
of the QRS complexcs alone If one realizes however that the voltages
registered by amv of the comentional leads depend not only on the
thickness of the heart muscle but al<o on the thickness of the chest wall
and the distance of the heart from the electrode the mevitable fallacies
become clear Also onc has to bear in mmd the fact that “normal volt
ages” are bascd simph on mummums and maumums determined on
large but not mfinite number of patients Consequently a warming
should be sounded here to the effect that ventncular hypertrophy de
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Figure 63 Schematic representation of standard Lmb leads 1 pitients with Teft
ventncular hvpertrophy A Left aus deviation B Tall R 1n leads 1L and IIT

termmed on the basis of voltages alone 1s not an absolute certamnty It
simply means that 1t 1s unlikely—statistically mmprobable—that a normal
heart would gne nse to voltages beyond a certan magnitude but 1t 15
not impossible 1n any one case For this reason electrocardiographic
voltages should be regarded onlv agunst the background of other elec
trocardiographic and chmical cnitenia of heart disease and the diagnosis
of ventnicular hypertrophy should seldom 1f ever be based on voltages
alone

Left Ventricular Hypertrophy Stanparo Lnus Lzaps (Fig 63)
(@) Left axs deviation (tall R wave n lead I and deep S wave n lead
1IT) of more than —30 degrees indicates left ventricular hypertrophy 1
50 per cent of the cases Horizontal hearts however without evidence
of left ventricular hypertrophy may show sigmficant left axis deviation
as well (b) The heights of voltages m standard hmb leads are also
useful n the diagnosis of left ventricular hypertrophy If the sum of the
R waves 1 leads II and 11 1s more than 45 mm or 1f the sum of the R
wave 1 lead I and the $ wave m lead III 1s more than 30 mm the
presence of left ventncular hypertrophy should be suspected

Unreorar Livs Leaps (Fig 64) These are not pre eminently
useful 1n diagnosing left ventricular hypertrophy Only the voltages may
be utilized 1 these leads smce the shape of the complexes 1s strongly
mfluenced by changes in positron Left ventricular potentials reflected
m aVy, or aVy with R waves of 20 mm or more may mdicate left ven
tricular hypertrophy The mam deflection n aVe 15 always negitive m
left ventricular hypertrophy

Unteorar CuEst LeEaps (Fig 65) Umipolar chest leads 1n which
the effects of position are somewhat mimmized are better ndices of
ventricular hypertrophy than the Iimb leads (a) The height of R m
Vs_q and the depth of 5 m Vi may be used as critena of left ventricular
hypertrophy if they clearly fall outside the transitional zone if Vi
or Vg_q still show RS complexes then posttions further to the night or the
left must be used as the true potentials of the respective ventricles If
the sum of the R wave m Vs or Vg and the § wave m V; or V 15 more
than 45 mm one may be assured that left ventnicular hypertrophy
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Figure 64 Left ventnicular hypertrophy as pictured in the unipolar Iimb leads show
g deep $ 1 ala and tall R i alr preceded by 2 q

VI Vo v

. Vs Ve
Figure 65 Charactenstic umpolar chest leads in Ieft ventrcular hypertrophy
d

Note deep § Vyand vV and tall R V5 and Vg preceded by q and followed by in
verted T

i L
4~

Figure 66 Schematic representation of standard Iimb leads 1n nght ventncular hyper
trophy A Right aus deviation B Deep Sinkad I Iland 1T

eusts An Rwavemn V or Ve of more than 85 mm 1s 1 atself indicative
of left ventricular hyvpertrophy (5) An intrinsicord deflection 1n Vig of
more thin 0 04 second 15 clear evidence of left ventnicular hypertrophy
{c) Depressed ST and mverted T waves 1n V,z with or without 1n
creased voltages are conclusine evidence of left ventricular hypertrophy

Inomeer Eswoener  Indirect esidence of left sentneular fivper
trophy 1s furmished by left atnal hvpertrophy (Fig 47) (so-called P
mitrale} This 15 1 marked contrast to the findings 1n adults 1 whom
“P mutrale” most often denotes nght ventricular hvpertrophy secondary
to mutral stenosis In children severe orgamc mutral stenosis 1s rare thus
Jeft atnal hvpertrophs usually 1s the result of a faling hy pertrophied left
ventricle

In addition to these cnitena as emphasized before the finding of a
normal adult tvpe of electrocardiogram 1n a voung infant indicates left
ventrienlar hypertrophy
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Figure 67 Schiematic representation of nght ventrcular hypertrophy as evidenced 1
the umipalar hmb leads Note the tall Iite Rom ava

R
e e h ek
e e e g

Figure 68 Schematic representation of the dufferent types of nght ventricular hyper
tophy as pictured in the umpolar chest leads For details ser text

Right Ventricular Hypertrophy ~ Stanparo Lims Lravs (Fig 66)
() Right aus deviation (decp S wave mn Jead I and tall R wave i lead
111} of 4- 120 degrees or more 15 suggestive of nght ventnicular hyper
trophy with the nsual allowances to be given to positional changes
{b) A deep S wave 1t leads I II and III results i an indetermnate
axs but strongly suggests nght ventrienlw hypertraphy

Untpotar Livs Leaps (Fig 67) A dommant R or R m aVy s
charactensstic of night ventricular hypertrophy

UntpoLar Cuest Leans (Fig 68)  (a) The least certamn mdication
of night ventneular hypertrophy 1 the chest leads consists i marked
rotation of the heart resultmg 1n 15 or RS deflections from Vi to Vs (D)
An mcomplete nght bundie branch block pattern m nght chest leads
consisting, of rsR  probably mdicates nght ventnieular hypertrophy f
the R 15 more than 10 mm 1 height The natrrower the QRS complex
and the taller the R the more right ventricular hypertrophy 1s suggested
A late (more than 006 second) R of less than 10 mm 10 height prob
ably indhcates bundle branch block with not much of any rght ven
tricular hypertrophy (c) A tall unslured Ryi  with or withont a q
wave and with small if any 8 wwve unquestionably indicates night
ventneular hypertrophy (d) An mtnnsicord deflection of 008 or more
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Figure 69 Tvpical

m Vi« af not associated with bundle branch block 1s good evidence of
nght ventricular hypertrophy (e) Inverted T waves m nght sided chest
leads accompanied by depression of the § T segment n conjunction
with the other changes in the chest leads indicate severe hypertrophy
{ stram pattern”} There seems to be adequate correlation between the
severity of the hypertrophy and the extension of the T and S T changes
from V, toward Vg (f) Positve Trr in mfants beyond the first twenty
four hours of Iife suggests nght ventricular hypertropin

Inpmrecr Evibence  Indivect evidence of right ventriculr hyper
trophy 1s furmished by perked and tall P indicating night atnal hyper
trophy (P pulmonale”™) (Fig 46)

As emphasized beforc most of these changes m1y occur normally
m 1pfants but 1lmost never 1n normal adults The use of the tables 1n
the section on normal chest leads should serve as a guide in determining
the significance of these findings m older mfants or cluldren (Table 7

61}

v Certain findings even 1n the youngest infants ndicate night ven
tricular hypertrophy These are (1) the presence of 2 q wave mm V, or
Vi (2) m R wave m Vi or Vy of 20 mm or more without 1n S wive
and (8) ST 1nd T wave changes extending from Vg

The other evidences of right yentncular hypertrophy must be viewed
agamst the background of age and other electrocardiographic and
clintcal features

Combined Ventricular Hypertrophy (¥ig 69) Tius 1s usunlly
recagnized by one of the following modifications of the left ventnienlar
hypertrophy chest lead pattern (1) a domwnnt R wase n V,  (2)
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a shift of the transitional zone to the left extending often to V¢ with
out chviating the tall R of left ventricular hypertrophy but transferring
1t to Vy or Vg (8) presence of 1 deep $ m lead T or nght aus devrition
and (4) vertical position

A new concept of ventricular hypertrophy 15 promoted by the
Mevican School of Cardiology particularly by Cabrera In a senes of
papers Cabrern and his a $? proposed an ¢l diograph
diff ration between d flow work (d lic overloading) and
mcreased pressure work (systolic overloading) of the ventricles Systohc
overloading of the nght ventricle according to these authors 15 reflected
m the mcreasingly tall and late R waves with late changes in the ST
and T waves 1n the nght precordial leads Diastolic overloading of the
nght ventricle on the other hand mamfests itself in nght bundle branch
block Our expenence supports these views i regard to severe svstolic
and diastolic overlonding of the nght ventricle however we also find
that mild degrees of systohc overloading may ginve mse to mcomplete
nght bundle branch bloch In regard to overloading of the left ventnicle
I cannot completely support the views expressed by Cabrer: and his
associates I am unable to diagno e dinstohe overloading on the basis of
upnght T waves 1n left chest leads as suggested by these authors and
1 have observed mcreasing voltages of Ress and aVp with or without
changes 1n the S T and T waves 1n both systolic and diastolic overload
ing of the left ventricle

ARRHYTIMIAS

‘Under ordmary aircumstances the rate and rhythm of the heart beat
are determmed by the activity of the sinoatrial node The average heart
rate m resting adults 1s about 60 to 80 beats per mmute In infants it 15

bly ngher app: 1y 120 beats per minute 1n children 1t
15 somewhere between these two extremes in the neighborhood of 100
per minute

To deterrine the “normal rate of any persan especially a child
the sleeping pulse rate should be counted 1f a chuld 1s awake a number
of extraneous factors mfluence the heart rate to such an extent that it 1s
virtually impossible to obtam a true “resting value

Rhythms Ongmating m the Sinus Node These are charactenized
by a P waxe of normal and constant configuration and by o P B whersal
of at Ieast 0 10 second Exceptions to the latter pomt occur in infants less
than one yeir of 1ge and i patients with the \Wolff Parkinson White
syndrome 3¢°

Smus tachyeardin 15 a rapid regular heart rate ranging to a ma
mum of 180 to 200 beats per minute where the normal relationship
between atral and ventrcular compleves s preserved (Fig 70) The P
wave 1s almost always easily discermble although occasionally 1t may be
supertmposed on the preceding T wave Smus tachycardia mav be the
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Figure 70 Swinus tachycardia

Figure 71 Sinus bradycarda
Figure 72 Sinus arthythmia

result of physiologic condittons (excitement exercise) pathologic situ
ations not necessarily imvolving the heart (fever) and finally may be
the first exy of cardine emt {carditis congestive ful
ure) Reflex vagal stimulition (carotid sinus pressure) results only 1n 1
gradual decrease of the rate P waves previously superimposed on the
T wares may thus be clewly visible

Sinus bradycardha (Fig 71) with rates of less than 100 beats per
mmute 1n infants and less than 80 in children 1s usually an expresston
of good cardiac reserve Oceasionally however 1t m1y be seen in crses of
rheumatic carditis Exercise should ramise the rite in sinus bradycardia
with ease 1n contrast to the relatnely fived rate of complete atrioven
trcultr block

Sinus arrhsthmi (Fig 72) 1s 2 phasic rregulnty of the heart beat
speeding up with mspiration and slowmng with ¢xpirabon but mam
tuning the conventioni] P QRS relationship Much Iike sinus brady
cardia 1t may be n expression of good cardric function 1t 15 commonly
seen 1 older cluldren nd adolescents seldom 1n young chuldren and
almost never i nfants Slower rates predispose to it Sinus arrhy thrma
1s frequently prescnt during convalescence
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Figure ™4 Smo atrd block The second P wave i the tracmg 15 blocked nut followed
by 1 QRS complex Smilarly the fourth one 1s blocked as well

A wondenng prcemnber Fepresenting a gradml shaft thmugh
several cycles from the smoatninl to the atno Ir node s 1
in the electrocardtogram by a change from a normal upnght P wave
with an average P R mterval to an abnormal often mverted P wave with
a short even negatne P R anterval A shifting pacemaler 15 a sudden
yump from smus rhythm to nodal pacemaler (Fig 73) Once the atnio
ventrieular node & the p Ler the process reverses stself nd
the mmpulse formation gradually reverts to the smoatrial pode This
phenomenon 1s commonly seen in people without heart disease but it
does occur with rheumatic fever or digitalis intoucation

Smoatnal block and sinus armest are temporary suspensions of the
electrical actvity of the at through two or more cycles (Fig 74}
Smoatrial block 15 usually episodic and of relatrvely short duration the
sius pauses are maltiples of the normal sinus rhythm Smus arrest 15 of
longer duratton angd the length of the pauses bears ro mathematical
relation to the ongimal cvcle Jength Both conditions may be secondany
to mereased vagal tome o o drugs (digtals gquandine)

Rhythms Onigimnatng sn the Atriam or the Atrioventneular Node
These are called supraventricular rhythms In contrast to the sinus
thythms etther no P waves 7re noted or the atrial waves are unusual
1 contour nd are separated from !he QRb complev by less than 010
second With few the St of supra
shythms are of normal conBguration and are less than 010 second in
duration

The Jeast ficant of the sup Jar arthy thrnias 1s the supra
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Figure 71 Sinus bradyeardia
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result of physiologic conditions (excitement exercise) pathologic situ
ations not necessarily mvolvng the heart (fever) and finally may be
the first expression of cardiac embarrassment (carditis congestive fail
ure) Reflex vagal shmulition (carotid sinus pressure) results only in a
gradual decrease of the rate P waves previously superimposed on the
T waves m1y thus be clearly wvisible

Sius bradyeardia (Fig 71) with rates of less than 100 beats per
minute 1 mfants and Jess than 80 in children 15 usually an expression
of good cardiac reserve Occasionally however 1t may be seen in cases of
rheumatic carditts Exercise should raise the rate i smus bradycardia
with ease 1 contrast to the relatrvely fived rate of complete atrioven
trreular block

Sinus arrhythmin (Fig 72) s a phaste irregulanty of the heart beat
speeding up with mspirtion and slowing with expiration but maimn
tamung the conventional P QRS relattonship Much hke sinus brady
cardiz 1t may be an expression of good cardite function 1t 1s commonly
seen n older children and adolescents seldom m young children and
almost never m mfants Slower rates predispose to it Sinus arrhythmra
1s frequently present durmng convalescence
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Figure ™  Repettve mhycarl a Note the occurrence of ectop ¢ beats i short bursts

and then s ng larly

premature beats are common 1n healthy youngsters even m newborn
mfants d may hwe no sigmsficance whatsoever They may also accom
pany structural heart discasc but the dingnosis must rest on addibional
evidence Supraventricular premature beats are charactenzed by a less
than complete compensatory pause that 15 the length of two cycles
weloding one with the premature beat s less than the length of two
normal ¢ycles

A contmuous sertes of supraventrreular premature beats ranging
w duration from a fow scconds to several years s called parovysmal
atnal tachyearda {(Fig 76) This then represints a complete tem
posary ususpation of the function of the sinoatual node by an atral or
nodal preemaker The rate mav vary from 160 to 300 beats per mnnte
The onset as well as the termmation 1s sudden m most 1ostances The
rate 15 completely fived and unchinging within a fraction of a second
Reflex vagal stimulation esther results mn the re establishment of sinus
rhythm or has no effect at all P waves are seldom if ever seen T waves
are usually mverted if the tachyeard a has lasted for more than a day
Paroxysmal supraventnculir tachycardia often occurs m a child with
a normal heart nevertheless if 1t lasts long enough 3t may cause con
gostive fadlure and even death Obuviously this 1s even more bkely to
happen of the patiunt has underlying heart disease

A bebeen p i atral tachycardia and supraven
tricular premature beat 1s the so called repetitive tachyciudia
which short bursts of paroxysmal tachycard wath single pre
mature beats from the same focus (Tig 77) This 15 usually seen
young people and mfants with otf erwise normal hearts

One of the severest suprnventnicular arrhythmias 1s atrial al Rutter
The atria here arc in contmuous resular actnaty ringmng from 200 to
350 beats per mumte The ventucles respond with normal QRS com
pleses 1 a segultr fxshion (11 to 1 4 ratio) 4t regular rates of 140 to
180 beats pur mimute Charetensticlly m lead T the flutter waves can
barcdy be noted v hereis 1 leads Il and 1T they clearly appear m
tnangular form (Figs 49 "8) Thisis 1 sovere arrhythmi and almost
alvays means organic heart disease specially r} eumatic carditis Occa
sionilly it may be encountered i chuldren with congenital heart disease
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Figure 79 Parovysmal tachycardia with block Note the moderately fast atmal

rate with a prolonged P R interval and an owcasiomilly blocked atnal wave such
asno 6

or subendocardial sclerosts and 1t m1y even occur 1n normal hearts as
parovismal supraventricular tachycardia The effect of atnal flutter on
the airculation as a whole depends on the ventnicular rate As long as the
ventricles do not respond to more than one third of the atrial impulses
there usually 1s Iittle difficulty If the ventricular response 1s 1 2 or even
11 congestine fulure will ensue Reflex vagal simulation can increase
the atnoventnicular block and reduce the ratio of ventricular response
from 12to 13 or even 14 often this 1s the only way by which clear
flutter waves unobstructed by QRS complexes can be identified

An arrhythmin encompassing certamn features of atrnl flutter and
certan charactenstics of suprasentricular tachycardia 1s the onc called
paroxysmal atnal tachycardia with block (Fig 79) 3 In this arrhythrmia
the atma beat at a moderately fast rate 140 to 180 beats per minute
and the sentuicles respond wregularly n 11 to 13 fashion The PR
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Figure 80  Atnal fibr llat on

interval 1s unnsually Jong (014 to 020 second) and an occasional P
wave 1s completely blocked
The severest type of supraventncular arthythma 1s atnal fibnlla
tion (Figs 50 80) This 1s a continuous wregular activity of the atna at
rates of 400 to 700 beats per minute The atrial activity may mamfest itself
electrocardiographically only as a mmor irregulanty of the base line
s0 called fibnllary wave at other times the atnal waves are coarse and
relatively slower closely resembling flutter waves These vanous types
of fibnllatory activities may be scen at dilferent times in one and the
same tracing The ventncles respond mregularlv but at a much reduced
rate (110 to 150 beats per mmnute) Both the atrial and the ventncular
beats are totally iregular Atnal fbnllaton for practical purposes
always means severe orgamc heart disease It 1s most common 1n rheu
matic heart disease but can be seen m congemtal heart disease espe
cially atnal septal defect Ebsteins disease or tncuspid atresia The
effect of atnal fibnillation on the circulation depends for the most part
on the ventricular rate If this s relatively slow atnal fibrilation may
be tolerated for a long tme without symptoms On the other hand
unusually fast ventnicular responses often lead to catistrophe That atrial
fibnllation even with a slow ventricular rate does not result in optimal
arculatory dynamies 1s demonstrated bv the fact that conversion of
these slowly beating, fibnllatory rhythms to normal sinus rhythm with
the same ventricular rate 15 accompanted by great subjectine improve
ment of the patient Reflex vagal stmulition 1if effective at all results in
gradual slowing of the ventnicular rate
Rhythms Originating in the Ventricle These rhythms are charac
tenzed by a lack of correlation between atnal and ventricular compleves
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Figure 81 Ventncular premature beats lead I A Ongin of the premat e beat
m the left ventncle B in the right ventnele

Fuure 82 Bigemuny

beats

The P waves are normal m shiape The ventricular compleves on the
other hand are bizarre m configuration and measure 010 second or
more the QRS and T waves often pont 1n opposite directions Lead I
psuallh gives the clue as to whether the ventriculir complex ongmates
from a focus m the night or the left ventricle (g 81) Right ventricular
beats resemble left bundle branch block complexes and have 2 domnant
R 1n lead I whereas left ventricular beats simiar to nght bundle branch
block show a deep Sy

Ventricular premature beats are the most mnnocuous among the
ventncular arthythmias Their sigmificance 1 pedhatrics 1s only shghtly
greater than that of supraventneular premature beats They may oceur
in perfectly normal youngsters on the other hand they may indicate
cardiis anoun or digitalis or quumdine intovication Ventnicular pre
mature beats alternatng with normal beats so called bigemmny (Fig
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Frre 81 Busst of ventnenlar tachycardn after tna bem with normal simus
thythm  After the tachycardin the smus thythm recurs and then 15 followed by
another premature beat

82) are especally ch nhic of digh The of mults
focal multiple shaped sentnicular premature beats has a more senous
significance. than if the shape of the extrasystoles 1s always the same
within one lead The charactenstic feature of sentmcular premature
beats m addition to ther shape and thewr Jack of tune correlation with
atrial activity s the fact that they ar followed by 2 full compensatory
pause This means that the Jength of two cveles ncluding one premature
beat 15 the exact length of two normal eycles

A serses of ventncular premature beats at a rate of 190 to 180 per
minute 3 lar tachveardia {(Fig 53} This phenomenon
is rare w <hildren so much so that when 1t does seem to oceur sus
peton 1s smmediately aroused as to whether 1t really represents ven
tricular tachveardia or supraventneular tachycardia with aberrant
mtraventnicular conduction

The duferentiabon between thewe two conditions 1s sometimes
diffienlt but usually 15 passible on the bass of the followsng pomts {1}
Supray dar tachycardia 15 anfl d by reflex vagal stmulation
{carotid sinus or smus of Valsalva) ventricular tachyeardia 1s not (2)
The P waves i supraventnicular tachycardia always show some regu
lanty i relation to the QRS complex whereas no such connection exssts
wt true ventricular tachycardia (8) The rates of the P and QRS com
plexes are simjar m supraventneular tachycardia whereas they are
totally different n venineular tachvearda (4) The rate of supraven
tnicular tachy cardia 1s characterszed by a clocklike regulanty not present
i true ventricular tachycardia

"The dangers of ventricular tachycardia are twofold It mav result m
congestive fatlure of the rate is rapd enough and Jasts long enough or
it may progress into v lar Butter or fball The latter
1s not compatible with effective cardhac output thus »f results in sudden
death Becawse of ths pmslblhty of conersion mto ventricular fuster
or fbrill: parory sl I1 15 regarded much more
senously than is piroxysmal supraventneular tachycardia

Ventricular flutter and fibnllaton are terminal events :md recovery
from them 1 rclatively rare They rep the
substrate of sudden death The completes are broad sturred and
notched and the T waves are fused wath the QRS complexes The
amphtude varies tremendowsly withm one stip Many more tracmgs of
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Fignre 84 A Ventnenlar tachycardia gnang nise m (B) to ventncular futter and
in {C) to ventnculir fbnllation These are consecutnve stnps of a patient who died
after cardsac surgery

this sort have been obtamned during cardiac operations within the past
ten years than were scen in the entire previous history of electrocardh
ography (Fig 84)

Errects oF Cuerircat CHANGES AND Dirucs oV THE ELECTROCARDIOGRAN

Potassium  The effect of potasstum (Fig 85) on the electrocards
ogram has been amphy documented both 1n amimal experimentation and
1 man 3 1 Whether the electrocardiogram 1s principally mfluenced by
the pottssium level in the serum or within the myocardium atself 1s the
subject of considerable argument It seems however that the pro
ponents of the cellular theory have made a better case

Potassium mtoxiettron has been produced m amimals by infusion or
ingestion of large amounts of potassium salts In man potassium poison
ing 15 encountered n the later stages of urema leuhemia and lower
nephron nephrosis and after treatment with excessne amounts of potas
sium The heart rate usually slows and the P waves become progressiely
wider and finlly disappear wiile the P R mierval gradually increases
The QRS complex undergoces changes consisting 1n widening 1nd dimnu
tion of the R waves nd increase of the S waves The T waves become
taller and tent shaped and eventually surpass the R wave m height
(Fig 58) No defimte corrclabion evists between serum potassium level
and electrocardiographic changes beyond the observation that changes
are rarely mssed of the serum potassium level 1s 7mEq per liter or more
unless the level of sodium 1n the blood 1s unusually Jow
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Figure 85 Schematic representation of the chang 5 1n P QRS T complex n conjune
tiom with potassiam levels {From Dactow, D © New Engluad ] Med Vol 242}

ABSENT §

Potassiam depletion seen 1t man m postoperatve alkalosss diabetic
coma long standing diarrhea and vomstin,, also causes typeal changes
{Fig 86) consisting in a profongation of the Q T mterval with widening
of the T waves and occasional depressian of the 8 T segment

Calarum  Calewm depletion particularly 1n cases of tetany alsa
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Figure 87 Calar m deplet on

ciuses prolongttion of the Q T interval (Fig 87) * 1 In contrast to
potassium depletion however the lengthenng of the electrical svstole
1s caused by a prolongation of the S T segment rather than by a widenng
of the T wne the T wave in hvpocalcemia 1s relatrvely normal perhaps
shghtly narrow The tetanc contriction of the stnated muscle 1s reflected
1 the somatic tremor noted on the hmb leads

A Iigh level of serum caleium hypercal may cause d
wntability of the heart with premature beits even paroxysmal \entricu
lar tachycardia % It 1s also sad to shorten the Q T mtenval

Digitabs  The electrocirdiogram may be used to determne
whether fi of digitabs have been gnven to a patient
and with some qualifications whether tox aity 1s present The electro
cardiogram cannot answer the question Has the patient been fully
digttalized® Whether or not full digitabzation has been achieved 15 2
question for the clmician to decide the electrocrdiogram only helps to
determine whether there 1s some or too much dig tahs in the heart
muscle

The digatalis ghcoside 1n doses commonly given does not influence
the shape of P waves However the development of prolonged atrio
ventrieular conduction time or sinoatnal block may be considered a sign
of digitovicaty (Fig 88) There are no sigmficant changes m the QRS
complex with doses usually gnen i man Changes m the S T segment
are tively by ck the ventrnicular gradient ST
segments hitherto 1soelectric or elevated nre depressed and those that
have been depressed re rused by the drug (Fig 89) The § T changes
are most obvious i leads wath 2 tall R wave and consist m a straight
angular “step down” appearance of the S T segment S T changes caused
by digitabs admmstration often cannot be distinguished from those
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Frure 89 Consecutise datly tracings in pabents wath d gitoaoity The top tricng
shows normal simus rhythm The second tracug shows prolonged P R imtersal The
third tracing shows changing pacemaker and the fourth one show _a retom of ths
changimy, pacemaker to sine s thythm with {rogressnely prolonged P R interval

SR

Fioure 83 Typwal 8 T depression m pat ent with diptal 3 intoucation

resultmg from myocardial dimage however the straightness and the
angulanty of the depression without any comvewty favor o digstabs
effect Digitas affects the T waves m much the same way 1t affects the
ST segments postive T waves become iverted and negatve T waves
became upnght A shortenung, of the QT interval 10 mv expersence 15
the most consistent effcet of dymtabs on the electrocardogram
One of the eathest and most favorable results of digitals adaums

tration 1s a slowing of the heart rate seldom if ever does one see a

87
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Tigure 90 The effect of quimdine on the electrocarhogram A Norm1l sinus rhythm
B Nodal rhythm with widening of the QRS complex

favorible digtalss effect wathout a significant drop 1n rate This probably
represents iereased vagotonta and develops as a result of smus depres
ston 1n cases of sinus thvthm 2nd because of mcreising atrioventricular
block 1n cases of atnal flutter or fibnllation Undue slowing of the rite
to less than 100 beats per mmute in nfants and less than 80 m older
children s presumptive evidence of digitoxiaity

The development of arrhvthmits m most mstances 1s evidence of
dig y the one e 1s the appearmce of 1 sinus arrhy thma
which may simply be the concomitant of the slower rate and mereased
vagotonia On the whole digitalis mtoxication results more commonly 1
atral arthythmews m children than m adults 1n whom ventriculr
arrhythmiis seem to dommnate the picture Ectopic atnal pacemakers
and parosysmal trid tichscardias with block are seen relatnvely fre
quently s a first expression of digitovicity  Atrral flutter and fbnllation
may also be seen lthough much Jess ly and they rep 1
much more serious degree of intovication Ventncular arrhythmas are
not seen frequently i children Ventncular premature beats if present
are prone to develop m forms of bigeminy

If a patient 1s recern,, digitalis and an arrhyth {evelops the
burden of the proof 1s on the physician who mamntams that the change
wn rhythm whatever tts nature was not cawsed by digitals The diffi
culttes resulting from this statement are obvious sometimes it m1y be
extremely hard to decide whether 1 patient has received too much or
too httle digttahs The only reasonable approach to this problem 1s to
try to withhold the drug for a few davs of possible and to observe the
trend of the changes If the patient 1s i severe congestive failure so
that withholding the glycoside appears dang then ad ration
of small frequent doses of a rapidly excreted form of digrtalis 1s recom
mended with electroeardiographie control !
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Figure 31 Th cffect of qunidise on the I R mterval This 13 2 schematic presenta
won of the chanpes (From 3 Merhes & § Mady and A Linenthal )

The tune relationship of digatalis dmtmstration on the electrocards
ogram must be mentioned buelly In my evperience the evhest effects
ate the shortemng of the Q T mterval and the changes m the T waves
The xapudity of the changes and thor duration depend a great deaf
or the preparation uscd Dhgitalis even i relativedy darpe doses affects
wormal hearts & mnor fashion only of at alf
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Quimdine  The effects of quimidine on the electrocardiogram con
sist in slowing of the picemaker and widenmg of the QRS complex the
Q T mterval and the T waves (Fig 90)

It has been my practice to consider a widening of the QRS complex
by more than 50 per cent as evidence of definite tovieity Other toxic
effects 1nclude the appearance of multifocal ventricular premature beats
and prolongtion of the P R mtenval (Fig 91)

Electrocardiographic changes after 1 single oral dose of quimidine
appear to be maximal in about one hour and they practically disappear
1 a matter of four hours

Pronestyl The cffects of procunc amide are essentially stmilar to
those seen with quimdine admmustration  doses causing a 50 per cenl
prolongation of the QRS plex are lered toxic O
supraventricular premature beats with aberrant conduction ventnicular
tachycardin 1nd even venirrcular flutter have been seen as a result of
Pronestyl toxicaty

PericanprTis
The electrocrrdiographic features noted in patients with pericar
citis may be the result of two factors One 1s pericardil fluid accumula
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Froaes S Frogresae chanees m the esctrocndogmen of a patwe. mid penden
pernanding, \ e the avarince of Geen ST and T wave miersoes 3 cvpaderahe
eond 2P permarey ey and eexal ure of the patvrt \ets the muded ST
eweva wa before cperaton.

ton, or thek seam v, (comstnetne pencardias) which resuls 1 low
volages throughout all kads (Frg 92) Thos feature » neither distines
e nez com tant 1t be seen in other mstances of fuxd accunulaten
sueh as Qe } fural effuven of nephrosiy and it may not be present m
severe ard advanced cases of pencardita.

The second bpe of chan.e—resultin ., from subep cardial mvocardial
damage—n more con tant aed rore characterntic It constts m a cone
cave elevatin of the ST secnents and T waves throuchout all leads, at
frt Later the ST segments retumn toward normal and the T waves
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Qumdine  The effects of quumdine on the electrocardiogram con
sist 1n slowing of the pacemiker and widening of the QRS complex the
Q T iterval and the T waves (Fig 90)

It has been my practice to consider a widening of the QRS complev
by more thin 50 per cent as evidence of defimite touicity Other touc
effects include the appearance of multifocal ventniculir premature beats
and prolongation of the P R interval (Fig 91)

Electrocardiographic changes after 1 single oral dose of quinidime
appear to be maximal 1n 2bout one hour and they practically disappear
m a matter of four hours

Pronestyl The effects of procaine amide are essentinlly similr to
those seen with quimdine administration  doses causing 1 50 per cent
prolongation of the QRS complex are considered toxic Occastonally
supray entricular premature beats with aberrant conduction ventnicular
tachyeardia and even ventricular flutter have been seen as 4 result of
Pronesty] toaierty
Pemearnms

The electrocardiographic features noted in patients with pencar
ditis may be the result of two factors One 1s penicardiil flurd accumula
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Figure 93 P changes 1n the el

of a patient with purulent
inversions a considerable
nt Note the marked ST

vencarditis Note the appearance of deep S T and T ware
penod after pencardiotomy and clintcal cure of the patie
elevation before operation

tion or thick scarning (constrictive pencard
voltages throughout all leads (Fig 92) This feature 1s nether disting
tive nor constant 1t may be seen 1n other instances of flmd accumulation
such as the pleural effusion of nephrosis and 1t may not be present 1n
severe and advanced cases of pericarditis

The second type of chan,

tis) which results 1n low

ge—resulting from subeprcardial myocardial
nd more charactenstie It consists 1n a con
gments and T waves throughout all leads at

first Later the ST segments return toward normal and the T waves
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become negative Funally sharp mversion of the T waves 15 present with
perfectly norml S T segments (Fig 93) The time relttionship of these
changes 15 mteresting The S T elevation occurs early usually withm a
weck of the appearance of a friction rub The shwrp T wave mversion
occurs late (three to four weeks after the onset of the disease) often
at a time when all chmenl evidences of pericrditis have disappenred
Severe T wnve changes may persist one to two months after complete
chimeal recovery has tiken place Thus durmg the time of the most
severe chmeal changes the electrocardiogram myy be perfectly normal
the ST segments have alretdy refurned to normal and the T wae
myersions have not yet become sigmficant

A differentia] pomnt of almost no importance in pediitries should
be mentioned briefly The S T and T wave changes of pencarditis are
simlr to those seen 1 myocardral mfarction with two exceptions (1)
The changes observed i pericarditis are not usually locahized to any
one area in the chest leads (2) In pencarditis the changes n the ST
segment are usually absent by the time nverston of the T waves occurs,
whereas 1n myocardial infarction the two changes are more or less
<ynchronous

P wave changes of the “P mitrale” type are commonly seen 1n con
strictive penicarditis



CHAPTER 4
Phonocardiography

USE AND EQUIPMENT

In view of the emph placed on ltation 1 the d of
heart disease 1n children 1t seems logical to devote a small section of
this book to phonoeard phy the graphic tion of heart sounds

This 15 an excellent tool for the teaching of imtelligent mterpretation of
auscultatory phenomena It also serves the useful purpose of enabhng
one to check the accuracy of ones own quscultation and occasionally
plays the role of an unbiased arbiter deciding between two contrary
opintons in regard to murmurs and sounds In this latter respect 1t 1s
especially helpful for the younger physiman or the medical student who
with his own accurate observations now remforced by the phonocardi
ogram can often successfully challenge hus elders tnd teachers Phono
cardiography may thus prove to be a revolutionary mstrument m
medicine substituting facts for authonty derrved from the gray hawr of
the teacher enh d by his acad d but sadly limited by the
gradually narrowing hearing acuity of age
Excellent monographs and papers on phonocardiography 07 24 3¢
1 gre available m the literature hence no complete review of
the subject will be attempted here

The only phonocardiograph with which I am well acquamted 1s
the Sanborn Twin Beam In this recorder two simultaneous tracings are
obtamed The top tracing represents the heart sounds and murmurs the
bottom one 15 used as 2 reference tracing necessary for tmmng The elec
trocardiogram 1s used most frequently for reference but for certan
purposes registration of the jugular venous pulse the carotid pulse or
the apex beat (lmear or apex cardiogram) s more suitable

Three nds of microphones are available with this apparatus The
so called linear microphone 15 sensiive to all the vibrations caused by
the heart and as such registers pnimanly the coarse vibrations (less
than 100 per second) set up by the cardac impulse (Fig 94 A) the
jugular van or the carotid artery and suppresses the finer higher fre
quency vibrations constituting the sounds and murmurs

The stethoscopic microphone on the other hand completely sup
presses the coarsest elements and regsters only the low frequency
sounds some of them inaudible (between 80 and 200 per second) of
fered to the ear by the stethoscope (Fig 94 B) The lugher frequency

9%
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Figure 94 A Upper lne loganthmic phonocardiogram Lower tracing hnear
cardiogram At the upper tracing note I and 2 indicating Srst and second heart
sounds and §3f indicating systolic murmur Lower tracing Ig 1b and 2 are waves
of the hnear card; For sch rep of the of the Iinear
cardiogram (apex cardiogram) sce Figure 95

B Upper tracing stethoscopte phonocardiogram Lower tracing, electrocardiogram
Numbers I 2 3 4 indicate first second third and fourth heart sounds S means
systoli. murmur DV equals diastolic murmur

Three sumultaneous tracings Upper hne loganthmue phonocardiogram Middle
Iine jugular venous pulse Lower line ek il The ph i and
the electrocardiogram are marked as iz (A) and (B) The jugular venous pulse 1s
marked according to the conventional markings of jugular venous pulse See Figure 95
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murmurs 1re not brought out well in the stethoscopic tracing The use
of this microphone 15 principally n the analysis of the heart sounds 1t
1s of less use n demonstrating murmurs

The loganthmic microphone has the same kind of “bris” as the
human nuditory cortex It suppresses not only the lowest vibrations of
the cardine mmpulse but also the low frequency murmurs and sounds
and brings out with clanty and loginthmic ntensity the highest fre
quency vibrations (50 to 500 per second) (Fig 94 C) The loganthmic
tracing forms the basis of most of our phonocirdiographic studies it 15
espeaially useful n the analysis of murmurs

For the myonty of the clinical problems sound tracings obtained
by the loganthmic ); with el d phic reference are
entirely satisfactory For closer analysis of the heart sounds a stetho
scopic and a loganthmic tracmg obtammed from the apex with jugular
venous hnear (apex) cardiographic and carotid artenal reference
tracings 1s desirable

Three types of chest preces are used commonly with the Sanborn
Twin Beam—a medium open bell a smill open bell and a Bowles
diaphragm The first two are used for registering heart sounds and low
frequency murmurs the third 15 more ad g for hugh §
msufficiency blows and contmuous murmurs

On the basis of phonocardiograms taken with the instrument, m
crophone and chest pieces just discussed rather accurate analysis of
the auscultatory phenomena observed over the hearts of children 1s
possible

A direct writing, phonocardiograph with six filters has been used to
good ad by Mannk and his assoctes 11 3¢ Unfortunately
1 have had no personal expenence with this apparatus hence the reader
seeking nformation on this particular machme 15 referred to the work
of the Swedish authors

HOW TO TARE A PHONOCARDIOCRAM
A quet room 15 a prerequusite to the taking of a clear phbnocardio
gram Soundproofing 1s useful but not essential Telephones and type
writers should not be used at the time a tracing 1s taken
The cluld should rest comfortably on an exarmning table or should
be propped up on a pillow mn bed Only under extremely fortunate
circumstances may satisfactory tracings be obtaned from children less
than five years old without heavy sedation The cooperation of an older
child may eanily be enlisted even to the estent of having him hold hus
breath if the procedure 15 esplamed to him
At The Childrens Hospital m Boston 1t has been our custom to
obtam loganthmie tracings with an open bell chest piece from the apex
the left sternal border and the second left and second night interspaces
for all patients using the electrocardiogram as a reference We also



94 THE TOOLS OF DIACNOSIS

Figure 94 A Upper line loganthmic phonocardiogram Lower tracing Lmnear
cardiogram At the upper tracing note I and 2 indicating first and second heart
sounds and SV indicating sysmlw murmur Lower tracing 1z 1b and 2 are waves
of the Imear cardh For of the of the linear
cardiogram {apex cardiogram) see Figure 95

B Upper tracing stethoscopic phonocardiogrim Lower tracing electrocardiograr
Numbers I 2 3 4 indicate first second third and fourth heart sounds SV means
systohc murmar DV equals diastolie murmur

C Three simultaneous tracings Uppct Ine Ioganthmu: phonocardmgnm Mddle
line jugular venous pulse Lower hne and
the electrocardiogram are marked as i {A} and (B) T}u- ugular venous pulbse 1s
marked according to the cons entional markings of jugular venous pulse See Figure 95
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murmurs are not brought cut well in the stethoscopic tracing The use
of this microphone 1s principally 1n the analysis of the heart sounds 1t
15 of less use in demonstrating murmurs

The lJoganthmic mcrophone has the sime kind of “buas” as the
human Auditory cortex It suppresses niot only the Jowest vibrations of
the cariac impulse but also the low frequency murmurs and sounds
and brings out with clinty and logarithmic intensity the lghest fre
quency vibrahons (30 to 500 per second) (Fig 94 C) The loganthmc
tracing forms the basis of most of our phonocardiographic studies 1t 1s
especially useful 1n the analysis of murmurs

For the majonty of the climical problems sound tracings obtamed
by the loganthmic pl with elec hographic reference are
entirely satisfactory For closer analysis of the heart sounds a stetho
scopie and a loganthmic tracing obtamned from the apex with jugular
venous limear (apex) cardiographic and carotd artenal reference
tracings 1s desirable

Three tvpes of chest pieces are used commonly with the Sanbomn
Twin Beam—a medium open bell a small open bell and a Bowles
diaphragm The first two are used for regmistering heart sounds and low
frequency murmurs the third 15 more advintageous for high frequency

i blows and e murmurs

On the basis of phonocardiograms taken with the instrument m
crophane and chest preces Just discussed rather accurate anmalysis of
the auscultatory phenomena observed over the hearts of children 1s
possible

A direct writing phonocardiograph with six filters has been used to
good advantage by Mannheimer and his associates 1% * Unfortunately
1 have had no personal expenence with this apparatus hence the reader
seehing mformation on this particular macline 1s referred to the work
of the Swedish authors

HOW TO TARE A PHONOCARDIOGRAM
A quet room 15 a prerequisite to the taking of a clear phonocardio
gram Soundproofing 15 useful but not essential Telephones and type
writers should not be used at the time a tracing 1s taken
The child should rest comfortably on an examnmg table or should
be propped up on a pillow m bed Only under extremely fortunate
arrcumstances may satisfactory tracings be obtammed from children less
than five years old without heavy sedation The cooperation of an older
child may easly be enlisted even to the extent of having him hold lus
breath if the procedure 1s explamed to Inm
At The Childrens Hospital i Boston 1t has been our custom to
obtam loganthmic tracings with an open bell chest prece from the apex
the left sternal border and the second left and second nght interspaces
for all patients using the electrocardiogram as a refy We also
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take loganthmic and stethoscopic tracings from the apex with the hnear
cardiogram and the jugular venous pulse as a reference tracing In
addition to these routine points of auscultition tracmgs may be obtuned
from any other location desired All these should be taken in 2 defimte
consistent sequence so that when the tracing 1s developed and analyzed
the 1dentity of ench strip will be clear purely on the basis of 1ts position
withmn the senes It 1s also important as 1 further ud i 1dentification
that a permanent notebook be kept containing the patients name record
number age diagnosis and particularly the sequences of ench tracing
One should also note the type of microphone the chest piece the am
plficatton and the nature of the reference tracing used for every loca
tion

HEART SOUNDS
Four heart sounds are normally registered on 2 stethoscopie tracing
(Fig 95) The first sound or sound complex 1s approuimately svn
chronous with the QRS complex 1n the electrocard ogram 1ts average
duration 1s 010 second (005 to 015) Its onset can be well timed by
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Figure 87 A systolic click i patient with pulmonary arterial hypertension and dilated

DM

o

B

Figure 93 Upper tracing phonocardiogram Middle tracing ragular venous pulse
Lower tracing electrocardiogram  Note the low imtensity first sound 1n the phono-

cardiogram
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the q wave but its termination cannot be timed electrocardiographically

the C wave of the jugular venous pulse probably serves best as an end
point The mun portion of the first sound results from the closure of
the mtral and trricuspid valves wath some addition from the semilunar
opening and atrial and vascular components

Abnormalities of the first sound can be well documented phono
cardsographically An accentuated and occastionally late first sound (Fig
96) 1s charactenstic of mutral stenosis large ventricular septal defect or
pulmonary stenosis Levine 7 pointed to the presence of 2 Joud first
sound m patients with 1 short P R interval A systohe click occurnng
after the semilunir valves hve opened may be heard at the second nght
interspace i patients with aortic stenosis ! and at the second left inter
space in patients with pulmonary stenosis ¢ or pulmonary valve obstrue-
tion (Fig 97) A low intensity first sound 1s observed in patients with
pericardial effusion myocardial failure or prolonged P R mtennal (Fig
98)

The second sound or sound complex although usually oceurrmg
beyond the T wave does not show a close corrclation with the electro

diogram More timing 1s possible by using the Iinear or apex
cardiogrum as a reference tracing The second sound begins with the 2
wae and ends with the 0 pomnt (Fig 95) Its wverage duration 1s 008
second (003 to 012)

The closure of the semilunar valves contributes the major portion
of the second sound with some muscular and vascular elements added
The degree of sphttng between the sermlunar elements of the second
sound should be carefully noted The two sets of senulunar valves—
aortic and pulmonary—close practically simultaneously n the normal
adult the vibrations caused by the closure of thesc valves are thus super
imposed on each other hence no sphtting occurs In contrast 1n chnldren
under normal circumstances the semilunar valves close isynchron
ously 3 the aortic first and the pulmonary second Consequently the
tramned ear may eastly discover a shght splittng accentuited on deep
msprration within the second sound of normal children If measured
phonocardiograpluenlly the two peaks constituting the splitting normnlly
are seldom more than 004 second apart

One other component of the second sound 15 the so eilled openmg
sound of the mitral valve This 1s the terrunal portion of the second
sound complex 1s 1dentified by the 0 pont of the Jinear eardiorram and
consists pormally of vibrtions too low to be audible or vistble m the
loganithmie tracing However 1t can be seen well i the stcthoscopic
tracing, obtuned from the apex

The abnormally lugh amphtude second sound at the second left
snterspace 1s typreal of patients with pulmonary artenal hy pertension *¢
(Fig 99) In contrast the second sound m patients with pulmonary
stenosis 1s of low intensity at the pulmonary atea® (Fig 106 B) Both
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Figure 99 Upper tracing Joganithmic phonocardiogram Lower tracing  electro-
cardiogram Note the high amplitude second sound in the phonocirdiogram
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Figure 100 Wadely spht second sound Upper tracing logarithmic phonocardiogram
ower tracing electrocardiogram

these conditions affect only the second or pulmonary element of the
semilunar component Wide splitting ( cvceeding 0 05 second) of the sec
ond sound at the second left mterspace with moderately mtense aortic
and pulmonary elements 1s typical of atrial septal defect > {Fig 100)
Wide sphtting with a low intensity pulmonary clement 1s characteristic
aof severe coses of pulmonnry stenous The openwng sound of the matral
valve normally present only mn the stethoscopic tracing 1s clearly
demonstrable ns wn openmg snap (Fig 101) m loganthmie tracings of
many patients with mtral stenosis 51

The tlurd heart sound 15 dentifiable by the 3 wave n the hnear
carchogram (Fig 95) and corresponds to the first rapid inflow of blood
from the atra to the ventricles Usually this s clearly audible in children
less commonly 1n adalts It 1s well registered m the loganthmic as well
as m the stethoscopic tracing The fourth heart sound or atmal sound



100 THE TOOLS OF DIAC\OSIS
sM | DM I
(LT *immwm,\\\w

A
X
1
i ARANRENRARRE I

Figure 101  Opening snap 1n patient with mutral stenosis Upper tracing phono-
cardiogram lower tracing apex or hnear cardiogram Note O at opening snap cor
responding to O point mn the hnear cardiogram (From Ongley P A Sprague H B
and Rappaport, M B New England ] Med Vol 253 )
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Figure 102  Gallop thythm consisting of first sound second sound and loud third
sound Upper tracing loganthmic phonocardiogram Middle tracing apex cardiogram
Lower tracing electrocardiogram

ctrresponds 1o the second rapid fihng penod of the ventncles and
wdentifiable by the fact that 1t follows the P wave and precedes the q
wave 1 the electrocardiogrim (Fig 95) This sound consists of low
frequency vibrations and 1s usually not heard in normal people but 1s
well discernible 1 a stethoscopic phonocardiogram

U 1ly high amplitude or high freq third (protodiastolic)
and fourth (presystolic) heart sounds with tachycardin are recognized
with a stethoscope as gallop rhythm (Fig 102) In most mstances this
means cardrac falure A well registered third sound m an adult may
be the precursor of the mid diastolic murmur of mitral stenosis A high
amplitude fourth or atnal sound 1s commonly registered in patients
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Figure 103 Loud atnal or fourth sound 1n loganthmic tracing Upper lne loganth
muc phonocardiogram Middle line jugular venous pulse Lower line electrocardiogram
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Figure 10 Phonocardiogram of complete heart block. Note the rregular relation
ship between P ware and QRS complex m the electrocardiogram and the vanable
1ntensity of the first heart sound depending on the vicimty of the P wave and the QRS
complex The frst sound after the first QRS complex 15 low m mtensity smce the
P Rnterval here 1s long The first sound after the second QRS complex s high m
wtensity apd P R interval short,

with nght atnal hypertrophy (Fig 103) (severe pulmonary stenosis
ticuspid atresia total pulmonary venous anomaly and Ebstem s disease)
and 1n patients with complete heart block (Fig 104)

MURMURS

Vibrations with frequencies of 50 to 500 per second regstered be
tween heart sounds are called murmurs They are thought to result
from turbulences developing 1n the laminar flow of blood Qccasionally
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Figure 105  Respuatory astefact

1t may be difficult to distinguish a short murmur from a prolonged heart
sound In most mstances however murmurs have 1 durttion long enough
to make differentintion relatively easy

Occasionally a more serious problem 1s presented by the occurrence
of artefacts (respiratory sounds norses i the room defects in the ma
chinery and so forth) The best way to avoid these 1s to be scrupulously
certain that the phonocardiogram 1s taken m a quiet room and that the
base lme between sounds 1s kept as strught as possible Furthermore
one ought to suspect all vibrations extending with equal mtensity and
frequency throughout systole and diastole especially if appearing peri
odically rather than constantly of bemng artefcts of respiratory ongmn
\Fig 105)

Once the vibrations of appropriate frequency and timing have been
1denttfied mn the phonocardiogram as murmurs their sigmificance has to
be decided upen This bnngs one to the question of orgamc versus

tional murmur a t logy I have tended to discard m favor of
sxgmﬁcant and not slgmﬂc'mt murmur The auscultatory phenomena
1 with p deformities of the heart are com

monly called orgnmc murmurs and have farly severe mmplications
Logically one would melude m this group conditions with such varyng
sigmficance as mutral stenosis the nuldest form of pulmonary stenosis
aortic regurgitation and small Roger type ventnieulir septal defect By
contrast mn the functional category with 1 usually bemgn connotation
would be meluded conditions without permanent bnormalities such as
anemta rheumatie carditis without valvular deformities fover or thyre
toxicosis

This duff based on pathol dath 15 less today
1n view of the physwologic information available It m1y readily be seen
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that mild pulmonary stenomis with a gradient between the nght ventnicle
and the pulmonary artery of 15 to 20 mm of mercury gning fise to &
foud systolic murmur may never be demonstrable at postmortem evam
mation Wil such a murmur be called “orgame” or “functional? Coan
versel shall se classify as “orgame” or “functional” the loud murmur
of 4 small ventncular septal defect waithout demonstrable left to-right
shunt’r‘ The terms “orgamc” and “functional are clearly wrong n thew
Asmalls tar defect though “erganic ” may
be compatible with & long and active hfe whereas the “functional” mur
mur of severe anemux may be associated wath severe cardiac faslure
¥inally if one reviews the avadable Iteratuse to Jearn which mur
murs most authors call “functional” and which “orgame™ one coneludes
that all Joud systohie murmurs and everything that ecurs i duastole
called “orgamic” whereas everythug that 1s famt m svstole 15 called
“functronal ” The fallacy of this tvpe of reasoning has been proved re
peatedly by the finding of a foud early diastole mummar in the pufmon
ar area of a patient with an anatomieally normal heart (1diopathic pul
monary Tegurgitation) and by the presence of only a famt s stohie mur
mur 1n pitients with pulmonary atresia or the severest type of mitral
stenosis
In view of these difficulties then the murmurs should be properly
desenbed 1n respect to tuming ntensity durabion and character and
then should be correlated with the other necessary and avalable chimeal
aud Jaboratory nformation and d d as betng =
significant at that particular bne
Murmurs assocaated with eardiae symptoms ¥ ray evidences of car
die enlargement or abnormal electrecardiograms should certamly be
cansidered “sigmficant ™ Even without these ancillary findings @ murmur
15 hkely to be “sigmficant™ of 1t is of agh intensity (more than grade 3
according to Levine) and ap ble durat if ¢ well
throughout the precordwm the neck and the back and if 1t 1s not
Huepeed by the phases of vespuration or change wmn posthion Diastohe
murmurs on the whole are more Ikely to be “sipnificant” than systohe
ones
The “mnsignificant” murmur s never accompamed by cardiac symp
toms and laboratory evidences of heart disease Usually it 15 a murmur
of low stensity low frequency and of short duration oceccupymng mud
systole It may be heard maumally at the left sternnl border or the apex
st transmuts poorhy and it shows considerable vanahions from cycle to
cyele with respiration chaoge m posiion or for Do very obvious reasons
A tar type of £ murmnr Iy heard m healthy
Jok 15 strongly localized to the left lower sternal border and
sounds much bhe the pluching of 2 strmg
A word may be smd here abost the oceursence character and sig
of m children Richards 3 reporting on more than

" or “not

6
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5000 newborns found a systolic murmur at brth 1n 17 per cent 2 figure
mn close ngreement with that published several years ago by Lyon and
lus assocrates * These studies confirm the impression of most pediatn
erns that murmurs m the newborn are relitiely rre The character of
these murmurs vares 1 great deal I have the distinct mmpression that
some of them re rather hirsh even “Stenotic” although the majonty
are obvioushy soft and blowing It 1s commonly stated that murmurs in
the nconatal period m1y ongmnate from ~ patent forimen ovale or
patent ductus arteriosus Though the validity of such a contention can
not be categorienlly denied, attention should be directed to two facts
(1) Patients with patent ductus rtersosus never have continuous mur
murs n infancy (2) Children with proved patencey of the foramen ovale
almost neer have murmurs attnibutable to a shunt through thus defect My
own view of the matter 1s thit we do not know where the occasional mur
mur 1n the newborn onginates and it almost scems surprising that tur
bulences do not occur more commonly 1t 1 time of such radical change
over tn the circulation Many transient murmurs may ongate from
temporary valvular mcompetence or stenosis rather than from a septal
defect or patent ductus arteriosus One practical point to be remembered
15 that the murmurs of serilunar stenosis are the ones noted earhest
infancy If i a patent with congemtal heart disease 1 murmur was
noted at birth the chances are good that pulmonary or aortre stenosis
15 present

The probabihty that a systolic murmur heard at birth mdicates con
gemttal heart disease 1s 1 mn 7 if the character and intensity are disre
garded No figures are available m regard to the ultimate fite of new
borns with “sigmificant murmurs my smpression 1s that no more than
half of the infants prove eventually to have congemtal heart disease 1
have personally observed the disappearance of grade 8 to 4 harsh left
sternal border sy stolic murmurs within the first one or two months of Ife
Whereas systolie murmurs are rarely encountered at birth by one year
of age the cidence nises to 7 per cent *® Figures quoted by vanous
authors pertaimng to normal children and adolescents vary between
30 and 50 per cent The vast myonty of these correspond to the group

ly labeled ficant ”
The typical ) Iif systohe are the follow
mg (1) The diamond shaped stenotic” murmur of semilunar stenosts
consists of high mtensity and di freq it L
with the first sound and lasting through most of systole Aortic stenosis
murmur 15 best registered at the second right nterspace and the apex
of the diamond 1s usually at the first third of systole (Fig 108 A) The
murmur of valvular pulmonary stenosis i contrast, 1s best heard at the
second or third left interspace and the pex of the diamond 1s m mid
systole (Fig 1068 B) (2) The decrescendo murmur of nitral regurgitation

)L
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Figure 106 A Diamond shaped systolie murmor of aortze stenosts Note the early
apex of the diamond 2 conwiderable distance before the second sound B Diamond
shaped systolic murmar in patient with pulmenary stenesis Note the refatively late
apex of the diamand close to the second sound

{Fig 107) consists of medium y and med; ‘t by
and 15 best regstered at the apex (8) The plateau shaped systohe
murmur of ventneular septal defect (Fig 108) with medum in
tensity high freg vib s best o d at the third or
fourth Jeft wterspace (4) The Jow frequency low amphtude wregular
systolic murmur of the foramen sccundum type of atnal septal defeet
15 best heard at the second or thied left mterspace (Fig 100)

On the whole apreal systolic murmurs transmitting to the Jeft Juny,
brse are suggestive of theumatic nutral disease and are Jess comman
cluldren with congenital heart disease On the othes hand patients who
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Figure 107 Decrescendo systolic murmur of mitral regurgitation  Upper tracing

loganthmic phonocardiogram  Middle tracing apex

at linear cardiogram  Lower trar

g clectrocardiogram (From Onglev I A Sprigue H B and Roppaport M B

New England J Med Vol 233)
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Figure 108  Plateau shaped systohic murmur of ventriculir septal defect

have congemtal heart disease are more likely to have left or right sternal

border systolic murmurs

The typical diastoic murmurs may be described 1 the followmg
terms (1) The early diastolte murmur of semilunar incompetence con

sists of medium amplitude high frequency

wvibrations They start imme

diately with the second sound and after an occasional short crescendo

phase the mjor portion of the murmur 1s

clearly decrescendo n con

figuration This type of murmur 1s best registered with a Bowles dia

phragm at the left sternal border (Fig

110) (2) The early and mid
1 1 N

1stic of

diastohie low freq; low o
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Figure 103 frremalar low intensity systohic murmus of pitient wath atsial septal defect
Note alsn widely sphit second souad and {ow fre juency eatly diastobe murmur
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Figure 110 Easlv drastobe mummur of semalunas incompetence o patient with
pulmonary vascular obstruction syndrome “ote also widely spht second soand and
systolte murmur

congemtal heart defects with a hge left to-nght shunt (atnal septal
defect ventnculis septal defet or patent ductus astenosus) may
regaster best at the 1ot sternal border the apex or halfway butween the
two with the open bedt chest prece (Frg 131 (3) The mud diastohe
presystolic murmur of miteal stenosss (Fig 112) consists of rather low
frequency low sntenwty vibrations gsing st 2 rumbhing character The
smurmur usually starts with the third heart sound gams n frequency as
well as mtensity toward the end of dastole and culminates i the Joud
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Figure 111 Early low frequency diastolic murmur in patient with atrial septal defect
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Figure 112 Typical presystolic crescendic murmur 1n a_patient with rheumatic
heart disease and yitral valve involvement Tracing recorded at cardiac apex Note
(1) promnent first heart sound 1 (2) moderately split second heart sound 2 (3)
d dic medm fi d intensity systolic murmur SM (4) mud
duastolic murmur PV (5) presystolic crescendic murmur PSY

late first heart sound This gives the picture of the typical presystolic
crescendo of mutral stenosis which 1s 1 consequence of the forceful left
atrial contraction and therefore 1s never present in pahients with atral
fbrillation This murmur can best be heard with an open bell chest prece
at the apex often onlv 1 the left lateral position and sometimes only
after exercise (4) The contintous machinerv murmur” of patent ductus
arteriosus (Fig 113) 15 best registered 1t the second left interspace
It consists of lugh frequency varying intensity vibrations and starts in 1
crescendic fashion with the first sound renches its zenith 1t the time
of the second sound and then ad il i It
does not necessartly have to cover the entire cardiac ¢ycle but in typical
cases 1t extends a considerable distance after the second sound The
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Figure 113 Phonocardiogram of typical patent ductus murmur

murmur of patent ductus arteriosus 1s best registered with a Bowles
diaphragm



CHAPTER 5

Cardiac Catheterization

The ntroduction of cardiie catheterizabon a httle more than ten
yewurs ago 15 1 research tool and dirgnostic test revoluttomzed the
entire field of cardiology Cancepts that hid been famihar only to physi
ologists bectme common knowledge to medical students as well as to
practitioners of medicne The usc of the ntracardine catheter made
1t possible to determme accurately the cardine output i man by
applying the Fick principle It enibled physiologists to compare the
output of the systemic with the pulmonary ventricle thus shunts from
left to nght and nght to left could be quantitated with reasonable
accuricy By determining the oxvgen content of the blood 1 vanious
segments of the nght side of the circulation the site of left to nght
shunts could defimtely be locihzed 1n most instances By accurate
analysis of the pressure tracings stenotic lesions of the night side of the
heart were discovered and pulmonary hypertenston was established as a
rather common disease By paving particular attention to the pressure
tracmg m the pulmonary tree important conclusions were drawn 1n
relation to diseases affecting the left side of the heart

These are only 2 few of the great contributions of this techmique to
the diagnosis and treatment of heart diseise Almost more mmportant 1s
the fact that a type of phisiologic thinking was introduced 1nto everyday
cardiology which brought this branch of medicine nearer to the basic
science laboratory The publications of Cournand Bmg and Dexter
contun the basic information v for the und ding of this
complicated techmque ® 56 ¢

WHO SHOULD FERFORM CARDIAC CATHETERIZATION AND WHY?

Of course all this was not an unmixed blessmg, The guestion of
who should be responsible for the operation of a cardiac laboratory
became a real problem The doctor many years and many textbooks
away from the physiology courses at medical school had to relearn” all
that he might never even have understood previouslv The practitioner—
especially the peditrniein who mn the past had felt mtellectually
nlher superior 1f he could disttngwish the P wave from the T wave mn the

s suddenly given the task of analyzing the differ
ence belween the left atral and the pulmonary capillary pressure trac
ngs The medical man studiously avoiding the use of the scalpel since

110
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he had finshed that rotating mternship he had never wanted to take to
begm with had to Jearn how to cut down on vems and pohe around
the tncuspid sahe with 4 long rubber tube The surgeon whose distaste
for the stethoscope fully matched the horror of the scalpel expentenced
by Ius collergues m mtemal medicine hnd to rediscover mathematical
equations and the use of a shide rule and even to relearn Ohms law
One solution to the problem was to turn the whole procedure over to a
dortor rasned pomandy sn the basic smences or even to 3 Doctor of
Philosophy who could mahe good use of hus techmacal skill acqured 10
the experimental laboratory and his mtellectual supenonty carefully
cultnated by the vanous meetmgs of learned socteties This sounded
fine to everyone but the patient who stil wanted to see a doctor
prumarily tamed n the eave of people with mterest 1n lum as 2 person
and not only as a composite of pressures and flows

Ten years after the mtroduction of the cardiac cathetenzation tech
migue this problem has not been sohved with Snality  Different centers
throughout the country have uttlized people with different types of tran
1ng for the operation of the cardine cathetenzation laboratory It scems
clear to me 1t least that the best results have been obtawed i those
centers where various types of personne] are avalable to utilize fully the
benefits dern ed from the procedure A doctor well tramned i phvsiology
has to be 1n immedhate and complete charge of the laboratory he should
be responuble for the analysis of the data and their wterpretation and
sigmficance n relation to the partiewlar study A cardiologst should be
m charge of the patient He should decide subject to the approval of the
faboratory head who should undergo the d He should
the phvsiologic pacture and the chmicil observations and should interpret
the whole thing to the patient and the famuly Finafly taking the entire
situation into careful consideration he should decide about the thera
peutic mmphieations subject of course to the approval of the surgeon
In additon the actie particrp of bers of the Anestt
Service and the Radiclogy D 15 md ble It cannot be
emphasized strongfy encugh that alf these people should be m close
cooperation and consultation with exch other for hest results

INDICATIONS AND RISKS

There 1s no unatmumty of opmon regardmg the wmdications for
cardiac catheterization A great deal depends on the experience and
tempervment of the physican mahing the deaision

Before embarking on the mdscations 3t must be realized that fius 15
amajor procedure thich may b through arshyth or gimbol
sn the death of the patrent This my not be a statistically sigmficant
fact nevertheless 1t should be made erystal clear to every patent or
parent If death occurs as 1 consequence of a therapeutic procedure the
refatrves wsuallv accept 1t much more readily than of the catastrophe 15
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ed as the outy of q d procedure I do not believe
that we can quote statistically valid mortality figures since much depends
not onlv on the skill of the operating team but also on the matenial with
which they are working If the physician 1s conscrvative and reserves
catheterization for sick people only Iis mortality figures will be higher
than those of his colleague who cathetenizes everybody wath an aprenl
systolic murmur But—and this pomt can scarcely be oseremphasized—
some of the latter group the ones with no significant disease at all can
be serously harmed and may even die during the procedure The nsk
quoted to parents 1 our department 2s that about 299 out of 30D of
these procedures go perfectly well but once in about 300 times trouble
anises Higher risks than these are quoted when patients with pulmonary
sascular obstruchon or Ebstcns disease are considered for study

Always remembering these dangers we recommend cardsac cathe
tenization for the following groups of patients (1) patients who on the
basis of cimeal evidence do not have operable heart disease but whose
condihion 1s clearly severe and 1n whom an operable situation ¢annot be
eccluded with reasonable certanty (2) patients with a chinical picture
of operable heart disease in whom the severity of the lesion represents
prt of the operative indications (atnal septal defect pulmonary stenosts
mutral stenosis) and (8) patients with a chmical picture of operable
heart disease 1n whom 2 complicating factor possibly contramndicating
operation 1s suspected (patent ductus arteriosus or coarctation of the
aortr with nght ventricular hvpertrophy)

We do not usually recommend cathetenzation for patients who
clearly have operable heart disease with definite mdications for opera
tion (severe mtral stenosis patent ductus arteriosus coarctation of the
aorta or tetralogy of Fallot) We are also rel to use the p il
1 patients without significant heart disease

The preferred age for cardiac cathetenzation 1s fve years or older
However successful nght heart catheterization has been accomphshed
m many babies less than srv months of age when clear mdications
eusted

The difficulties encountered consist principally 1n the development
of arrhythmias For obwious reasons atnal prematvre bedts or even
paroxysmal atrna} tachycardia 13 not nearly 1s worrisome as are ventric
ular premature beats or ventricular tachycardia

In addition to the arthvthmias we have also seen transient hemm
plegias presumably due to air embohsm develop after cathetenization
Another complication we witnessed was the looping of the catheter in
the right ~tnum with the form ition of 1 knot cirdictomy had to be per
formed m order to withdraw the catheter from this patient Two more
complications to be mentioned are (1) blood loss due to excessive with
drawal which may have to be corrected by postoperative blood trans
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chemiel laboriton completely equipped for Van Shke determinations
awgen malysis and so forth should b, available In addition to this
basic equipment many Diboratonies have oaimeters bievele pedals for
exercise tests and vanous other instruments furmshing supplementary
mformation.

INFORMATION OBTAINED

The information obtained at cathetenzation relates in essence to two
pawts the ovvgen content and pressure level i vanous segments of the
crrculation Figure 116 kists the owygen consumption the oy gen content
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and pressure measurements with the pertinent calculations 1n healthy
people

CavrcuraTioN oF Caroiac Outeur

Correlating the results of the oxygen analysis with the oxygen con
sumption the cardiac output can be calculated The basis of these
caleulations 1s the Fick principle If we can determine how much oxygen
1s used by the organism within a given period for example one miuute
and 1f we can also ascertain at cardiac catheterization how many cubic
centimeters of oxygen are eatracted from each liter of artenal blood
dunng the same penod then st 15 easy to calculate how manv hters of
blood have to go around everv nunute to give up the number of cubic

of oxygen d d by the oxvgen consumphion test.

04 consumption _cc /mun

Card: t L., =
hac output L/min = R erence cc /L.

The cardiac output 15 expressed n liters of blood per mmute The
oxygen consumption 1s expressed in cubic centimeters per mmnute and
can be determined by making the patient breathe durectly mto a Douglass
bag or on the basis of a table computed nccordmg to werght and height
The arteroy oxygen diff 25 1 by ) for
oxygen blood samples from a systemic artery (brachial or femoral) and
from a part of the venous system where presumably complete mixing
of the venous blood had taken place (1n patients without cardiac shunts
this sample 1s obtained from the pulmonary artery) Two examples 1llus
trate the whole calculation clearly

o
(1) Cardiae output = 22— (eee Fig 116)
IfO consumption = 160 cc /min
O content of artersal blood = 190 cc./L
O3 content of muxed venous blood (PA) = 150 cc /L
160 cc /mun 160 ce /min
e - - =4L
0 GO = e /L —156cc/L ~ 40cc/L fma

Obviously companson of the cardiac outputs of patients of vanous
sizes can be made only by relating the actual value to that for a standard
sized person By convention a patient having a body surface area of 1
square meter 1s the standard means of companson The cardiac output
expressed 1n L /mm /M 15 what we call the cardiac index (CI) The
cardiac mdex 1s determmed by relating the cardiac output to the patients
calculated surface area As 1s seen mn the next example if a patients
cardiac output 1s 3 hiters and hus body surface area 1s 15 square meters
the cardiac index 15 2 L /mmn /M

2) CO = -
@ 190—140 3L /oun

ly surface area = 15 M *
CI —ZL/mm/\{’
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The calculation of the cardiac output by the method descnibed 1s
accurate to about 10 per cent 1nd 1s one of the most sigmficant results
of cardiac cathetenzation It finds its most important application 1 the
study of congestive farlure

DETERMINATION OF CARDIAC SHUNTS

The next pertinent applicttion of the data obtained by cardiac cathe
tenzation 15 n the determmation of cardiac shunts Smce no great
change 1 the oxygen content of the bloed mn the vanous chambers of
the nght side of the heart occurs under normal circumst nces (Fig 116}
sigmficant increase in the oxygen content i one chamber as compared
with another means n addition of oxygenated blood from the systemic
arcuit Smee the mxng of the venous blood 15 lcast complete i the
nght atnum the changes i this chamber must be relatintly large to be
sigmficant Conversely since the venous blood 1n the nght ventnicle 1¢
rather completely mmed even small changes m the pulmonary artery are
significant In other words 1f the nght atnal blood sample contams 1
volume per cent more oxygen than the sumple from the superior vena
cava this does not aly nds the p of a cardiac shunt
at the atrial level In contrast if the pulmonary artery sample 1s 1 volume
per cent lugher than the nght ventnicular sample that 1s good presump
tive evidence for the presence of @ patent ductus arteriosus In our Itb
oratory the sigmficant 1ncrease m indnadul night heart chambers 1s de
fined as at least 1 5 volumes per cent mcrease 1 the nght atnum at least
a 1 volume per cent mcrease mn the nght ventnicle and at least a 05
volume per cent change in the pulmonary artery If these mereases are
found the presence of arteriovenous shunts at the respective levels can be
assumed with reasonablc certamty A sigmificant increase at the right
atnal level ndicates an atnal defect or anomalous pulmonary vemn at the
ventnicular level 1t means a ventneular septal defect and at the pul
monary artery level a patent ductus artenosus or an 1ortopulmon iry
fenestration Individual examples of catheter findings at vanous shunt
levels will be presented in the section on Congemtal Heart Disease

A second and even more definite indication of an ntracardiac com
munication 1s the passage of the catheter from the left to the nght side
of the heart through a defect Entrance nto a left sided chamber mny be
recogmized topographically under the fluoroscopie screen chemically by
finding blood samples with oxygen content identical to that m the
systemic artery and manometrically if pressure tracings charactenistic
of the left side of the circulation arc obtamed It mav easily be imagined
however that under certain circumstances all three of these eniterra will
be necessary to ascertain whether the catheter 15 1n the left or the right
side of the heart

The final contribution of the catheter to the shunt problem 1s the
nformation 1t reveals about the magnitude of the transfer from one side
to another The size of the shunt as well as its site may be calculated
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with reasonable accuracy f the bloed flows 1a a left to nght direction—
from systermic to pulmonary cwcwt In contrast of the puncipal flow of
blood 1s from nglt to left often only the size of the transfer can be est
mated sithout amy ceurate snformation as to the level where 1t aceurs

The magmtude of tho left to nght shunt can easily be caleulated by
recogmzmg the fact that the cardiac output of the two sides i not
wentier] m these eises because nithough the osygen P 18
the same the artertovenous difference 15 not By applying, the Fuck prm
aple ta the systenuc and pulmonary circtits separately and by subtract
1ng the output of one ventricle fram that of the other the size of the shunt
can be d 3 with bl

Two ples readily ik the situat
(1) Oxconsumption = 150cc mn Hence CO {systermic) ’quo-m'ﬁﬁ" L /mn
BAD content = 190cc /L
150
CO (pu - 5L
BY Gycontent = {40 ¢c /L (hmonary} = 105710

PAOycontent = 16ee /L Shunt fromm left to xight = 2 L /mun at the
pulmonary artersal level

O capsety = o0t /L

PV O content = 190cc /L

(assuraed)
(2)©1con umption = $50cc smn Henee CO {nystemie = x7<x:‘x’zo -
BA O, content = 170cc /L.
150
- =21L
PAQ content = 1%0cs /L GO (pumonars) = 155y fue
O capacaty = 200 ce /L Shunt from night to laft = 0 0 L /mm leved

not determuned
PV O content = 190cc /L
(assumed}

1t mmay be secn i example 1 that the systemie output s smatler than
the pulmonary  hence the shunt 15 from Jeft to nght and s magmtude
18 two thirds that of the systemic output It 15 also clear from this example
that the shunt occurs at the pulmonary artenal level hence it mdicates
the presence of a patent duchss artersosus

1In contrast i example 2 the systemuc output s “bout 50 per cent
more than the pulmonuy output wnplying a nght to left shunt the site
of which cannot be detesmined from these paruicular data It may be scen
that m order to calculite the s53stemue flow m a patzent with nght to left
shunt the wssunption has to be made that the pulmonary ven s 85
per cent saturated

In enses of aduwecthonal shunts by means of more compliested
cquations  both left to nght and nght to left shunts can be estimated
simultancously

Dersrvnanioy oF Paessuses

The thrd and perhaps most accurate group of data obtamed by
means of cathetenzation of the nght side of the heart relates to the
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The caleulation of the cardiac output by the method deseribed 1s
accurate to about 10 per cent and 1s one of the most significant results
of cardiac catheterization It finds 1ts most important application 1n the
study of congestive farlure

DLTERMINATION OF CARDIAC SHUNTS

The next pertinent application of the data obtamed by cirdite cathe
terization 1s tn the deternunation of cardiac shunts Smee no great
change 1n the oxygen content of the blood i the vanous chambers of
the night side of the heart occurs under normal crreumstnees (Fig 116)
significant merease 1n the oxvgen content in one chamber as compared
with another means an addition of oxygenated blood from the systemic
arcuit Since the mixing of the venous blood 1s least complete m the
nght atrium the changes 1n this chamber must be relatively Iarge to be
sigmficant Conversely since the venous blood m the nght ventricle 1s
rather completely mixed even small changes 1n the pulmonary artery are
significant In other words if the nght atnal blood sample contans 1
volume per cent more oxygen than the sample from the supenor venn
cava this does not necessanly mdicate the presence of a cardiac shunt
at the atnial level In contrast if the pulmonary artery sample 1s 1 volume
per cent higher than the nght ventricular sample that 1s good presump
tive evidence for the presence of a patent ductus arteriosus In our lab
oratory the significant incresse i indnvadual npht heart chambers 1s de
fined as at least 15 volumes per cent mcrease m the nght atnum at least
4 1 volume per cent ncrease in the nght ventricle and at least 2 05
volume per cent change m the pulmonary artery If these ncreases are
found the presence of artertorenous shunts at the respective levels can be
assumed with reasonable certamty A sigmficant mncrease at the night
atnal level mdrcates an tnial defect or anomalous pulmonary vemn at the
ventncular level it means a ventnicular septal defect and at the pul
monary artery level a patent ductus arteriosus or an vortopulmonary
fenestration Individual examples of catheter findmgs at vanous shunt
levels will be presented m the section on Congenittl Heart Discase

A second and even more definite indication of 4n ntracardiac com
muntcation 1s the passage of the catheter from the left to the nght side
of the heart through a defect Entrance nto a lcft ssded chamber may be
recogmzed topographically under the fluoroscopic screen chemcally by
finding blood samples with oxygen content identical to that in the
systemic artery and manometrically if pressure tricings charactenstic
of the left side of the circulation are obtamed It may easily be unagned
howeser that under certain circumstances all three of these eniteria will
be necessary to ascertain whether the catheter 15 1 the left or the nght
side of the heart

The final contribution of the catheter to the shunt problem 1s the
information 1t reveals about the magmtude of the transfer from one side
to another The size of the shunt as well as its site may be caleulated



CARDIAC CATHETERIZATION 121
ERACHIAL ARTERYAL TRACTNG

I 002 T 0 0 S 0 VO A Y 0% O OB o O S O
RN iy NN -
Gl r i R N PR T
o A T EEA TN
R R R TN
T 3 b 1 i
i T -~ N i
R [ =
S l
Ja=l =l 1y Ttz PE 34 b I
i, =l ARG ;g}g;' ATYME]
o I i 1 i | 1
ol ] 1
[ HENN ! 3 R
formal Aortic Regurgitation

Figure 119 Cowpansen of brachul artental tracing of nommal porson wath that of
patsent with avrhc regurgitatian Note the rapid upstroke and rapud downfall of the
a0rtic Yegurghation tracuag and the absence of the dierotic atch

elevation of nght atrial mean pressure 15 seen m nght sided falure The
a wave in the night atral tracing 15 exaggerated (Fig 117) m severe pul
monary stenosis with sntact ventwseular septum pulmonan vascular ob
struction and tncuspid atres:a The tall V waves are charactenstic of
tncuspid Tegurgmitation  Rught ventncular diastolic pressure 15 elevated
in nght uded fadure Raght ventneular systohe pressure 5 hugh i pul
monasy valvular or vasculwr obstruction with a drop in pressure from
nght ventncle to pulmonary artery w the former {pressure gradient)
{Fig 118)

An elevation of dle pressure 1n the nght athum and an identty of
thiy with nght v Iir and pul y artenal diastol are
found m constnictne penicarditis or myocasdial disease Ele»:xted left
atrial and pulmonary capilary pressure 1s found m left sided heart faure
and rutral Stenosss Low distohe pressure in the svstenue arteny s seen
mn aortic yegurgitabion and patent ductus artenosus {(Fig 119)

Oruer CaLcrrarions

Onfice sizes {mitral \ahe pulmonary vabe) mav be calculated by
considenng the blood faw the pressure gradient and the duration of
that part of the cycle when blood flows through the particular vahe
{Gorlins formula)

By modifyng Parsseulles cquation the remstance in any part of
the cucwit can be caleulated from the pressure gradient wd the blood
Bow The results are expressed in dynes seconds and cestumeters to the
sunus Afth power and have principally a comparatn e value



CHAPTER 6

Anglocardiography

Angrocardiography 1s the visuahzation of the heart chambers by senal
roentgenograms during the tnjection of an 10dine-contaming contrast
matenal into the circulation By means of senal exposures tiken at
mtervals of 1 fraction of a second one may trace the course of the
opaque suk through e heart chambers and blood essels
Information may thus be obtained about the size shape and location of
ndividual heart chambers and the great vessels In addition if the
venous system 1s mjected (angography) the presence of a nght to left
shunt may be visuahzed or if the dye 15 mjected nto the aorta from the
carotid arteries (aortography) a left to nght shunt through a patent
ductus arteriosus my be revealed

TECHNIQUE AND EQUIPMENT
The teck consists m 1ntrod the contrast matenal at max

mal speed into the venous or rtenal system and obtaimng a mamal
number of roentgenograms of the heart while the dye traverses the
vanous chambers and thoracic vessels A great many stndes 1n techmque
have been made since the introduction of the method by Castellanos 1n
1937 °

In venous 1ngiography the dye 1s introduced by means of a cannula
through a cut down” inte an antecubital vein (or a femoral m mfants)
In so called selective angtography an ntracardiac catheter 1s mtroduced
nto a right heart chamber or pulmonary artery and the dye 15 mjected
directly into the catheter If the dye is injected through a cannula
directly 1nto the left carotid artery an aortogram 15 obtuned

‘The contrast matenal used 1 our mnstitution 1s 70 per cent Diodrast
or Urokon for venous injection and 2 35 to 50 per cent concentration of
the same preparations for purposes of 1ortography The amount of con
trast materiil required varies with the size of the child and the size of
the hewt on the whole 1 cc per hlogram of body weight 1s sufficient
for most situations On the basis of this dosage scale 8 to 10 ml are used
for nfants less thin one year of tge 10 to 15 ml are usually satisfactory
for those between one and two years and 15 to 23 ml are admmistered
for older children These figures are designed for patients with modcrate
cardsac enlargement larger hearts may need more dye

Rapid manual injection of the contrast matenal introducing the total

122
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Figure 1.0 Course of the dye mjected 1o the ngtt arm through the chambers
of a normal heart A The supenor vena cava nght atnum nght ventncle and the
large pulmonary artery flled B Incpert filling of the left atnum and left ventnele
through the pulmonary vemns € No opacification of the nght side of the heart, but
good visualization of the left ventricle and aortic arch

amount n less than two seconds 15 usually satisfactory for conventional
or aor hy To obtamn 1 benefits from the most
rapid casette changers utihzed n selecthe anglography high pressure
mechanical dye mnjectors are used they are capable of injecting a large
amount of dye in less than one second
The first d. were ok d with a manual casette
changer taling a total of four to six films m one plane every one or two
seconds Today the faster machmes are capable of obtaimng roent
genograms 1n two planes at nght angles at a speed of 10 per second or
more By usmg an 1mage amphﬂer and a high powered mowvie camera,
that 15 moving pictures of the course
of the dye have been obtamed recently m this country and m Sweden
A light general anesthetic usually Vinethene combined with pure
oxygen 1s used for the duration of the mjection to spare the patient
discomfort and to avoid movement during exposure tune If the arterial
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Figure 121  Sclectne injection of dye into night ventncular outflow tract Upper
picture posteroanterior view Lower picture lateral vicw Note in the upper picture
the marked dilatation of the mamn pulmonary artery and n the lower picture the out
Lne of the pulmonary ralve

system 15 injected directly or if venous angiography s carned out on a
patient with a large nght to left shunt the carotids should be firmly
compressed bilaterally by the anesthetist flooding the brain with Dio
drast may have disastrous results

Within the frimework of comventional venous angiography an
outhine of the heart chambers especially on the nght side 1s obtamned
(Fig 120) and nght to left shunts can be demonstrated By “selective”
ijection of the nght ventncle detailed outhne of the nght ventnicular
outflow tract and the pulmonary valve may be obtamned (Fig 121)

Retrograde aortography may d te the site of a of the
aorta (Fig 122) or the presence of a patent ductus arteriosus (Fig 123)
INDICATIONS

Patients with cyanotic congemtal heart disease m whom the site
of the nght to left shunt cannot be clearly established by clinical methods

are preferred subjects for venous angiography Thus the techmque 1s of



.
' arter, by retmgmde Mjection of the lege
artery,
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considerable assistance 1n the differential diagnosis of the tetralogy of
Fallot as agamst 1 single ventricle with pulmonary stenosis pulmonary
stenosis with a foramen ovale or tnicuspid atresia By demonstrating
an overnding aorta communicating with both ventricles the tetralogy
of Fallot may also be differentiated by this method from a complete
transposttion of the great artertes mn which the aorta takes off exclusively
from the nght ventricle Truncus arteriosus commums gives a typreal
picture bv ngiocardiography 1 the posteroantenor view

Venous anglography usually furnishes only equavoetl evidence n the
diagnosis of left to nght shunts

Selective angiography 15 of considerable help m clearly outhmng
the type and the site of pul y stenosis—spectfically whether the
block 1s at the mfundibular or the valvular level or possibly at both
sites Bv mjecting the dve dircctly mto the pulmonary artery through
an ntracarchac catheter m patents suspected of having pulmonary
venous anomalies the pomnt of entry of these anomalous vems may
successfully be demonstrated the surgical importance of this can scarcely
be overrated

Retrograde ~ortography finds its principal use in outhning the site
and the length of coarctation of the aorta and n demonstrating the pres
ence of a patent ductus arteniosus or aortopulmonary fenestrations

The enthusiasm with which angiocardiography 1s used vanes just as
much from center to center as do the indications for venous catheteriza
tion At The Childrens Medscal Center m Boston at the present time
angrocardiography 15 used 1n only about 5 per cent of the patients with
congemtal heart disease 1dmutted to the Hospital for diagnostic purposes
We use 1t almost exclusively i four types of situations (1) atypical
patent ductus artenosus (2) cyanotic congemtal heart disease (3) pul
monary venous anomalies and (4) occasionally mn coarctation of the
aorta

DANGERS

‘The dangers of angiocardiography much like those of cardiac cath
eterrzation depend a great deal on the mndicanons for 1ts use Published
reports based on series ivolving several thousand c1ses quote the mor
tality rate as possibly 1 m 300 to 400 in cyanotic children and 1 i 1500
m noncyanotic pitients The principal dangers are respiratory arrest,
hypotenston and circulatory collapse aniphylius and convulsions

In order to muumize the dangers we recommend that any one
exammation be humited to one mjecton multiple injcctions carry higher
nisks To avord anaphylactic reactions angiocardiography should not be
performed on a person with a fustory of allergy A prelmmary <hin test
1s advocated as a matter of legal technicahty as much as for screening
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CHAPTER 7

Acute Rheumatic
Fever and
Rheumatic Heart Disease

ACUTE RHEUMATIC FEVER
Incmence anp EtioLocy

Rheumatic fever 1s one of the two most mmportant causes of heart
disease m children It 1s difficult to determune ats meidence accurately
since there 15 no unammity as to diagnostic crtena Furthermore the
disease 1s not a reportable one Nevertheless using patients with rheu
matic heart disease as a princpal source of information 1t must be

luded that rh fever 15 In our chmate about 25
per cent of the adults with heart disease can clearly be classified as
rheumatic 34 In England 1 1927 1t was estimated that 10 to 15 per cent
of children less than twelve years old were affected by rheumatic fever
or theumatic heart disease %2 School surveys m the Umted States within
the past ten years place the incidence of rheumatic heart disease 1n
children five to nmeteen years of age at between 2 and 6 per 1000
depending on geographic locahon ¥ Fmally accordmg to Metro
politan Life Insurance Company statistics 1n 1944 rheumatic fever and
rheumatic heart disease was the princrpal cause of death among persons
five to tnenty years of age

Although proof ponting to the magmtude of the problem seems
unequivocal there 1s equally comincing evidence that rheumatic fever
has been dechming i waidence m the last fifty years Glover'®* found
that the crude death rate from rh fever and rh heart
Asease fL from. 67 per moallvon, of Ropdlation, v 1L 4o 22 nex ol v

1937 m England There has been an equally steadv dechne 1n rheumatic
mortality and morbidity 1n the United States during the past forty years
according to the Metropolitan Lafe Insurance Company "¢ The down
ward trend has mereased sigmficantly within the past fifteen years The
same tendency may be discovered m statistics available from the United
States armed forces m World War II the madence of theumatic fever
was only one tenth of that ;n World War I Whether this change has
129
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cipally 1n verrucose endocarditis localized on the atral surfaces of the
mitral valve and the ventncular surfaces of the aortic valve The tiny
Lemcls consisting of debns and fibnn are found predommantly at the
I, of closure of the valve and on the chordac tendineae The valves
are swollen edematous and distorted The panctal endocardium 1s rarely
mvolved The myocardium 1s the site of pernvascular round cell infiltra
tion and specific Aschoff bodics these are usually seen in the subendo
cardial myocardium especially 1n the left atnum and the ventricles
The pericardium 1 mvolved 1 the process charactenstically presents
the picture of serofibnnous pericarditts varymg from the ‘bread and
butter type to the predominantly exudative form
The development of these acute or subacute changes furnishes the
anatomic basis of rheumatic heart disease The verrucose lesions at first
easily removable from the valves become more and morc adherent The
valves themselhes lose therr elushicity or become scarthed and the leaflets
adhere to each other The papillary muscles and chordae tendineae
thicken and become plastered with exudate If there are recurrences 1n
the rtheumatic process fresh vegetations and fresh exudates are produced
wregularly on the already affected surfaces As a result of the thickenmg
and adhesion of the leaflets stenosis of the mutral valve occurs within a
matter of years (two to eght years according to Cary Coombs®) How
ever mdividual cases of mutral stenosis have been known to develop n
Jess than one years time The shortemng of the chordae and the papillary
muscles prohibats the valves from closing completely hence they become
mcompetent This process m contrast to the stenosis may develop (at
least i a functional sense) wathin a few weeks
Aschoff bodies the prncipal feature of myocardial nvolvement m
the rheumatic state are short lived Within a few weeks or months they
are transformed 1nto scar tissue hence an Aschoff body m the myvo
d prot heates that the 1k process 1s relatively active
If scar tissue develops around the conduction system permanent con
duction disturbance may result If the myocardial mvolvement 1s severe
and persistent, senous and even fatal cardac dilatation may cnsue
without major vahular dcformty
Rheumatic pericarditis although of severe prognostic importance
i the acute stage seldom leads to chronic pericardial disease Constric
tive pencarditis on a rheumatic basis seldom 1if ever occurs If the heart
can recover from the endocardial and prncipally the myocardial involve
ment the pencardium usually heals without any significant residuum
Other organs involved in the rheumatic process should be mentioned
briefly In the acute stage the lungs may be the site of pneumonitis of the
hemorthagic type Rheumatic’ encephalitis with round cell infiltration
around the basal gangha has been descnbed The rheumatic jount
1s characterized by redness of the synovia, serous flwd accumulation 1n
the jount spaces and fibnin deposits over the carhilage Aschoff bodics may
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be found m the penmabendar bssue and the synova Rheumatie sub
cutancous nodules attached to tendons or persosteum may be fonnd over
jomnts scalp and vertebrae Histologically they represent grenulation
tssue sumlar to Aschoff bodies Nodules usually last several weeks or
months @ They can be produced exp Hy by blood

subcutineously mio theumatic patients

Cunvican Prcrune

Since as has been pomted out before sheumatic fever 1s conssdered
to be a spenfic host reaction to insasion by the group A hemoly tic strep
tocoecs 1t can easily be seen that the chmical pcture depending on the
host will be protean ideed Depending on age heredity clhmate and
economic factors 2 number of sheumatic syndromes may present them
sehes

Antecedent Infection In about B0 per cent of cluldren baving
sheumatie fever the parents describe a cold a sore throat of even scarfet
fever ten to fourteen days prior to the onset of iness Ths was treated
exthes with an madequate dose of an antimicrobial agent or only tran
stently The seveuty of this respiratory infection was average and its
duration usually no more than two to four days

The Acnte Attach Genemat Sions oF InFrasrvamion  These
usually begin ten to fourteen days after the antecedent mfection and
constst of {1) ferer charactenstically this 1s not hagh st ringes between
101 and 103 ¥ and 15 of the relapsing type High spiung temperatures
such as are seen commonly i rheumatord arthntis are rare {2) Poly
wmorphonuciear levkocy tons of moderate degree {3) elevated enythroryte

d sate (4) 1 de untabihty and pallor out of proportion
to the muild anemia and moderate weight loss

Sepcrc Manrestarions  These may best be discussed under the

d of mndividual synd the fact that commonly
not one but several of the syndromes of varying mtensity make up the
chnteal profile

Arthnis Bheumatic fever mvohes several jomts simultanecusly
o5 10 succession Monoarthntis almost never 13 a manfestabon of rheu
matic fever The jounts mvalhed ase usuatly the large ones hnees ankles
wasts and elbows Heat redness swelling severe pam and tenderness
ave the rule If as s the custom on many orthopedic services the jowmt
15 tapped clear serous stenle Burd of hugh proten and cell content 1s

% d From this d of ih arthrits st may be seen
how sharply different it 15 from the sague muscle and tendon pamns
called “growmng pams  the relation of which to rheumatic fever is ques
tiomable  Dhiferentiation of the two condions 15 posable by simply
asking the mother wbat she 1s downg for the pams of the youngster If she
says that the child Iikes to have his hmbs rubbed or massaged one can
be almost certaw one 15 not dealing with theumatic asthntis This condy
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tion m its true form makes the jomts so tender that even the weight of a
blanket may be ntolerable
Carditis  Defimite evidence of cardtis almost requires the diagnosis
of theumatic fever m children Although accurate figures on the occur
rence of carditis n unselected c1ses of rheumatic fever are not avajlable
the med 15 usually lered to be at least 50 per cent and it 1s
found 1n every fatal case
For the evaluation of carditis a knowledge of the condition of the
patients heart prior to the onset of the present illness 1s of great im
portance This 1s particularly pertinent m trymg to determmne whether
or not the presence of a murmuyr indicates acute carditts If the murmur
wns clearly not present before the attack of rheumatic fever the hkeh
hood that 1t sigmfies carditis 1s strong Apical systolic murmurs can be
considered sigmficant only 1f they last at least through the first half of
systole and if the mtensity 15 at Jeast grade 3 Apical diastolic murmurs
always sigmificant are commonly found in acute carditis at a time when
Do orgame nutral stenosis 15 present ¥ The ongin of this murmur 1s not
clear but it 15 thought to be due to relative mitral stenosis caused by
dilatation of the left ventricle Aortic diastohe murmurs are also noted
early m the hustorv of carditis 1 to the dastol, 5
the mutral area these are more likely to become permanent All these
murmurs may develop mnto permanent auscultatory featurcs or may be
entirely transient and the heart after recovering from acute carditis
may sound entirely normal
The heart sounds 1n acute carditis often lose their luster and become
distant dull and muffled Taran’® emphasized the development of
embryocardia w equalization of the duration of systole and diastole
resuling 1n a tic tac hke rhythm Drastolic gallop 15 commonly present
Cardiomegaly of appreciable degiee can usually be demonstrated on
physical ex Senal radiog give objective evidence and are
useful as guides to prognosis At fluoroscopy the heart beat 1s usually
feeble Enlargement of the left atnnum demonstrated m the right antenor
oblique view 1s emphasized by Wilson® # as a pnme enterton of carditis
Pencarditis can usually be detected by the presence of a friction rub
S with the develor t of a large effusion the friction b
disappears at this stage however the massive cardiomegaly the feeble
heart sounds poor curdnc pulsition and evidences of tamponade usu
ally reveal the diagnosis On the other hwnd rheumatic pertcarditss 15
practically never seen without 1 sigmficant murmur  Although pen
cardatis 15 of senious prognostic sigmficance 1t usually does not require
paracentests except occasionally for diagnostic purposcs
Esidences of congestive fulure that 15 distended nech vemns puffy
face hepatomegaly pulmonary rales low urmary output and even
pitting edemt can all be regarded 4s cvidences of carditis Almost
axiomatically any child with rheumatic heart disease who 1s 1n failure
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Figure 124 Photograph of Lttle gul with congestine falure due to theumatic carditis
“ote the sulanty to the featutes of patients with nephroses

must have acthe cardiis Thes 15 1n marked contrast to older people
whom congestne failure may be the outcome of the mechanical stress
placed on the heart by rheumatic valvular mvolvement Right sided
faslure particularly involuing facsal edems 18 characterstic of conges
nive fallure m rheumatic children Pure left sided fadure on the other
hand 1s relatively rare The accumulation of fuid m some of these soung
sters may be so marhed that they have been known to be admutted to
hospital wards as “nephrotics” {Fiy, 124}

In discussing the charactenstic features of actine cardiis 1 addition
o the speaific ugns of congestive fadure—endocardial, myocardial or
pencardhal mvolvement~the less specfic but nevertheless charactenstic
general signs and symptoms must also be mentioned  These children are
anxions fnghtened and perspuing they show shght perspherat ¢y anoss
which wnproves 1 oxygen The pulse 15 usually ramd and thready
although brady cardia has been found m 50 per cent of a scries of adults
with rheumatie fever ™ Dyvspnea orthoppea with flanng of the alze
nast 1s promunent

The elcctrocardiogram 15 a sensitsve index of actne carditis # The
changes may be transient, however and unless frcquent even dady
electrocardiograms are taken may be missed completely Prolongahon
of the PR mtersal (first-degree block) and the presence of the so-
called Wenchebach phenomenon (second degree block) (Fig 123} are
the wast ly mentioned ab: hities £ the p of a
prolonged P R snterial per se does not mean actie theumatic ferer &5
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Figure 125  Electrocardiographic changes in acute theumatic fever “ote 1 the
traung of February 1 1l e prolongation of the P R mtenval 1n the tracing of February 2
the Wenchebach phenomenon wath Jeft bundle branch block or aberrant mterven
tncular conduction

Many c1ses of impawed atrioventncular conduction reflect only past
rheumatic actvaty 1 others 1t may be congenital 10 ongin In this respect
2 trastent prolongation of the atnoventricular conduction time 1s more
suggestine of 1n actne process than 1s 1 permanent one We have even
seen second degree block persist through the years without any evidence
of active theumatic fever Tarin®* emphsized the importance of measur
ng the corrected Q T interval i cases of suspected rheumatic fever he
regarded a QTc of 042 second or more s defimte evidence of actne
carditis He also stated that with obvious carditis a QTc of less than 0 42
second probably mdicates pericardial mvohcment These obsemations
have been confirmed by Wood 3% but others have failed to find a huigh
degree of correlation between active carditis and QTe® 118 Nodalr
rhythm S T and T wave changes atnal fibnllation and bundle branch
block are less common evidences of active carditis Smnus tachycardia
1s the rule as mentioned with occasional mstances of normal rate or even !
sinus brady cardia

Chorea  In terms of immediate prognosis chorea 1s the most benign
of the rtheumatic syndromes whereas all patrents who die with acute
rheumatic fever bave carditis practically none has chorea There has
also been noted an bet the of chorea and the
other acute rh synd the i occurrence of poly
arthntis and chorea 1s practially unknown In spite of this there can
be Lttle doubt that chorea 15 one of the theumatic mansfestations since
according to vanous authors from 50 to 73 per cent of patients with
chorea exhibit other rheumatic mamifestations at some tume prior to or
following its appearance According to the well controlled senes of
Ash 13 about a thud of these patients have definite rheumatic heart
disease ten years after the onset of the chorea

St. Vatus dance 1s dulferent from the other rheumatic syndrontes not
only because 1t 1s a solitary event within the rtheumatic cycle but also
because of the absence of gencral signs of wflammon (fever leuko
cytosis) and of acute phase reactants {sedimentation rate C reactive

protewn)
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The occurrence of 1n antecedent mfection 1s more than usually diffi
cult to determme becawse of the  ue onsct of the discase Emotienal
disturbances are usually the first m rufestations The child most often a
garl between the ages of expht and twelve years becomes difficuit to Inve
wath She tonds to be extrumely moody and wntsble A school she can
not conceatrite at home she nfuses to do her chores She Sglis mees
santly sith hier sbhngs Parents and teachers alike resent her attitude
and pressures are put on This only aggravates the situation the changes
m mood become truly explosive

A few wechs after the gradual onset of emotional mstabiity mvolun
tary movements asc first noted They are quch and brusque and wmvobe
il parts of the body }ohmtary movements become difficult to execute
and bring on chorei twitchings The handwnting detenorates and
becomes almost ilegible Glasses and china are casily brolen when the
child helps with the dishes She cannot unbutton her clothes or lace her
shoes

Signs of 1taxia apperr The specch becomes shurred and gait hesitat
mg her movements lose all their grace and become jerky and angular
When sticking eut her tongue at the tume of the physical exammnbon
she jerks it back suddenly and spaps her jaws The tongue itself may
show hsstchangs and fibnilary motion

Euvrdences of weakness ocour Her grasp is hestating and unsus
tamed She cannot play her favonte games and becomes tred easty

All these uigns of weakness and locomotor ataxia may be Limuted
to one side of the body enly (hemuchorea)

Shen Mamfestations The rashes seen i patients with rheumatic
fever may include nonspearfic lesions such as urhcana petechnae and
crythema nodosum On the other hand erythema margmatum 1s for all
practical purposes a specific and mamn 1 of severe 1t
fever It conists of a cixanate macular and erythematous rash appearing
on the trunh or the extremuties but not on the face usually svm
metncalh distnbutcd and of sanying duration The typreal pattern
consists of a wavy thin red line surrounding an area of mtact shan about

1to2 om wnsize (Fag 5 p 13) There 1s no stchung or discomfort
assocsated wath it

Rheumatsc nodules are definitely a major and speafic mansfestation
of rheumatic fever Sumilar to erythema marginatum they occur almost
exclusniely m the severest types of rheamatic feser with carditis They
are never transient if untrcated thewr duration 1s from several weeks to
months They occur symmetnically singly or s clusters loosely attached
to joint capsules tendon sheaths or the penosteum They are freely
movable under the shin Most commonly they are scen over the jomts
scalp and vertebrae Imtially thev may best be discovered by lookang
for them m an mdurcct hight later they can be felt w ithout any dificulty
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‘They are not pamful or tender their size varies from that of a small pea
to a small \lmond (Fig 4 p 13)

Lpistaxis  Severe nosebleeds commonly occur i tcute rheumatic
fever although wethin the past decade thar ineidence at The House of
The Cood S1mmtan i Boston his defimitcdy been decreasing Repeated
nosebleeds m a cluld with rheumatic heart discase but without any
of the major mimifestations of the disease are not ¢ specially rare

Abdommnal Pan  Often the presentmg symptom of a patient with
acute rheumatie fever 1s abdommal pamn If this 1s accompiuued by
general signs of nflammation a ngid abdomen and nght lower quadrant
localization the differential diagnosis from acute appendicins may be
difficult sndeed If an exploratory laparotomy 1s done the perttoncum
will be found to be moderately mjected with swollen mesentenic glands
and a shght increase 1n the pentoneal find Acute appendicitis 1s the
admutting diagnosis i1 a number of patients with acute rheumatic
fever referred to our hospital

Pneumomae  Rheumatic pneumonit 1s rare and mdicates severe
rheumatic fever Furthermore 1t mav be mimpossible to tell m any gien
case how many of the signs and symptoms of pneumomtis are caused by
left sided congestive fatlure pulmenary hemorrhage secondary infection
or true rheum1tic granulation tissue

DifrerentiaL Discnosis

Jones 1n a histonic paper m 1944 ' sugpested definte diagnostic
cntena for theumatic fever Although later he stated that publication of
2 set of definite criterra nught introduce an element of unnecessary
ngidity nto the dragnosis of rheumatic fever stll for didactic purposcs
tlas represents 1n extremely uscful classiicition He divided the chnscal
syndromes nto two groups major and mior mamfestations The major
mamifestations were carditts chorea subcutaneous nodules and previous
attacks of rheumatic fever The mmnor mamfestations were fevcr abdom
mal pain precordial pain rashes epistaxis pulmonary changes anema
and high sedimentation rate later an elevated antistreptolysin O tier
was added to the hst Jones felt that the diagnosis of rheumatic fever
could be made with certamty if any two major or one major and two
minor mamfestations of theumatic fever were present The least speafic
of these combmations 15 the presence of arthralgia with fever and ele
vated sedimentation rate

Recently 1+ commutte of the American Heart Association modified
these cniterta 1 the following manner * major entena (1) carditis (2)
polyarthriis  (8) chorea (4) subcutaneous nodules (5) erythem
marginatum Mmor criterrn (1) fever (2) arthralga (3) prolenged

Jones Cntena (Modificd) for Cudance in the Diagnosts of Rheumatic Tever
Report by the Comanttce ont Stapdards and Cntena for Programs of Cave Curenlation
13617 1956
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Figure 126 Typical 10mt uwolvement of patient with rhenmatoad arthritss

P R intersal i the electroeard (4} 1 enthrocyte seds
mentation 1aie presence of Creactine protem or leuhoestosts (5) ew
dence of preceding beta hemohy e streptococeal wiection {8} previous

tustory of sh feves or the P of mwactne th heart
disease
Although in many the diuag of 7h f1c feier can be

made af the fime of the first viset in @ number of cases observation
extending to wechs or months w necessary before o defimte opmion can
be expressed On the other hand smce the advent of hormone therap)y
a number of wnesbgators especiath Massell * and tus associates ot The
House of The Good Semantan huve stressed the necessity of easly diag
nosis They bebeve that steroids m adequate doses admistered early m
the d before the advent of eardit y present the development
of salvalar deformbes Since among the fve major mamfestabions
arthralpa 15 the only one that 15 bhely to precede cardits by an appre
ctable mterval (chorea 1s usually not followed by casrchiis wathm the same
cyele and shewmatic nodules without casditss axe extvemely rare) a great
deal of emphass 16 placed on the ewly Wenbfication of arthrabs as rheu
watie Thus the presence of polyarthritis with signs of wammation and
an elevated antistreptolysn titer should be regarded as poma facie
evidence of rheumatic fever It i difficult to argue agamst the valdity
of thus concept i terms of diagnosis Howerer the therapentie imphea
tions to be drawn from it represent i my mud 3 much more contro
versial point

Probably alt chuldren i whom the diagnasis of cheumatie fever has
been made on the basss of the criterra mentioned well have the disease
‘The only exceptions are patsents havang othcr coflagen diseases which are
really cousws of sheumatic fever Rheumatosd arthntas or Stdls disease




140 ACQUIRED HEART DISEASE

should be mentioned 1n detm] Children with rheumatoid arthntis may
have exther no fever at all or 1 spihing septic type of temperature Even
1f the fever 1s high the patients are usually not sick 1n proportion to thewr
febrile response The joits involved are more commonly the smaller ones
(metacarpal or mctatarsal) or the unusual ones (sternoclavicular or
mandibular) The mflammatory process 1s not 1s punful as that which
we are accustomed to see in rheumatic fever the joints are tender but
not excructatingly so and are only moderately red The mvohement 15
more chronie with flud accumulation lasting for weehs and months
the same joint The ffected fingers assume a spindly ppearance (Fig
126) Cardiac mvolsement 1s rare 1f 1t occurs 1t 1s more hkely to attack
the penicardium and the myocardium leaving the endocardium intact
although aortic regurgitation may occur 1 adults Thus murmurs are
rather rare Pulmonary artenial hypertension ciused by pulmonary vascu
lar disease has been seen i patients with rheumatord arthntis Sple
nomegaly 1s fairly common Fleeting, rashes of the erythema multforme
type are seen momentanly erythemt marginitum 1s rarc Laboratory
tests reveal mild anemia marked leukocytosis and clevated sedimenta
tion rate The antistreptolysin titer may or may not be elevated

As cn be seen from this brief description the border betwecen
rh d arthntis and rb 1¢ fever 1s not sharp It 1s my personal
belief that they mav represent different host reactions to the same insult
everyone who has dealt with this problem to anv extent has had the
expenence of seemg 1 patient with a clear cut diagnosis of one of these
conditions turn into an equally charactenistic picture of the other Never
theless from the practical and prineipally prognostic viewpoint the two
entities should be kept separate It may be smd that rheumatoid arthntis
1s chronic jomnt disease without verrucose endocarditis

d Jupus eryth and penarteniis nodosa should

also be mentioned as members of the collagen disease group m which
widespread visceral and vascular lesions dommate arthntis and carditis
playing only minor roles

A list of the refernng diagnoses of patients who later tumed out to
have defimite rheumatic fever may gne some 1dea of the other problems
in differential diagnosis No detuled description of the distinguishmg
ponts will be given simply thinking about the entittes will serve the
purpose appendicttis poliomyehtis toxic synovitis osteomyelitis nephn
tis leukemua tuberculosis nd septicemit

Counsk AND ProGaosis

Rheumatic fcver 1s a cyche discase Both the gencral sipns of i
flammation and the specific syndromes may w ix 1nd wane through weeks
months and perhaps years Individual eycles are usually three to six
weehs apart Between these although the disease scems quiescent the
sedimentation rate stays hugh no sigmficant weight gam occurs and
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1000 Pat nts
Tasts ¢ A7 Nekhartd ase 653 H art s ase
20ycars /7w Bout | 3/7wath 10 | 1/6wsthout | 2/6with | 3/6
{aliow up heartduetse | heartdisease | died | heart discass | heartdiscase | died

Frure 127 Trognoss of acute thouunitic fser (FromBE 1 Blandand T D Jones
Rhewmatic Fever and Bheumatie Heart Discase A Twenty Yoar Report on 1000 Patsents
Fallowed swce Chidhoad Crrculation Val 4 )

anenua persists The patient does not scem to be quite himself and the
sleeping pulse rite may be high It takes several mouths before one con
be entirc]y certamn thit the discase has subsided There 1s no sngle
cnterion to mdicate when the acute attack has ended Most centers
taking care of large numbers of rheumatie patients require that a num
ber of entena be satsficd before they announce the process as bemg
arrested The pnnapal reguirements are as follows (1) no evsdence of
major mamsfestations of rheumatic fever (2) no signs of wflammation
(3) satisfactory weight gam {4) normal erythrocyte count and hemo
globm and (5) general sense of well being good disposition and good
appetite

Wath the termmation of the acute attack whatever endpoint one
may use the question of recurrences and uibmate progaosis should be
considered The figures publshed by Bland and Janes from The House
of The Goud Swumantan reffect the history of this disense as seen
Boston between 1920 and 195037 19 The conclusions based on this
twenty year follow up of 1000 patients should not howesver be taken as
an mdication of what the outlooh 1s now or what 1t was fifty years ago
The seventy of mdnidual attacks has shown a definite dechne withis
the past hnlf century and the number of recurrences has been hept
consderably Jower within the past decade The followmng data on recur
rences and long term progooss are based on the Sigures of Bland and
Jones

The nuwmber of recurrences 1 thewr study depended a great deal on
the ime which had elapsed after the frst attack During the first five years
there was 2 20 per cent probabahty for recusrence dunng the second five
years the fgure dropped to 10 per cont dunng the third five years to 5
per cent and finally between Hitcen and twenty years after the enginal
attach only 14 per cent had yecurrences

The long term prognosts in the 1000 cases revewed by Bland and
Jones 15 summanzed m Figure 127 At the end of the first attach of
theumatic fever 65 per cent of 1000 pauents had defintte rheumatic
heart disease Of these cluldren with deSnte heart disease a thied died

'
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within the first ten vears and another sisth durng the next ten yea
To put 1t m another way half of those who emerged from therr £
attack of rheumatic fever with heart disease were dead twenty yes
later Most of these deaths occurred within five years after the wut
attack Ash stated ¥ 1n fact that more clildren die within the first ye
of therr discase than n any subsequent year

In contrast to the poor prognosis of the group who acquire hea
disease at the ime of their first attack stands the favorable outlook of tl
35 per cent who escpe manifest cardiac damage mitially Of this grot
of 347 patients none died as a consequence of theumatic fever or rhe
matic heart disease 1n the next twenty years

Reviewing these mortality statistics according to specific rheumat
syndromes 1t becomes obvious that gross cardiomegaly and congestr
failure have the warst prognostic imphcations 70 to 80 per cent of tt
patients with these conditions died within the first ten years In contras
only 12 per cent of the children whose mmtal syndrome was chore
died withmn the same period

The cause of death was acute rheumatic fever and congestive failw
1 80 per cent and subacute bactenal endocarditis m 10 per cent of tt
cases

Of the total 1000 pahents about 650 were stll alive twenty yea:
after the mitial attach and three fourths of these were able to lead
relatively normal exstence

Somewhat less than half of the survivors (316 patents) had n
residual heart disease at all Two thirds of these were patients wh
escaped from their first attack without heart disease however a third ¢
them (108 patents) were thought at the end of their first attack to hay
definite evidence of rheumatic heart disease on the basis of apieal sy:
tohe or mid diastolic murmurs and even an occasional istance of faix
aortic regurgitation In Ash's series’® a carefully executed follow up stud
mdicated that about 10 per cent of the survivors of acute carditis aboy
50 per cent of the survivors of polyarthntis and 68 per cent of th
survivors of chorea had no residual heart disease ten years after the onse
of rheumatic fever

Of the 850 patients in Bland and Jones senes who sunvived tuent
years 383 had definite rheumatic heart disease The majonty of thes
had acquired heart disease during thewr mitial attack However abou
150 of them mostly patients with chorea had not had heart diseas:
mtally m these mtral stenosis developed msidiously without over
evidence of recurrence through the years

TREATMENT

Until the last four or five vears no speamfic treatment for acutc
theumatic fever was available There 15 still no unammuty mn regard to the
effectiveness of vanous drugs on acute rh fever but an
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number of chnierans believe that the course of the disease may be sig
mficantly mfluenced by a number of therapeutic agents The use of
P

saheylates gestive measures and other therapeutic
approaches will be diseussed
H The & by Heach and lus assocsates ™ 10

1949 of the benefianl effects of ACTH and cortisone therapy on patients
wath arthntis and other hvpersensitinity states rased the hope that a
cure for theumatie fever might be t hand

Ir order to make a scientific eraluation of the effects of the hormones
on acute rheumatic fever a combined studs group was organized m the
Umted States Canada and Great Bntamn This group included most of
the hrge conters for study of sheumatic diseases m the respective coun
trses and employed the talents of fisst rate imestigators and a host of

A ngid schedule for case sell dosage and length of

treatment was set up Within 2 relatnely short time 300 cases were
collected a third of thise patients were treated with aspinn another
third with ACTH and a fnal third with cortisone The three groups
were selected 1o such a fashion that ity sigmficint
could be made

A detailed report of this study bhas been published recently **
mdicating that there was no statistically significant difference w the
vesults of the three plans of treatment Aspmin seemed even shghtly
more beneficial than the hormones and the pendulum swung anay from
hormone treatment

While alf this was gomg on members of the study group made thesr
own observations wathout the aid of IBM machines Other wmnestigators
throughout the Umted States Canada and England drew their own con
clusions without statisicans as doctors have done smce tume mnsme
monal The almost unammous conclusion was that, from the chnacal
viewpoint the hormones were immensely useful indeed Though nobody
could say with certunty that ressdual heart disease was less hkelv to
develop m the honmone treated patients almest eserybody folt that the
sichest patients the ones with pancirditis and congestive fasure were
much mose hkely to recover with the use of fhe new agents than they
would have been under the old tréatment plan Theze also seemed to be
unquestonable and starthng effects on fever sedimentation rate poly
arthuhs  pencarditss subcutancous nodules and  electrocardsographic
changes No significant effeets on chorea of erythema margimatum were
noted The survey of the mdependent obscrvations to date on the treat
munt of acute theumatie fever with hormones has been admirably sum
manzed by Masselt -3¢

The opmnion of most ohscrvrs today 15 that hormoncs are a useful
tool t the treatment of acute rhcumatic feser Obwsously they are not
the whole answer to the problem but the chmeal impression preyvails
that the sichest children are much more hhely to recover with hormones
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than they did before the advent of the sterord era The conviction s
growing also that the disappomnting results of the combined study may
have been due to late admimistration of probably mnadequate amounts
for too short periods
On the basis of our own eaperience at The House of The Good
Samaritan and the data presented in the literature I believe that the
sichest children wath rheumatic pancarditis and congestne faillure the
group which showed an 80 per cent mortahty m Bland and Jones
series 7 181 have an excellent chance to survive with the ud of hormones
today I do not eapect that the hormones will eliminate existing heart
disease I do believe however that there 1s good circumstantial evidence
that hormones given early enough long enough and i adequate doses
may suppress the inflammatory process in the heart to a sufficient degree
to prevent the development of valvular damage Massell 3 and his asso
ctes demonstrated 1n 1 convineing fashion that rheumatic nodules not
prmcipally different from rhcumatic granulation tissue elsewhere dis
appear rither rapidly under the nfluence of cortisone or ACTH Thus
1t does not seem too farfetched to assume that this may happen in the
heart as well if ureversible scunng has not yet taken place
For these reasons I would consider the presence of severe pan
cardiis with congestive fallure a defimte indication for the use of
hormones In this situation they may be hfesaving and I would not
withhold them A less definite but probably valid mdication for the use
of these agents 1s the presence of 2cute rheumatic fever with meiptent
cardiis (murmurs electrocardiographic changes cardiomegaly tachy
cardia) but without congestive failure In these patients if hormone
therapy 15 started early one may expect that evidences of carditis wall
be quickly suppressed the deselopment of valvular damage will be pre
vented or mmmmzed and the length of hospitahzation will be shortened
It 15 my personal belief that one 1s fully justified m using steroid treat
ment for these types of patients but I am aware that this belief 15 based
more on faith and impressions than on factual data
For a third group of patients those with acute rheumatic fever
without chnical evidence of carditss I do not feel justified at this ime m
recommending hormone treatment According to Bland and Jones 37 181
two thirds of their patients without imitral carditis did not exhibat heart
disease twenty years Jater The pattents i Bland nd Jones group by
virtue of the fact that they were rcferred to The House of The Good
Samantan must have represented a collection of more senously il
children than the ones the pediatnician s Iikely to see i us prvate
practice 1f heart disecase did not develop in two thirds of these patients
who were perhaps relatively sicker than the average and who did not
L‘Her bencfit from clumupmph)lms one 1s scarcely Justificd 1t this pont
for the average patient with acute
rheumatlc fever who does not hive cardiac invohement It scems to me
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Toble 9 Dosage Schedule for Sterod Treatment of Acute Rheumatic Fecer

T Da 1; Do
n
Perod f Freat 2 nt
2Dy Metwcorten Oral Cartusone
Orer 40 1bs Undes 40 Ibs Ouer 40 ibs Under 40 Iy
21 0 49 300 200
7 50 335 250 175
7 45 30 225 150
7 0 25 200 125
7 35 20 175 100
7 30 15 150 75
7 25 10 125 50
5 2 3 we 25
5 15 25 75 1.5
5 10 50
6 s 25

that more careful studies an the subject must be made before all rheu
matie fever patients urespechine of cardms cin be treated with hor
mones In pihents with chronic fever the
bhe amything else araslable at this time are probably of ng use

Treatment should start carly there 15 considerable evidence that
trestment wnstituted shortly after the mmtual attack has a much better
chance to succeed than treatment admumstered later Dosages should be
huigh and should last for at least twelve weeks A teptative schedule for
cortisone and Meticorten used presently at The House of The Good
Samantin s maluded m Table 9

A useful adjunct m the h of acute th tie fever
s caxeful control of the fud wtabe to ne more than 1000 cc per day The
diet should contain no more than 50 to 100 mg of socium chlonde daly
Potassium chlonde in doses of 1510 2 gm should be added to the diet
Vagorous especially s and digstahs
should be used if caugesh\e falure 15 present Antibiotes probably
perrcallin or one of the broad spectrum drugs should be adnumstered
to guard agamst f and to
present 1n the pasopbarynx

There are definste drawbaeks and dungers to hormone treatment
Cushungs syndrome (Fig 128) with considerable weight gam wili
desclop in all patents treated according to the schedule proposed Ths
will retrogress m almost all cases but it 15 an unpleasant sight while 1t
lasts Serere aene way develop m the ACTH treated group In some
patients sigmficant artenal hypertension develops to the eatent that treat
ment caunot be completed Glycosunia may appear psychoses although
not common o children do oceur The fiud retention imherent 1n steroid

any
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Figure 128 Patient with fully developed Cushing s syndrome

treatment may prove to be disastrous to patients with congestive failure
unless the beneficial effects of the hormones on the myocardium com
pensate for this

One further drawback to hormone treatment 1s the development of
the 50 called rebound phenomenon This consists 1n the appearance of a
flurry of signs and sy mptoms of activity when hormones are discontinued
There 1s no good explanation for this phenomenon The only way 1t can
be differentiated from true return of rheumatic actnaty 1s by obsersing
the patient for 1 few days perhaps for a week At the end of this period
the festations of ret 4” should

Salicylates  For many ycars salicylates have been admxmstercd to
achieve symptomatic rehef 1n acute rheumatic fever About ten years
a0 Cobum®® attempted to prove that mtravenous admumstraben of
salicylates 1n doses raising the salicylate level to at least 30 mg per 100
wl of blood influences the course of the disease itself This thought
although alien to the thinking of English and Amencan physictans has
becn widely aceepted in Europe for a considerable time There 1s still no
conclusne proof of the therapeutic effect of salicylates in rheumatic
fever there 15 no question of their value i symptomatic management
However Cobums data and the results of the combined study ** suggest
that these agents are therapeuticilly effective The consensus today 1s
that when sahcylates are administered they too much like the hormones
should be given n large enough doses for a long enough tine

The dosige used today at The House of The Good Samantan 1s 1
gram (006 gm ) per pound of body weight per day i four to six divided
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doses The total dose should not eaceed 10 gm per dny This dosage
should be continued for at least two weehs when gradual tapering off”
may be duced Salicylate should be continued however
for at least six weeks or until all signs of activty have disappeared
When saheylates are admmistered 1n Inrge doses vitamin C and vitamm
K should be grven stmultanecously to prevent hemorrhage If evidences of
salicylate ntoxication appear the dose may have to be dimmshed or
the drug entirely discontinued Amony, the salicy late preparations aspinn
seems to be as effectine as any The enteric coated tablets of sodum
salicy late are palatable but thewr satisfactory absorption cannot always
be assumed

Salicylates are the drugs of choice todav for patients having acute
rheumatic fever without carditis except 1n cases of chorea in which
even symptomatically they are not cffective Whether salicylates should
be used wmn addition to hormones m patients with severe carditis 1s
debatable

Anticongestne Measures  The general ponaples of manmgement
of congestive falure will be discussed m a separate chapter (sce p
242) Rheumatic fever patients tn congestie fmlure should recetve antt
congestiwe drugs tn addition to sterowds n essentually the same fashion
as do other patients with congestive failure

A great deal of controversy surrounds the use of digitalis i rheu
matic carditis Much of the argument centers around the pont that a
certam number of patients with acute rheumatic carditis die when
digitalis 15 admimistered to them 303 3%% Often 1t 1s forgotten that some of
these patients are extremely sick and might die irrespectne of the
treatment I believe that cautious electrocardiographically controlled
admimistration of digitalis 15 an extremely useful tool in the treatment of
congestive failure associated with rheumatic carditis Of course 1t must
be remembered that these children may be eatremely sensitive to the
ghcoside and doses smaller than those usnally given will he optumal
1n their treatment It also should be pomted out that potassium depletion
may develop m panents treated with corticoids especrally 1f mercury

1S ly and p mtake 15 low 1t 15 well
known that d\gxtonm\y 15 more prone to develop m patents with low
serum and ntracell levels 3 C quently if digitalis

1s given to a patient treated with sterods an adequate potassium intake
must be assured
E;

of the § The strep carner state
can easily be treated with pemalln Oral administration of one mullion
umts of pemerlin per diy m four divided doses for ten days or the
\ntramuscular jection of 600000 unts of depot pemaillin every other
day for four doses accomplishes the purpose i practically all mstances
After the eradlcanon of the streptococcus pemmlhn prophylaxis should
be started are app ly relatnely meffec
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tive n the treatment of streptococcal infections, although they may be
used effectively for prophylactic purposes

Bed Rest For the duration of active cardiis bed rest must be
absolute the chuld should be fed and washed and must use a bed pan
After subsidence of evidences of carditis the patient still must stay n
bed but may be allowed to wash and feed lumsclf Bathroom privileges
are first grven when all climical end of activity di Gradu
ally after all the laboratory and chnical evidences of activity have
substded the patient may be allowed out of bed for sescral hours a day
The mmmum amount of time to be spent m bed for any patient with
2cute rheumatic fever 1s probably two months No patient with carditis
should get out of bed for at least four months should return to school
for six months or should resume full actiity for a year Prolonged care for
this length of time usually 1s best accomphshed m ~ rheumatic fever
convalescent home

Diet  The use of salt restriction 1n the diet of patients with conges
twe failure and those under fiormone treatment has already been men
tioned Durmg the feverish stage children do not want to eat and they
are better off with a liqud carbohydrate diet When the fever has
subsided especiaily if they are under steroid treatment the ppetite will
wnprove They should be gnen a diet lugh in protem carbohydrates
and vitimin C The appetites of some of the hormone treated patients
are perfectly astounding

ProriciLaxis

The use of chemotherapeutic agents for the prevention of rheumatic
fever 1s predicated on the of twop one 15 the etiologic
role of group A beta hemolytic streptococer the other 1s the significance
of the number of recurrences 1n the prognosis of rheumatic fever If
as most people are willing to accept today recurrent rheumatic fever
damages the heart and if recurrences are dependent on the presence of
hemoly tic streptococer then 1t seems Jogical to try to prevent strepto
coceal infections thus avoiding rh and i
further cardrac damage

I believe there 1s hittle argument agamst this type of theoretic rea
soning However considerable controversy surrounds two pomnts about
the practical apphcation of these principles One concerns the duration
of chemoprophylaxs and the other the use of prophylactic measures in
patients with throat nfections who have not previously had rheumatic
fever

If the figures of Bland and Jones®" **! regarding the relationship of
rheumatic reeurrences to the tune elapsed since the orginal infection are
valid there scems to be no good reason to admumster chemoprophy laxis
fonger than ten years after the first attack Nevertheless even if no more
than 8 per cent of the patients have recurrences after ten years 1sat not
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worth preventing those? All that one may say 1s that every physician
must mahe an mdividunl decision m regard to each patient There 1s a
psychological pont m the hfe of many patints at wiich getting nd of
pills” may be worth nshing somcthmg, m terms of rheumatic fever
Others do not mind taking medicition ad mfimtum Fortunately for the
pediatrieran this deeision must be made by the mtermst m most m
stances As far as pediatnicians are concerned amvbodv who has had
acute rheumatic fever should be 1 ] agamst strep fi
throughout chldhood probably for at least ten years

The second controversial pont concerns the treatment of sore throats
1n patients who have not had a previous attack of rheumatic fever Every
pediatrician sees or talks on the telephone to the parents of hundreds
of children with sore throats wath or without fever Ido not beheve that
for practic1l purposes 1t would be feasible to treat all of these for ten
days with penicillim The patients patience the druggists bill and the
psychological havoc are all imiting factors A little common sense 1s
eatremely useful in this type of situation Factors favoring the use of
chemotherapy with ordinary sore throats are (1) famly history of rheu
matic fever (2) evidence that the throat mfection 1s streptococcal m
ongm (positive throat culture presence of exudate fever leukocytosis
cervical lymphadenstis) and (3) crowded hving conditions that 1s
boarding, schools army cimps and so forth If none of these situations
exists I do not recommend that sore throats should be treated with anti
bactenal agents

One further pomnt should be disposed of briefly It has been stated
and I could scarcely disagree more strongly that all febrile allnesses at
their onset should be treated with pemaillin as a sort of dragnostic pro
cedure If the fever subsides withm twenty four hours it was probably
due to the hemolyhc streptococcus thus according to this Itne of reason
mg the pentallin should be continued for ten days If the fever does not
disappear I presume one ought to call a doctor to find out what 1s the
matter with the patient

Any pediatnician knows that fevers of upknown ongmn and of no
particular consequence make up a vast majonty of his dadly practice he
also knows that bed rest flinds and mild antipyretics will Leep the situa
tron 1n hand 1n most instances Although 1t has to be granted that an occa
sional case of rheumatic fever may result from this sy mptomatic regimen
1t still seems to me the sensible course to follow because of the relatine
ranty of the disease and the untold psschological economic and even
physical damage that would inewtably follow the contmuous use of
pemallin

The drug of chotce m chemoprophylaxis at present 1s pemailhn If
a suspicron of acute streptococeal infection exists the treatment schedule
previously outhned for eradication of the streptococcus cammer state
should be used (see p 147) This schedule should be followed by the
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prophy Jactic schedule The lest way to ad: prophs laxis s to
gne the oral tablets 100000 units three times a day or 200000 umts
twice 1 dvv Monthly mpctions of 1 depot bpe of pemaillm (Brein)
have also been advocated but the Jocul retctions scem less than com
pleteh favorable

Instead of pemicillin sulfonamides may be used for prophylavis but
not for treatment of streptococca) infections

Results of large scale carefully controlled mvestiations have shown
the effectiveness of both pemcln and sulfonammde prophslaws 183 195
10 18 34

Recurrences of rheumatic fever in the groups usig prophy laus were
about « tenth of those occurring 1n the contral group or even less

The heation of stref fe was eqully starthng
Vel contralled studies have proved without any doubt that adequate
treatment with pentcillm not with sulfoninudes at any stage of the
streptococcal mfection helps to prevent the occurrence of acute rheun
matic fever 3 The earlier the treatment the better the results will be but
recent studies suggest that vigorous treatment with pemaillin started as
late as mmne days * atter the onset of illness stll will result m 4 sig
nificant decrease 1in the number of patients with acute rheumatic fever

RHEUMATIC VALVULAR DISEASE

It mav be possible for the internist to separate a chapter on rheu
matic fever 1nto two dnisions one dealing wath the acute attack and the
other with the mechamical consequences of rheumanc fever thatis rheu
matic valvular disease Histologie studies showing Aschoff badies m the
left atral appendage in patrents undergomng mitral commussurotomy 33¢
howcver strongly suggest that Jow gride actve disease may be present
even 1n adults without chnical evidences of rheumatic actnaty

In pedatrics 1t has long been known that every cluld having sympto
matic rheumatie valvular disease should be strongly suspected of having
some degree of activity  This 1s obviously not the case in all mstances
but the burden of proof 1s on the physician who says that the rhenmatic
process 15 totally nactive m a child who 15 symptomatic with theumatic
heart disease Consequently 1t secms wiser to discuss the entire rhen
matic heart diserse problem under one heading In the following pages
wmdnidual valvular Iestons wilf be discussed as if they represented the
only pathologic condition present 1lthough the presince of acute
rheumatic fever cannof in most wstances be excluded wath certainty

DISEASES OF THE MITRAL VALVE
Evidences of mitral heart disease are obtuned through auscultation
1o most mstances It us usually assumed that sigmificant murmurs hewrd

maxymally at the apex of the heart are referable to the mitral valve the
assumption 15 2lso made that 1f no musmurs are heard at the apex, the
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mutral valve 1s intact Although s will be sean fatar eaceptions to these
rules exst stll by and luge they do hold truc The mitral v the alone
or m combmation wath nortic vabvelr disewse 15 mobved 1 about 86
per cent of the patients with theumatic heart discase

According to the studies of Bland and Jones 47 ¥ 3t muy be sud
that evidence of nutral heart disease appeanng durmg W attack of acute
rheunnitie fuver means pormanent i olvement of this vahe m about 75
per cent of the cses

Matral Stenogis

Mitral stenosts 15 the most common smgle vahular Jesion develop
mg as a consequence of rheumatie endocwditts Women are more com
manly affected than men The disease is rure wm children At Jeast two
but probably more years wre needed for its development A conmiderible
number of pitients with no evidence of salvular involvement 1n the acute
attack will hive mitrdd stenosis ten to twenty vears later The stenoas
m1y sary from onhy sh. bt naowing of the onficc (mutrad vihe aren
of 201025 5q em ) to a calaified buttonhole stenossis {mitral salve arex
of05t0 10sq cm )} Inchildren cdafication s extremely rire although
severe Stenosis My accur

Psionocy

The principat hemody namie dafficulty m nutral stenosts 1s the
position of a barmer betseen the Jeft atrsum and the left ventncle
iastole The basic bemodynamic prinaples have been well worked out
by Dexter Gorlin and thew assocrates 13 74 43¢ Thes physiclogie studies
demonstrate that i order to overcome the obstruction 4t the site of the
matral vafve the pressure m the left atrium g tmscd :md a gradxem
between left atnal mean and left v e
established This elevated left atnal pressure s seflected m s the hxg,h

“pulmonary capllary” pressure ot d at cardiac catt This
type of may be i satisfrctory for mnav vears

With the progression of the stenosis however compheations mav
artse from several directions Fisst the left atrum mns not be ble to
overcome the increasmy, resistance offered by the mugril vabe and thus
the carchae output denshes Second by tryng to overcome the bloch
feft atmal and pulmonary capuilary” pressune ¢ sased often to 2 lendl
{more than 253 mm of mercurv) at which pulmonary edema may result
Figatly the mereased “pubmontry capullan” pressure may stmulate pul
maonany vasculw obstructon on w organte or reflex basis and thus pal
monuy artenal hypertension and pght ventneubr fulure may result
At nght heart cathetunzation pitients with muld deprees of rmntrad
stenouts show hittle that 15 "bnormal With mereasmg severity of the
disease the following changes may be noted  “pulmon wry capithry  pres
sure mcreases pulmonary artersal by pertension occurs on exeresse later
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even at rest cardiac output drminishes as the systemic artenovenous dif
ference ncreases later the cardiac output becomes fiaed and finally
night ventriculr end diastolic pressure mcreases and nght sided con
gestive farlure 15 present

CriNicAL PICTURE

The first heart sound at the apex 15 accentuated The second sound
at the pulmonary area 15 Joud only if pulmonary arternal hypertenston
1s present An opening snap (Fig 101 p 100) corresponding to the
opening of the mutral valve 1s commonly audible A low frequency
rumbhng mid diastohe murmur 1s audible at the apex with the progres
sion of the disease this murmur etends further and further into diastole
finally occupying presystole (Fig 96 p 97) where 1t assumes a cres
cendic fi This dic apical presystolic murmur often
accompnied by a thnll 1s the pathognomonic auscultatory finding
m rheumatic mitral stenosis Occasionally rarely i children a short
high frequency early diastolic blow can be heard over the pulmonary
area (Graham Steell murmur)
Obs1ously not all these phenomena are present in all cases At the
onset of mitral stenosis only a Joud first sound at the apcx may be audible
at rest This should arouse suspicion if the patient has a history sugges
tive of rheumatic fever Having the patient exercise turming him in the
left lateral poation and bistenmg with an open bell stethescope may bring
out the diastolic presystolic murmur Later wath the development of
atnal fibnllaton the presystohie crescendic murmur always disappears
thus furmishing conclusive proof that when present 1t 1s due to the
forceful atrial contraction squeezing blood through a tight mitral opening,
The rest of the physical examination 1s less specific Patients have
Ingh color characterishically a malar flush with suggestion of penpheral
cyanosts 1s desenibed Probably this 1s due to the low eardiac output and
the lugh oxy gen extraction m the capillanies I eft chest deformuty usually
1s not marked The cardiac 1mpulse 15 of night ventricular character The
pulse 15 usually small and shows a nirrow pulse pressure
The electrocardiogram m pure mitral stenosis of some seventy shows
nght axs deviation vestical heart and nght ventncular hypertrophy In
adults more than forty years old or m children with active carditis trial
fibnllation frequently occurs If P waves are present they are commonly
abnormal Their abaormalitics consist m an ncrease i height and width
in the standard Iimb leads occurrence of diphasic P waves m lead Vi
and flat topped or notched P waves m leads 1 and II
The radiologic appearance of mitr 1l stenosis 1s charictenized by evi
dence of left atnal enlrgement (Fig 129)

\ost of the so called complications of mutral stenosts arc seldom if
ever scen 1n children Hence they will be mentioned only briefly (1)
Atnal fbrllation presumably the cffect of overdistention of the left
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*

Figure 129 Radiograms of patient with mitral stenosss

atmum oceurs {requently in patients more than forty years of age 1€t
15 observed wn cluldren or adolescents st almost mvaxably means actve
cardhtss (2) Hemoptysis is the result of mfarckon or pulmonary capitlary
ohstruction Oceassonally hemoptysis occurs 1 very sick patients wath
acute carditis and “rheumatic pneumenia® {3) Bactenal endocarditis
always should be thought of w conjunction with rheumatic heart disease
but actually 1ty occurrence s rare 10 pure matral stenonis especrally
chuldren
Disrenenriat Discrosts

Mitral stenosis 1s usually easy to rccognize m children 2 recent hus
tory of rheumatic fever can be obtned more frequently than sn adults
and a good mud diastolic presystolic murmur 18 prescnt almost without
exception

For practical purposes the ounly problem in differental diagnosts
13 presented by other conditions which gine nise to apieal diastalic mur
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murs Among these should be mentioned acute rheumatie carditis with
out orgamic stenosis the Austin Flint murmur of aortic regurgitation
and congemtal heart disease with left to nght shunt especially atmal
scptal defect If one remembers that st takes a considerable amount of
time for orgamc mtral stenosis to develop then the apieal diastohe
murmur appeaning within the frameworh of acute carditis can be rec
ogmized as probably representng a  functional” musmur The Austm
Fhnt aprea) presystolic murmur associated wath aortic regurgitation ts
almost mmpossible to differentiate from the murmur of true matral
stenosis except by thinking about 1t in pattents with free aortic m
competence The apical diastolic murmur of the left to nght shunt
group may also be hard to diferentiate from that of mral stenosis
The presence of real presystolic nccentuation 1 diastohe thull an
opening snap and a loud first sound favor the diagnosis of mutral
stenosis whereas a low frequeney murmur wathout thnll occupying
early or mid diastole m a patient with marked pulmonary vascular
engorgement favors the dignosis of congemtal heart disease with a
left to ight shunt In the latter group if mcomplete right bundle branch
block 1s present m the electrocardiogram atrial septal defect 1s the
bhelv diagnosis

QOne further pomt to be mentioned m the differentral diagnosis 1s
the separation of congemtal mutral stenosis from mutral stenosis of
rheumatic ongmn This can be done onlv on the basis of age 1f muteal
stenosis occurs m an nf mt or veny young cluld one must assume that
1t 15 of congemtal ongm

Course anp ProcnosIS

Chuldren with matral stenosis unless they have acute carditis arc
usually asvmptomatic In rare untances they mav show some fatigue
and exertional dyspnea According to Gorhn and lus associates 14 the
clinical picture of 1dvanced mutral stenosis as seen principally 1 adults
1s the result of an mterplay between the narrowmg of the vahe the
pulmonary vascular obstruction consecutnve to it and the state of the
myocardium Patients 1n group I those with the mildest stenosis have a
mitral vabe arca of more than 15 s cm and normal pulmonary
vascular resistance and show only shght if any dyspnea on excrtion
The cardac output of these patients 1s withm normal himts at rest and
exeraise Patients m group II are characternized by a vahe area of 10
to 15 sq em and reltisely normal vasculr resistaince These patients
hase respiratony svinptoms some dyspnet on exertion paroxysmal noc
turnnl dyspner and hemoptysis The cardiae output 1s normal at rest
but docs not risc sufficientlv on exercisc  Patients m group III hme
sevare mitral stenosis (valve area of 05 to 10 sq em ) with moderately
inereased pulmonarv vascular resistnce and an impured myocardium
Although these patunts show considerable dyspnea on exertion or
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strenuous exerase therr man trouble 1s weakness tredness and easy
fatigabibty  The cardirc output 1s low normal at rest wnd prictically
fixed on waercise Funlly group 1V 1s made up of patients with marked
mutral stenosts {(valve area Iess thw 05 3q em ) considerable increase
m pulmonary vascular resistince  poor myocirdium wd fixed low
cardine output These pitients have dvspnea at rest gross cardiomegaly
and nght ventricular falure

The outlook for patients with asymptomatic mutral stenosis depends
on the presence or absence of recurrences diet crowding and chmate
and genetic factors On the whole the prognosis of pitients with mutral
stenosts 1s perhaps less favorable than that of those having mitral or
aortic regurgitation the average age at death 1 a series m which
chemoprophylaus hnd not been used was betwcen thirty five and
forty five years ¢ In fact Bland and Jones Bgures suggested that many
palients die 1n acute carditis \Most of the deaths in thewr series occurred
within five or ten vears after the imtial attack most of those who
sunived the fitst ten vears were stll alne twenty years after thewr
first attack

TREATMENT

The treatment of mutral stenosts consists of three prncipal parts
The most important of these 15 the prevention of recurrences by means
of chemoprophylavs

The second therapeutic mensure 1s the surgical correction of the
stenosis by mutral valvuloplasty © ' ® Probably this is not necessary n
the vast majonitv of chuldren it should be adsocated only if one can be
certan that the svmptoms are due to orgamic mtral obstruction rather
than to myaocardil factors One must also be sure that severe organic
mtral stenosis and not combined salvular lesions with or without
active rheumatic carditis 1s the principal cause of the patients difficul
ties A few successful cases of mutral surgery in youngsters between
twelve and fourteen vears of age have been reported in the Iterature 8
We had two patents less than fifteen vears of age who underwent
mutral valve surgery The indications for surgery are (1) defimte and
progressive dyspnea on exertion (2) attacks of pulmonary edema and
(3) paroxysmal dyspnea with hemoptysis

The pahents who benefit most fmm the vanous surglcnl procedures
are those 1n whom the pred flicultv 1s 1 1 bloch at
the mutral valve !¢ These patients may be recoguized physiologically
by the presence of a low fixed cardiac output and pulmonary hyper
tension with a sigmficant nse on everaise Conversely patients with
equally severe symptoms and chmical signs of mtral stenosis i whom
the main dificulty 1s the meffi of the d fal to respond
well to mutral valvotomy these patients also have a low and fixed
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cardiac output but do not have significant pulmonary hypertension
at rest or on exercise

The techmical aspects of mitral commussurotomy or valvuloplasty
have been desenbed adequately 1n many publications ® !¢ The over all
mortality figures vary according to the conditton of the patient the
accuracy of the diignosts and the shil of the surgeon On the whole
a mortahty figure of about 1 to 5 per ccnt mav be quoted for patients
without congestive failure whercas the others entail a 20 to 25 per cent
mortality sk The cause of death i1s mostly embolic and not congestn e
falure Among the postoperative complications should be mentioned
i addition to embolism the so called postcommissurotomy syndrome 316
Thus peculiar cychc disease occurnng 1 15 to 20 per cent of patients
after mitral commussurotomy consists of fever chest pun pneumomtis
and cardiomegaly 1t 15 said to be due to reactnation of rheumatic
fever this 1s a possible hypothesis not a statement based on unassail
able facts

The patient who survives the unmediate postoperitive period and
15 kept on a strict medical regtmen for a few months mecluding prophy
lactie chemotherapy and the judictous use of anticongestive measures
usually mmproves More than 60 per cent of the survivors report consid
erable symptomatic rehef not always documentable by physiologie
observations the expl 1on of the d pancy between symptoms and
physiclogic data belongs in the realm of psychosomatic medicine rather
than m pediatric cardiology In five year follow up studies 1% late
deaths occurred i less than 5 per cent of the cises reoperation was
necessary an only a few patients

The final d 1 the of mutral stenosts 1n chil
dren are the assurance of good dental hyglene adequate diet and a
sensible attitude toward the disease

Matral Regurgitation

If the presence of a “sigmficant apical systolic mwmur may be
taken ns defimte evidence of mutral regurgitation then it must he
present m almost all cases of acute rheumatie carditis As 1 matter of
fact without the prescnce of an apical systolic murmur the dingnosis of
rheumatic carditis rests on tenuous grounds mdeed About two thirds
of the patients who m therr acute attack show auscultatory evidence of
mutral regurgitation will have defimte miril ncompetcnce twenty
years later That mutral regurgttation as an wolated rhcumatic valve
Jeston cassts 15 suggested by the auscultatory findmgs in chronmic theu
matic heart discase and 1s supported by the observabions of surgeons
whose palpating ogers m left atnal esploration occisionally cncounter
a regurgitant jet without evidence of mutral stenosis In contrast to these
chmeal and surgical expeniences re the obscrvations of pathologists who
mamtain that pure mutral regurgitation s almost never found at post
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mortem examnation Probably this means only that mitral regurgita
tion per se 15 not a fatal disease In contrast to pure mutral stenosis
mutral regurgitation affects men more frequently than women
Incompctence of the mitral valve anatomically spealing results
from the ngdity and shorterung of the valve cusps In addition the
chordae tendineac contricted through scar formation also may mpede
complete closure of the mutral valve duning ventricular svstole

PinstoLocy

The prmmaipal difficulty in mitral reg 100 15 that the left ven
tncle and the left atnum have to handle an increased volume of blood
Ths 1s necessary stnce a lerable portion as much as 50

per cent of the left ventricular stroke output 1s dissipated mnto the left
atnum and thus the left ventricular diastolie filling has to be ncreased
to a pomnt at which m spite of the loss nto the left atnum the aortic
flow still 15 1n the required range At nght heart catheterization usually
but not mvanably the pulmonary capillary” pressure tracing shows
unusually tall V waves at left heart cathcterization a large V wave 1s
¢ncountered 1n the left atnum An increase m nght atnal and nght
ventricular pressure 15 found only if the left ventricle fails The cardiac
output 15 moderately decreased

Cunvicay Prerure

The signs of mitral regurgitation are much less clear cut than those
of mitral stenosis As has been mentioned the princpal auscultatory
finding 15 the presence of an apical systolic murmur which probably
means mutral mnsufficiency of (1) the murmur 1s grade 3 or louder (2)
1t transmuts best along the postenor axillary hne to the left base (3) it
starts immediately with the first sound and lasts at least through the first
balf of systole and (4) 1t does not change with posiion and respiration

Other features of the physical emmmat:on are left chest defnmutv
left ventricular type of impulse 2
second sound a normal first sound and normal blood pressure and pulse
pressure Hoarseness due to pressure on the recument laryngeal nerve
by the large Jeft atnum has been noted

The electrocardiogram shows left ventncular dommance or left
ventricular hypertrophy occasionally with P nutrale ™

Under the fluoroscope the heart scems overactive particularly m
the region of the enlarged left ventricle Left atrinl and left ventricular
enlargement of sigmifient degrec s usually found 1n the more advanced
cases {Fig 130) as a matter of fact the Jargest left atrra in rheumatie heart
disease are seen with mtral regurgitation Systolic expansion of the left
atrum 15 ly noted The pul y vascul 15 within normal
lmits unless the left ventnicle fails The maccuracy of all these chnical
signs m md; the p of mutral ou has been amply
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Figure 130 Posteroantenor and oblhique radiograms of patient with mitral regurg
tation

documented by surgeons who found sigmficant mutral regurgitation on
left atnal exploration 1n patients \n whom none was preoperatnely sus
pected and vice versa

DirrereNtTiAL Diacnosis

All the conditions accompamed by an apieal systohe murmur
should be dered m the dil; of mtral regurgita
uon Fust to be considered n this regard arc patients with “msig
mficant” apical systolic murmurs These murmurs are fant and short and
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do not transmit but may change with position or respiration Using, essen
tally the same cntena though diffcrent nomenclature Boone and
Levine* studied two groups of patients one with “orgamic” murmurs
the other with “functional” murmurs Ten years Jater the group with
the “organic™ murmurs contamned ten times as m iy patients with mult
valvular imvolvement or sigmficant cardiomegaly as did the group with
functional” munnurs Ruttner and Markowitz! 4 10 a simifar studs
found that after exght ycars 48 per cent of the pitients n the “organic”
group showed significant heart disease as compared to 13 per cent m
the “functional” group Although the character of the murmur 15 1m
portant 1 the differential diagnosis obviously the chnrcian ought to use
all other tools mcludmg a good listory  physical exammation a rays
and the el to the i of an apical
systohe murmur

“Stgntficant” apical systolic murmurs may be heard i patients with
theumatic heart disease other than mutral regurgitation It has been
reported * that adults with aortic stenosls mav show only an apical
systolic murmur I have never } d this 1n child

Patients with pure mitral stenosis may also have sigmificant apical
systobic murmurs which brings up the difficult question of differentat
mg by clinical means a predominantly stenotic type of lesion from a
domunantly regurgitant one The umportance of this from the surgical
viewpoint can scarcely be overemphasized Fortunately for the pedia
lncxan surgxcally slgmﬁcant mntml stenosis rarely occurs in chidren

h m ! the problem may anse It

may be smd unequ.nocally &hat there 15 no single critenon which dis
tinguishes without fail a predominantly stenotic mitral vahe from
one mn which regurgitation d A d left » lar type
of cardiac impulse an 1ntense systolic murmur the presence of systolic
expansion of the left atnum and an electrocardiogram indicating left
ventncular hyperirophv would give the chnical mmpression of pre
dormnant regurgitation Although the pulmonary capillary tracig, i
terms of the tall V waves 1s designated by some™ 317 a5 furmishing
cl t proof of mtral g mn our hands and mn the
hands of others** this has not been a satisfactorv method of differentia
tion Ewven left heart catheterization may not clearly estabhsh the
diagnosis

Congental heart disease especially atrial septal defect of the ostium
pnmum type and to a lesser eatent patent ductus artenosus may also
be accompamed by an aprcal systolic murmur In both these instances
this may indeed represent functional or even anatomic mitral regurgita
tion Fmally almost any other type of heart disease acquired or con
genital may be accompamed by an apical systohc murmur of “ s1g
mficant” nature All the mgenwty the pediatneian 1s able to muster
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may be necessary for accurate mterpretation of a grade 3 aprcal systolic
murmur

Course AnD ProcNosis

Most patients who hwve pure mitral regurgitation e relatively
asymptomatic for a long time and have a good long term prognosis The
symptoms—i no active carditis exists—consist mamly of fatigue Con
gestive failure 15 rre life expectancy 1s satisfactory In contrast to the
relatively rare occurrence of subacute bactenal endocarditis m pure
mitral stenosis 1its presence m patients with mitral regurgitation is
relatively common

About a third of the patients starting out with pure mutral regurg
tation eventually have combined stenosis and insufficiency in these
symptoms develop wnd the prognosis becomes grave

TREATMENT

Treatment 1s essentially the same as that outhned 1n the section on
mutral stenosts eacept that there 1s no adequate surgreal solution for
the problem at this time

DISEASES OF THE AORTIC VALVE

Aortie valvulir disease 15 dtagnosed on the basis of murmurs heard
i the aortic area that 15 at the second nght and fourth left mterspaces
There 15 some pathologic evidence that in adults # aortic valse mnvolve
ment may occur without any murmur at all or with a murmur only at
the apex No such observations have yet been made on children

Rheumatic aortic disease alone or in combmation with mutral
valvulir disease 1s common Fifty eight per cent of the patients3? 181 jn
whom rheumatic heart disease develops show evidences of aortic
mvolvement In contrast to discases of the mutral valve disappearance
of aortic murmurs 1s estremely yare

Aortic Regurgitation

Aortic reg) 1s the & t q of 1 t
of the aortte valve 1n rheumatic endocarditis Men are more commonly
affected than women All degrees of the disease are known from the
famt early dinstohe “whif  without any penpheral signs to the free
aortic regurgitation represented by a1 loud murmur and a diastohe
pressure near zero

Anatomrcally the valve ning 1s dilated the semnlunar cusps are
shortened by scarnng and thus the valse edges ful to close the aortic
onfice during ventncular diastole

PisioLocy
The overload of aortic regurgitation 1s camned almost eaclusively
by the left ventricle The mcreased volume work of this chamber 15
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Figure 131 ¢ \ormal brach al artenal tracing and synchronous phonocardiogram
ontop b Aort ¢ regurgitat on trac ng  th a rap d up troke and rap d downstroke As
a reference trac ng see also pl onocard ogram en top

the consequence of the increased stroke output which is caused by the
fact that a certan proportion of the blood expelled imto the aorta leaks
back into the left ventnicle It seems clear then that the left ventncular
stroke output must be large enough to msure adequate aortic flow even
with apprectable loss back mto the ventncle The degree of regurgita
tion depends on the size of the regurgitant opening and on the difference
between aortic and left ventricular dastolic pressures

Sigmifi penpheral dul. 15 a regular concomtant of
severe aortic regurgitation 3 3 Thus the dram on the aortic pressure head
15 from two directions part of the blood regurgitates back mto the
ventnicle and part diss pates rapidly 1nto the dilated penpheral vascular
bed As a result of both these factors aortic diastolic pressure 1s low
this interferes with adequate coronary filling

A low aortic diastolic pressure not only mmpedes coronary crcula
tion hut also interferes with the satisfactory nutntion of the hssues
smce 1t Jowers the mean artenal pressure at the penphery In order to
counteract the unfavorable effects of the low diastolic pressure on the
mean artenal pressure the systolic pressure 1s appreciably raised This
then results 1n a relativelv sabisfactory mean pressure with a wide pulse
pressure The mereased systolic pressure adds a significant amount of
pressure load to the already mcreased volume load of the left ventrnicle

The high systolic and low diastolic pressure n the artenal system
1s reflected 1n the charactenstic radial artenal wacing obtamable
Ppatients with aortic regurgitation (F g 131 see also Fig 119 p 121)

The powerful musculature of the left ventncle 1s able to cope with
the considerable flow and pressure work volved n aortic regurgitation
for an appreciable length of ttme Difficulties anse when the left ven
trucle fails or when angma develops as a result of poor diastolie flling
of the coronary arteres Both these consequences occur 1 adult Lfe
and should affect the thinking of the pediatrician only 1 terms of long
range prognosis rather than as events likely to occur within the first
two decades of Life
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Figure 132  To-and fro murmur of 1ortic regurgitation Note the stenotic type of
systohe murmuyr and the decrescendo dastolic murmur going through entire diastole

Cuivicar Prorure

The dragnostic sign of aorhe regurgitation 1s the early msufficiency
blow which 1s best registered at the third to fourth left or the second
nght interspace This consists m high frequency vibrations immedately
following the second sound 1n a descrescendo fashion perhaps preceded
for a short pertod by a shght crescendic phase The stethoscope with
the diaphragm type of chest pice brings out the murmur best par
tricularly with the patient m a sitting position shghtly bent forward
Even though sometimes it may be almost impossible to time the mur
mur accuritely 1t shil should be recogmzed as a Ingh frequency,
metalhe soundmg almost “echo hke murmur

The rest of the physical exarunation 1s somewhat more character
stic mn these patients than i those with mutral diserse Increased pulsa
tions of the cirotid arteries can be clearly seen and easily palpated
the powerful and sudden thrust of the left ventricle may rock the head
and chest of a patient with marked regurgitation Considerable Jelt
chest prommence may be present The cardiac impulse 15 forceful and
of the left ventnicular type Occasionally there 1s a drastolic thnll
palpable at the third to fousth left mterspace On auscultition 1 adds
tion to the tvpical murmur deseribed a systohe murmur of varymg
intensity nd sometimes of stcnotic character may be lcard ar the aoruc
area these o mummurs assume 1 to nd fro character (T, 182) with
a gip between the systolic murmur and the second sound The ortie
closure 15 usually accentunted and unless congestive failure 1s present
1t 1s Jouder than the pulmonary closure An apica} presystolic murmmur
(Austm Fhnt} practcally ndistinguishable from the munmur of truc
mitral stenosis, 1s often observed but 1s not accompamed by a tholl
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Figure 133 1 and oblique rad: of patient + 1th aortic regurg:
tation

The pulses are full and the pulse pressure 1s wide wath hugh systohe
and low diastolic readings

The electrocardiogram may be entirely normal In severe cases of
long duration left ventncular hypertrophy may be present with 5T
and T wave changes tall R waves 1 the left chest leads and P mitrale

Radwologically cardiomegaly princpally left ventrcular m type
can be seen (Fig 183) If the left atnum 1s enlarged left ventncular
farlure or associated mutral valve disease must be suspected The aorta
and the left ventricle show powerful pul under the fl I
the pulmonary artery segment 1s relatinely quiet The ascending aorta
and the aortic hnob are promment and have 1 collapsing type of beat

DiFrereNTIAL DI1sGNOSIS

The differential dingnosis of aortic regurgitation encompasses two
main entites One 1s the group of condttions with dissipation of the
aortic pressure head In this category should be mentioned thyro
toxicosts  severe anemia peripheril arteriovenous aneurysm  patent
ductus arteriosus  aortopulmonary fenestration and ventricular septal
defect with aortic regurgitation The first three conditrons sunply have
to be borne mn mnd if the problem of differential diagnosis anses all
three of them by virtue of thew estracardiac findings can be recognized
once they are brought to mind The three latter conditions may be much
harder to daffe wte from rh 1ortic regurgitation  though
several pomnts may be helpful For one thing all three of these con
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gental heart diseases wmvolve a large left to nght shunt hence radio
logically they are charactenzed by pulmonary vascular engorgement
with a hular dance and an overactive mam pulmonary artery Sccond
especially patent ductus arteniosus and ortopulmonry fenestration are
weompanied by continuous systolte and diastolic murmurs where the
second sound 15 emveloped mto the murmur Of course 1 hustory of 1
murmur from the time of birth and the absence of a cler cut rheumatie
episode also help to wdentify the left to nght shunt group However m
spite of all this cardiac cathet i must be perf d
m order to establish the diagnosis

The other group of patients to be considered in the differential
dagnosss are those with pulmonary regurgtabon (mitral stenoss
pulmonary arterral hypertenston and rwhopathic pulmonary regurgita
tion) m whom dustolie murmurs of a quahty suniar to that of aortic
regurgitation may be noted The murinur is usually less loud however
1t 1s maammal at the second to third left interspace and 1s not accom
panied by an mcrease in pulse pressure

Counse AND PROGNOSIS

Much hke mutral regurgitation and m marhed contrast to mutral
stenosis aortic regurgitation may occur euly within the frameworh of
acute rheumatic fever Once an aortic diastolic murmur appears the
chances of its disappearance are shm (less than 5 per cent) althongh
there are some suggestions i the most recent hterature that treatment
with corticoids may change the outlook 3%

Cluddren with free aortic regurgitation but without active carditis
are usuilly asymptomatic The powerful left ventricle 15 able to mam
tamn compensation throughout childhood and adolescence unless rheu
matic myocardial disease interferes wath ats effimency Severe aortic
regurgitation 1n adults Jeads eventually to evertional dyspnen angmal
pam pittng edema and mtractable congestve falure Like those with
aortic stenosis these patients ‘break late” but when they do  ther
downhill course 1s precipitous

The seventy of the lesion can probably best be judged clinically
on the basis of the pulse pressure the electrocardiogrim and the roent
genograms and only to a lesser degree on the basis of the mtensity of
the murmur The poor prognosis to be measured i terms of yeus
must be contrasted with the good outlooh and life expectancy for
children with only a shght or moderate degree of aortic regurgrtation
The average Iife capectancy of pabients with aortic wmsufficiencs 1s
quoted as twenty to thirty years after the discovery of the murmur <

TREATMENT
There 15 no well accepted surgical treatment for this disease Huf

nagel valves? o mserted 1n the descending aorta to abolish the effects of
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penipheral vasodilatation have been used 1 adults At present they
probably have no place in pediatnc practice

Chemoprophylaxis and rcgulation of Iving conditions are just as
mmportant as they are wn discases of the mutral valve Furthermore
knowing that the Icft ventncle 1s capable of maumal effort for a long
tune without fadure but that when 1t fails the end 1s rather near I
usually recommend that youngsters with aortic regurgitation abstan
from competitive sports Sometimes this 1s hard to cnforce since many of
them are athletically inclined young males

Aortic Stenosis

Rheumatic aortic stenosis as an uncomplicated lesion 1s prac
tically unknown n children There were only two patients 1 the group
of 1000 studied by Blind and Jones® ! in whom pure aortic stenosis
developed within twenty years both these patients were more than
twenty five years old

If signs and symptoms of aortic stenosis are found in a clld, 1t
must be assumed for practical purposes that 1t 1s congenital m ongin
The problem of aortic stenosis will be discussed 1n detail 1n the section
on Congenital Heart Discase

Diseases ofF THE TricusPm VALVE

Diseases of the tricusprd valve are rare and of no practical sig
mficance m pedintrics thev almost never occur as an solated lesion and
seldom as a dominant one

Physiol 11y the 1 lat d on m with
mitral stenosis and mutral regurgitation operate here except that the
burden falls exclusively on the right side of the heart Right atral
pressure and Jugular venous pressure tracings show promment V waves
m tncuspid regurgitation and tall A waves n tricuspid stenosis In add
tion charactenstically 1n cases of tricuspid stenosis there 1s a gradient
on cardiac catheterization between nght atnal mean and nght ven
tricular end diastolic pressures

Chinically the systolic murmur of tncuspid regurgitation and the
diastolic murmur of tncuspid stenosis are both heard best at the lower
nght sternal borders It 1s hard almost impossible to differentiate them
from mitral murmurs transmutted from the apex Careful observation of
the jugular venous pulse and the pulsations of the hver aid a great deal
1 the diff; 1 d P; tol 1 of the neck vems and
the Iner are charactenistc of tncuspid stenosis whereas vigorous
systolie pulsations and V waves of the jugular venous pulse and the
Iner are typical of tncuspid regurgitation Roentgenologrcally the huge
Tight atnum 1s noted Electrocardiographically marked P pulmonale 15
m evidence
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CovBineD VALVULAR DiseAses

Imolvement of more thin one vahe 1s the rule rather than the
exception 1n rheumatic heart disease According to White ® * mutral
diseases dormnate 1 about three fourths of the cises and aortic valve
abnormality in about one fourth Stenosis and regurgitation of the
same valve usually occur together Clinically, mutral regurgitation with
out stenosis 1s more common than mtral stenosis without regurgitation
If especrally 1n rclabively acute cases one cannot be sure which mtral
lesion 1s predominant the term “mutral mvohement 1s useful

Aorie regurgitaton wathout stenosts 1s common whereas aortic
stenosis of rheumatic nature without coeasting aortic regurgtation s
practically unknown 1n children



CHAPTER 8

Bacterial Endocarditis

In contrast to the usually stenle mflammatery lesions of rheumatie
endacarditss  the vegetitons of brctenal codacarditis contaw mcro
orgamsms lentifiable morphologically s well as culturally The cavsa
e orgamsm may be coltured 1 vino from the blood stream m at Jeast
75 per cent of the prients with bcterial endacarditis blood cultures
from patients with sheumatic endacarditis on the other hand are stenle

Bactesi! endocarditis as divaded  perhaps arbatranly nto two
groups subacute and acute These two diserse entiies can be identified
by therr causative organism as well as by therr chiucal course

SUBACUTE BACTERIAL ENDOCARDITIS

3 1

Sub bacterial 15 a slowly progressive disease 1
which the only or princspal Jocahzation of the mfectzon is i the heart
or great vessels

Incioence ane EnoLosy

Subacute bactenal endocarditrs much hke rheumate fever has
been on the dechine withun the past decade this trend »s wmost hkely
explained by the widespread use of b for the
respiratory infection and by deatal prophylaxis m patients with heart
disease Lattman and Schasf ¥ found that whereas dunng the three
year penod from 1944 through 1946 112 per cent of the patients
admtted to the Massachusetts General Hospital had subacute bactertal
endocarditys from 1947 through 1949 only 0 59 per cent had this disease

Subacute bacter1al endocarditis 15 a disease of young adults Men
are more cﬂmmon]y affected than women In Wiite s*7 senics of 250
patients onfy 2 per cent were children less than ten yeus old and only
17 per cent were 1 therw secand decade Compared with the general

of sub bactenal Litis 1n a general hosptal its
frequency at The Chiddrens Hospital w Boston 15 well below 01 per
cent

Streptococens vandans or alpha hemolytic streptococeus 15 ze
spousible for about 90 per cent of the cases of subacute bactersal endo
carditis w adults Although no large sesies of cases m chaldren has been
desenbed in the hterature our expenence at The Childrens Hospital 1n
the past ten years supports the same figure Other orgamsms rarely

167
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Table 10 Pertinent Clincal Data n 12 Clildren wih Subacute Bactenal

Endocardiis

Palpable spleen 12 Anemia (other 2 severely cyanotic) 10
Fever 1 Positive blood culture

Petecluae 7 Increased E 8 R 9
Severe dental caries 9 Wbe oser 20 600 6
Clubbing (3 with severe cyanosts) G  Hematuna 4
Congestive failure 4 Prolonged P R mtenal 4
Hemiplegia 1 Cardiomegaly 9

The temperature most commonly 1s between 101 and 103° F with con
siderable daly fluctuation Severe dental cares 1s common

The presence of petecl hinches the d although thewr
absence does not preclude subacute bactertal endocardibis Sometimes the
petechiac are elusive and look like small frechles It 1s worth while to
mark the suspicious spots with a shim penail and to follow them day by
day to see whether they disappear or whether new ones occur It 1s
important to note that the p hiae of sub bactenal end ity
are widely scattered not clustered around an area such as the neckh
or the bital fossa Localized petechial spots suggest increased
capillary permeability rather than embolic phenomena Petechiae some
times persist after bactenologic cure of sub bactenal endocardity
and may last for several months without ill effect

Clubbmng 1s sigmficant as a diagnostic aid only if the patient does
not have cyanotic congenital heart disease 1 this situation however at
1s practically pathognomomic if Iner disease and lung abscess can also
be excluded

Congestive faillure especially nght sided may be the first manifes
tation of subacute bacterral endocarditis 1n a patient with known heart
disease On the other hand congestive failure may begin after bacterio
logic cure of the endocarditis In the latter instance 1t 1s usnally blamed
on the myocardial damage causcd by the nfection Trwsient hemiplegia
with or without convulsions m a patient with known heart disease
should ruse the f sub. L 1 end ditis wath con
secutive embolt or smnll petechial hemorrhages

The red and raised nonhemorrhagie Osler nodes and the tender
fingers and toes often described in adults are seldom seen m children

Anerma was present frequently m our patients all of them had
hemoglobin levels below 12 gm and some below 8 gm Whether the
anemia 1s the result of mterference with won metabolism such as 1s
assumed to be the case m many nfections or whether 2 speafic hemoly ic
or “toxic” «fect 15 involved 1s not defimtely hnown

Two of our patients did not have positive blood cultures 1 both of
these postmortem confirmation of the disease was obtained In at least
half of our patients the blood cultures were reporte(,l as positive only
several days aftcr the onset of t Clevated rate 15




BACTERIAL ENDOCARDITIS 171

fi i of sul or chrome nft The lugh
lcukoc) te count i mne of the twehe cases was caused principally by an
mcrc:xsc 1a polymorphonucler leuhoeytes but m three cases monocytes

d the peture ) pte hematuria was not present wm any
wstange microscopie homaturst was found m four cases The electro
crdiographic and 5 ray changes were dependent on the underly ing heart
disease

DirregeNTiAL Diacnasis

In trymng to bhish the d of sub bactenal endocards
tis rheumatic fever shauld first be excluded Awmong the major mamfes
tations of rheumatic fever ondy carditis may be present wm subacute
bactenal endocarditis On the other hand a number of the minor

£ {fever ahd, d pain dial pamn rashes epsstasis
and swmidar laboratory findings) may fmqucndy be found i both
diseases

A pusm\e b]ood culture mahes datory the d of suk

the p of chorea polyarthritis or subcutme

ous nodules favors a dmgnnsxs of theumati, fever Another chmeal powt

Table 11 Practical Differential Pownts between Subacute Bacterial Endocarditis
and Actie Rheumatic Ferer

Aeye R F SBE

Polyasthritss

ules
Chorea
Erythema margwnatum
Pecicard us
High antistreptolyna titer
Ermboh

sootttttt
+tpoc0oss

Spicen
Positive blood culture

may be helpful namely pericarditis almost never occurs 1 patients wath
sabacute bacterzal endocardstis whereas 1t 15 commonly associated with
the severe carditis of t} tic feser High ly bters re
almost never present i subacute bacteral endocarditis on the other
hand severe ancmm wa fmrly common finding The pnnmpql points i
the duff t subicute bactenal dibs and
theumatic fever are sumuun?ed mn Table 11

Almost all the systemie wd loeabzed mfec(mns oeenening. o patients
wath heart disetse should also be dercd in the diff
especially the enterie disea es prelonephnéis prewnonas

Counse anp Procvosis

Before the ntroduction of sulfonwmides subacute bacterial endo
carditis was practically always fatal Lachtman m 1943 U placed the
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spontaneous recovery rate at about 1 per cent The same author found a
5 per cent recovery rate when sulfonamides were used n the treatment
Today because of pemeihin and other potent antibiotics the recovery
rate 1s not less than 65 per cent In our scrses of tnelve children with this
disease in the past ten ycars all but two survived

Apparently the success of treitment depends a great deal on how
carly the disease 1s recogmized Accordmng to Friedberg ! 2 if mtensive
therapy 1s started within a month after the onset of iilness the recovery
rate 15 90 per cent or better whereas if the condition goes unrecogmzed
for three months or more as many as 50 per cent of the patients die

Another factor to be taken into consideration 15 the age of the
patient older people are less hkely to recover than younger ones The
1solation of a microorganism from the blood stream enhances the success
of treitment considerably Whether the poor prognasis for patients wath
negative blood cultures 15 due to the delay 1 treatment caused by a search
for the etiologic agent or whether the same set of cucumstances that
prolibits the bactenta from getting mnto the cireulation presents anti
brotics from penetrating the vegetation 1s not hnown at present It s a
fact however that patients with negative blood cultures have a poorer
prognosis Obviously the more sensitive the 1solated organism 1s to the
commonly used antibiotics the more successful the treatment will be

TREATMENT

In view of these factors there has been a tendency withm the past
five years to start treatment of patients suspected of having subacute
bactenal endocarditis before the ciusative orgamisms have been 1dentu
fied This policy 15 predicated not anly on the advantages of early therapy
but also on the unlihehhood of obtaming a positive blood culture after
the first few hosprtal days Fnland*® stated that “from the bacteriologic
pomnt of view however a delay of more than forty eight hours or at
most five days 1s logistically unsound and does not seem justified
provided the treatment 1s begun only after adequate samples of blood for
culture have been obtained dunng this waiting pertod for later examma
tzon ” The chance of obtaming a positive blood culture later 1n the dis
ease 1f 1t was impossible during the first five days 1s practically ml As a
matter of fact most of the positine cultures e obtained withm the first
forty erght hours

Qur pohiev within the past few years then has been ane of suspect
ing subacute bactenal endocarditis n all children with known heart
disease who have fever of unknown ongm of 1t least one week s duration
If 1n addition to fever one or more of the following criten are present
the diagnosis of subicute bacterral endocarditis 1s made chmeally (1)
spleuomt‘gﬂl) (2) embolic phenomena and (8) clubbing, 1 a patient
without artertal unsaturation Seseral blood cultures (at least six) are
obtamed watlun the first forty eight hours especially durng chills or
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suiden elevation of tempuratore In cases of coarctation of the aorta,
artensal cultuze 1s also obtained At the tnd of a two ta five day wating
perad  duning which al} pertinent differential diagnostic possibifines
are explored poncifin treatsnent 1s begun oven of the cultures are not
yet positine

The drug of choice depands on the vvasdalnlity and the smxmvxty of
the osgamsm Smaee the alpha strep 15 the
agent pumatbn alone of 1w combwaben with streptemycm s (he most
commonly used thecageatic agent The dosige of pemailln shonld be
between 3 and 10 muthon vants per day guen eher m a contmuous
snfravenous dup or by the mtramuscutar route 1 six dnded doses To
begin with these patients are usually Liven 8 to 8 muiben umits of penied
T per day and only if ths does not scem to achieve the dasired drop
1 temperature and stenhzation of the blood stream witlun a week do we
swatch to a lugher dosege schedule Streptoinycin it doses of 025 to G50
gm everv eght hours may also be added at this tme On the basis of
our own expenzence and of the theoretie considerations outhned by
Finland ¢ we belics e that aqueous selutions of sodtum or potassium salt
of pemallin should be used rather than the lopges acting repositasy
form at least for the st four wedks Probenverd 2 renal excretory
nibitor of pensatiin may be uhlized to elevate the Jevel of pemalbin
m the bload 1 or 2 gm per day 1w four diaded doses can be gnen
by mouth The use of this agent m cluldren 1s hmuted

Instead of pemaillin or streptomycin other drugs such as bacitracin
the tetracyclines chloramphenicol erythromyem or polymynn may be
used 11 cases 1 which the orgamsm seems sensitive onty to one of these
agents However more than 98 pes pent of the cases of subacute bactenal
endocardiis are caused by Streptococeus vindans ar organism extremely
sensitie fo adequate doses of pemcillin Whatever drog 15 used 1t
should be continued for at Jeast six weehs Recent reports :a the hiterature
suggest the bined use of p ilin and streptomycin for two weebs
only howsver ¥ consler the evidence w invor of such 2 short cure
wmsuificient for the time bemng I\ may be penmssible though f the

"

patient s prog; ly to sol one dailv mjec
bon of a rep ¥ thn ble doses for the last two weehs
of treatment

One of the most dnkrbing teatures an the treatment of sbacute
bacteral endocarditis 15 the perswstence of a Jow pgrade fever without
positng blaod cultuses or any other signs of actty I our espenence
ths 15 contmonly due o the local imtant effect of 2 large number of
pemadln shats givin antramuscularly to a chald with a greatly wasted
musenlature T fecd that only with the utmost nurang skl the use of
the sharpest necdies and a carefully mapped out rotation of the mec
tion sites can tus be voided Even with the best of nursing care focal
nntant action miy be vaavoidable somctimes only the sobstitution of
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spontaneous recovery rate at about 1 per cent The same author found a
3 per cent recovery rate when sulfonamides were used in the treatment
Today because of penicilin and other potent antibiotics the recovery
rate 1s not less than 63 per cent In our senies of twelve children with this
disease 1 the past ten years all but two survived

Apparently the success of tretment depends 1 great deal on how
early the disease 1s recogmzed According to Friedberg? 2 if mtensne
therapy ts started within a month after the onset of illness the recovery
rate 1s 90 per cent or better whereas if the condition gocs unrecognized
for three months or moie 1s many as 50 per cent of the patients die

Another factor to be taken into consideration 1s the age of the
patient older people are less likely to recover than younger ones The
1solation of a microorgamsm from the blood stream enhances the success
of treatment considcrably Whether the poor prognosis for patients with
negatiy e blood cultures 15 due to the dely i treatment caused by a search
for the etiologic agent or whether the same set of arcumstances that
prohibits the bacteria from getting mto the cwrculation prevents antt
biotics from penetrating the vegetation 1s not known at present It 1s a
fact however that patients with negatne blood cultures have a poorer
progrosts Obviously the more sensitive the 1solated organism 1s to the
commonly used antibioties the more successful the treatment will be

TREATMENT

In view of these factors there has been a tendency withn the past
Bve vears to start treatment of patients suspected of having subacute
bactenal endocarditss before the causitive orgamsms have been adenhs
fied This policy 15 predicated not onlv on the advantages of carly therapy
but also on the unhkelthood of obtaming a positive blood culture after
the first few hospital davs Finland™?® stated that “from the bacteriologic
pomt of view however a delay of more than forty eght hours or at
most five days 15 logistically unsound and does not seem Justified
provided the treatment 1s begun only after adequate samples of blood for
culture have been obtaned dunng this waiting period for later examina
tion The chance of obtaimng a positive blood culture later m the dis
case 1f 1t was impossible durmg the first five days 1s practically ml As a
matter of fact most of the positive cultures are obtained wathmn the first
forty eight hours

Our policy within the past few years then his been one of suspect
g subicute bactenal endocarditis 1 all children with known heart
disease who have fever of unknown ongin of at least one week s duration
1f 1 addhtion to fever one or more of the followng crtcria are present
the duagposis of subacute bacternl endocarditis 35 made chmceally (1)
splenomegaly (2) embelic phenoment and (3) clubbng m = paticnt
wathout arterial unsaturation Several blood cultures {(at least six) are
obtamned within the first forty esght hours especially dunng chills or
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developing after dental has been d 1 by Palmer
and hempf # who found transiently positine blood cultures 1 fousteen
of eighty two patients after dental extraction

Depot peniailin (600 000 utits} 15 recommended on the day of and
the day after dental extrachion or other Hpe of oral surgery (tonsi
lectomy and adenodectomy) Febrile ilinesses of any sort 1 patients
hawing congemtal or rhenmatic heart disease should be treated by some
antbactenal agent for at least one weekh

Although hberal chemoprophylaxs and chcmothcrap) is pmbably
extremely usefal in preventing the devel of
endocarditis it taust be pawted aut that st 15 not unformly suecessful
and that 1t may not be without danger One must bear 1 nund the
development of resistant strasns the occurrence of sensitisities and a
change 1n the bactenal fora

CoMpPLICATIONS

Smce the wmtraduction of effectne agents aganst organisms causing
subacute bactenal endocarditis 1t has become obvious that some patients
may not Tecoter i spite of a bactenologic cure In a considerable propor
tion of these death is caused by congestive fatlure at postmottem exam
wmnation uo argamsms can be cultured but evidences of severe mn ocardial
damage are found According to our experience thus does not scem to
represent g sercus nsh i chidren all the paneats in whom we were
able to stenhze the blood stream recovered satisfactonly

In one of aur patients ho\\-e\ex~a buy mﬂx true truncas artenosus
who d from sut polyarthuitis pens
carditis aud a typseal picture of acute rheumatic cardtis develaped
withn two montbs after hus blood cultures had become stenle He
responded well to treatment with ACTH Whether this represented a

of sub hactenal end fitys or whether 1t was m
fact true rheumatic carditis canvot be stated with certamty It 1s ssmply
menbioned as an mteresting and \hcnpcuhmﬂy approachable conditon
derelopmg w the wake of 1 gically cured sub bacterra)
endocarditis

ACUTE BACTERIAL ENDOCARDITIS
Incmenes avp Emorocy

Septicerma with mvasion of the endocardium 15 colled acute bac-
tenial endocarditis 1t 33 a sare condition today only about half a dozen
such mstances having been seen at The Chuldrens \edical Center withua
the past ten years

Acute bactenal endocarditss it contrast to subacute bactenal endo
carditis should rermmzxte fmorab)y o unfaorably within two months
Also whereas the the prwture m
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subacute bactenal endocarditis 1n acute bactenal endocarditis these are
overshadowed by the general picture of sepsis No single orgamsm 1s
implicated 1n the majonity of cases unlike subacute bactertal endocards
tis an which the alpha streptococcus s responsible Staphylococcus
aureys beta hemolytic streptococer pneumococer and Escherchia coli
are the microorgamsms most frequently encountered m this condition
i children However any other organism causing generalized blood
stream 1nfechon may attack the endocardium

Patnorocy

In acute bactersal endocarditis the picture 1s dommated by throm
bottc masses (vegetations) consisting of fibnin and bacteria which
mvade the valvular or paretal endocardium Pre earsting heart disease
1s not a prerequisite as 1t 1s m patients wath subacute bacterial endo
cardstis Further pathologic differences between the two conditions are
the much more severe destruction ulceration perforation {endocarditis
ulcerosa) and the purulent or ser P i ly
present with acute bactenal endocarditis

Any and all organs may be invaded by the septic process Spleno
megaly 1s the rule Pneumomts with abscess formation ss common The
kidneys are mvolved m a igh percentage of cases they mav show
multiple abscesses parenchymal or perinephric and even evidences of
glomerulonephritis or infarct Menmgitis and memngoencephalitis may
be present 1s well

Cunicar PieTuRe

Within the framework of generalized sepsts there may be enly a
few signs pointing to the imohement of the cardiovascular system The
most clear diagnostic finding 1s the appearance of a loud heart murmur
m a patient wath septicermn Other less pathognomome findings are the
appearance of progressive cardiac enlargement and congestive failure
and the presence of embolic phenomena Janeway spots—parnless hem
orrhagic lestons on the palms or soles—are also charactenistic of acute
bactenal endocarditis

Duacnosis

The diagnosis 1s almost solely of acadermc mmportance It should be
possible to make the diagnosis of a blood stream infection with ease 1f
the signs mentioned previously re present a locahization of the septic
pracess 1n the «ndocardsm must be suspected

TREATMENT

Whether or not there 15 cardinc mvobement the ireatment of
sephicemin should be the same 1t consists n adequate antbactenal
treatment with penreilhin streptomyein or any other agent that proves



BAGTERIAL ENDOCARDITIS 177

to be cffective tecording to scnsmvny tests The dcsabc schedule out
lined for p 1 and ptomy 1 endocarditis
should bc adequate 1 mstances of ncu!e bactenal cndocarditis

There arc no mortality figures based on large scnies available mn the
pediatric hterature In 1947 Wilhelm and lus assocntes® © analyzed forty
cases of acute bacterral endocirditis in adults a mortality of 60 to 80
per cent was noted depending on the causative orgamsms Two of our
six patients died one with Escherichia colt endocarditis and one with
a staphylococcus mfection The other four had Staphylococcus aureus
sephicema




CHAPTER 9

Arrhythmias

The normal rhythm of the heart 1s dependent on swoatnal mpulses
discharged at regolar mtervals and spreading through the conduction
system at conventional speeds The mmpulse travels rapidly from the
smus node through the atria and armves at the atrioventricular node
The passage through the atrioventricular nodal tissue 15 slow--about one
fifth of the speed mn the atria From the atrios entricular node the impulse
spreads at an mmcreased speed down the bundles of His stimulating the
left side of the muscular septum first then 1t 1s conducted through the
Purkinje fibers and through the ventricular wall proper from endocard:al
to epicardial direction (Figs 35 38 p 46)

In the healthy chid this mechanism results in a regular rhythm at
a rate of 80 to 180 beats per minute The actual rate m the normal
person depends a great deal on his age and his stite of mind On the
whole the younger the child the more rapid 1s the pulse Rates as high
as 180 per mmute are occastonally encountered at birth though a sig
nificant drop usually occurs 1n one or two hours time Dunng the first
week of Iife the average rate 1s less than 140 beats per minute and
durning the first year less than 120 By the time a child 1s six years of age
the sleeping pulse rate 1s usually less than 100 beats per minute and
at puberty as a rule less than 8¢ Obviously ll thuse are average values
and nre subject to a great deal of fuctuation through crying excitement
fear and so forth Consequently pulse rates to mean anything at all
must be taken during sleep especially mn children .~

Changes 10 this regular rhythm at average rate are called arrhyth
mias The arrhythmias will be discussed according to the following
classification  (2) arrhythmias with smus pacemaker (6) arrhythmias
with ectopic pacemakers and {c¢) arrhythmias caused by conduction
defects

ARRHYTHMIAS WITH SINUS PACEMAKER
Sivus TAcHYCARDLA

Smus tachycardia 1s the rule rather than the exception mn children
bemng exammed by a doctor most youngsters exhibnt higher than normal
pulse rates because of anxiety when they enter a doctors office Exercise
fever anemia or shock may also cause an increased pulse rate Rheu

178
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matic carditis 15 D d by a p ly el 1 heart rate even
in sleep which 1s out of proportion to the accompanying temperature
Congemtal heart disease without cardiac msufficiency does not usually
gue mse to tachycardia Thyrotoxicosis a common cause of sinus tachy
cardia 1n adults s rare m children occasionally 1t may be encountered
m guils at the age of puberty

Chuncally sis tachycardia 15 suspected if the heart rate 1s between
140 and 200 beats per munute and does not have a clocklike regulanty
and consistency If onc spends a few munutes hstemng to the heart or
counting the radinl pulse mmor changes of 10 to 15 beats per minute
will frequently be observed This 1s i marked contrast to the patient
with paroxysmal atnal tachycardia whose heart rate 1s ngidly fixed and
1s almost always more than 180 beats per munute Reflex vagal stmu
lation (cyeball pressure carotd sinus stimulation or Valsalva man
euver) often ciuses shght but defimite alterations m the heart rate of
patients with sinus tachycardsa.

Electrocard hically sinus tachycardia can easily be recogmzed
by the well formed P waves a P R interval of 01 to 02 second and a
normal appeinng QRS complex (Fig 70 p 76)

In most stinces sinus tachycardia does not require any speaific
treatment—only search for and elimination of the cause {shock or ane
mia) Digitahs has no fluence on sinus tachycardia without underlying
heart disease Phenobarbital sometimes slows the pulse of a hypcrea
atable youngster

S1vUs BRADYCARDIA

Smus bradycardia m adults 1s ly defined as a heart rate of
less than 60 beats per minute It 1s obvious from the previcus discussion
of the normal heart rate of healthy chuldren that no such clear cut defi
mton is possible in the field of pediatries By and large rates of less
than 100 m infants and 80 in children should be considered bradycardic

Swnus bradycardia 15 rare in healthy children but s seen occasion
ally m athletes and mn patients with rheumatic fever ncreased ntra
cramal pressure mncreased systemic blood pressure typhoid fever or
hypothyroidism The appearance of atropine resistant sinus bradycardia
durng cardiae surgery 1s an omimnous sign which may indicate profound
anoxa leadmg gradually Yo cardiac standstll and death Electrolyte
disturbances especinlly potassium intoxicition may also be accompanied
by profound bradycardia

The chneal differentiation of sinus bradycardia from 1 slow pulse
rate resulting from nodal rhythm 1s impossible On the other hand 1
complete heart block a fauly common cause of bradycardia careful
observation of the jugular venous pulse reveals atral pulsations [
waves) dunng ventricular diastole On scrupulous auscultation the
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tensity of the first heart sound at the apex shows defimte changes m
patients with atrioventnicular dissociation (see p 206)

In most the diog 15 essentin] 1in making a
defimte dsagnosis of sinus bradycardia The tracing 15 characterized by
a normal P wave a P R mterval of less than 020 second and a normal
QRS complex (Fig 71 p 78)

Smus bradycardia m children does not require symptomatic treat
ment careful search for the underlying cause should be made however

SinUS ARRIYTHMIA

Swnus arrhythma 15 a phasic change mn the rate of discharge of sinus
mmpulses resultng i a rhythmic speeding and slowing of the heart rate
The pulse rate mcreases with mspiration and decreases with expiration
The presence of sinus arrhythmia 1s predicated on mcreased vagal tone
and therefore 1s almost never present n young infants but 15 pronounced
m adol Slow rates pred. to sinus arrhythma and fast rates
abolish 1t By and large smus arthythmia 1s a sign of good cardiac
reserve although 1t has been noted with 1 as well as rh
heart disease

The diagnoss 1s easily made without the use of the electrocardi
ograph The pathognomonic feature 1s a phasic vanation of the heart
rate synchronous with resprraton It can reachly be abolished by the
tachycardia caused by exercise

Electrocardiographically the QRS 1 and the P R mtervals
are regular and unchanging whereas the PP and R R imtenvals are
different at various portions of the tracing (Fig 72 p 76)

No treatment 15 indicated

ARRHYTHMIAS WITH ECTOPIC PACEMAKERS

All parts of the conduction system from the sinus node to the
Purkinje fibers have basic mmpulse forming properties Under ordinary
circumstances the smus node because it discharges impulses most
rapidly 1s the pacemaker of the heart all other potential pacemakers
have an mherently slower discharge rate hence they do not usually have
an opportunity to take over the lead

Under certamn curcumstances however such as decreased wrtability
of the sinus node (smnus bradycardia or marked sinus arrhythmia)
blockage of smus impulses (smoatnal block) or acquired hypenrntabil
1ty of one of the lower cunters the smus node mny lose control of the
rthythm of the heart Under these conditions one of the cctopic pace
makers 1n the atna in the atnoventricular node or n the ventnicle
proper may become the govermng body of the heart temporanly or
permanently If the ragn of the ectopic pacemaker lasts for one or two
beats only ectopic or premature beats occur If the sinus node re
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Linquishes 1ts control for several cycles in succession ectopie tachycardia
results,

Ecroric Beats

Ectopic beats appear to be less common i children than in adults
but no recent figures on their madence are available Lyon and Raul®®
found ectopic beats 1 006 per cent of a large senes of healthy newborns
and i 22 per cent of healthy school children Landtman'® in lus de-
tailed book on arthythmuas of children found ectopic beats m 1.53 per
cent of his cases Supraventncular premature beats are more common m
children than yentnicular ectopic beats

Figure 13> Electrocardiogram {top) and nght ventnicular pressure traciog ob-
taned with cardue cathetenzation {bottom) The first electrocardiographic beat s
followed by a mormal beat wn the nght ventnde The second QRS complex 1s equally
followed by a normal ventnicular complex, The third QRS complex s a premature
one and 1s followed by a low pressure tracing within the ventncle After thus a com-
pentatory_pause follows, and the vormal beat following the compensatory pause 15
considerably hugher in the nght sentncle than the normal beat and the premature beat

Physiolomcally the premature beat 15 a less than completely ef
fectne contraction because of the sharter than nermal diastolie flling of
the ventncle In contrast, the succeedng normal beat, if separated
from the ectopic one by a compensatory pause 1s a stronger than average
contraction because of the extra long diastohe filing time (Fig 135)

Emnovocy

The majents of patients wath ectopic beats have normal hearts
However rh fever subendocardial sclerosis, ditis and




182 ACQUIRED HEART DISEASE

drugs (diptals quimdine) may all contribute to their oceurrence For
tunately for the pethatrician coronary discase pregnancy alcohol and
tobacco~all common causes of premature beats m adults—do not have
to be considired m the ctiology of this arrhythmia mn the majonty of
cluldren

Crisicar PicTURE AND DiFFERENTIAL DiacNoOsts

Premature beats usually cause no symptoms aithough older children
may find them annoying if they occur several times per munute 1t may
be of interest to mention that the extra strong postextrasystohe beat 15
often noted by the pattent as a thump whereas the premature beat
awself may pass by quite unobserved Supraventricular that 15 atmal
or nodal premature beats should be suspected from the clinical examima
ton of less than a complete compensatory pause 15 present In contrast
ventricular premature beats are followed by a complete compensatory
pwse One further pomt 1 differential diagnosis 1s that whereas the
first sound of the supraventricular premature beat 1s always accentu
ated the first sound of the ventricular premature beat varies from normal
to loud to dimmished # depending, on the time interval between the QRS
complex and the preceding P wave If the atnal contraction occurs only
a short time (less than 0 12 second) before the QRS the first sound will
be loud If the P R interval 15 long the first sound will be dull

Ectopic beats ongmnating from a normal heart are usually easy to
distinguish from those occurning m a diseased heart To begin wath
premature beats are seldom 1f ever the sole mamfestation of heart
disease 1n children if carefully searched for other evidences of cardiac
abnormality (murmur card ly electrocard phic evidence of
hypertrophy or elevated sed 10n rate) are d able if there
15 underlying heart disease Exercise abohshes premature beats onginat
mg from a normal heart, whereas they are commonly exaggerated on
exercise if heart disease 15 present The presence of heart disease should
be suspected if the premature beats show varying configuration (sug
gesting multifocal origm) m the electrocardiogram On the whole
ventricular premature beats are relatively more common m patients with
heart disease than in those whose cardiovascular system is mtact

Excess digitalis administration usually causes supraventncular pre
mature beats 1z children although the occurrence of ventricular prema
ture beats particularly m bigemenal rhythms 1s practically diagnostic of
digitoxiaty Quuudine ntoaication 1s more Iikely to cause ventricular
than supraventnicular premature beats

A senes of cctopic beats (usually though not mmvanably supraven
tncular 1 ongm) may be encountered 1 newborn babies keen ob
stetncians have discos ered the presence of this arrhy thmia when hstening

to the fetal heart The ectopic beats may be so numerous that the rhythm
1s totally wregular but the over all rate 1s seldom more than 140 to 160
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beats per minute The prognosis of this “arthythmua of the nowbora” s
usually good and 1f not accompanted by other evidenecs of heart dis
ease it usually disappers without treatment within the first ten days of
hfe It should be eled 1 hucally diffe d however from
congemtal atrial flutter a rare and senous abnormality usually assoctated
with subendocardial sclerosis

The dagnoss of premature beats should usually be based on the
electrocardiogram  Marhed sinus arrhythmiy sinoatral block and oc
casionally even atnal flutter or fibnllation may have ta be considered m
the differential diagnosis Although exercise tests nspection of the
jugular vcnous pulse and careful observation of the heart sounds may aid
m determming the nature of the arrhythaua by clinical means i most
wstnces the little effort and expense spent on the L[ectromrdmgam m
return for an accurate authontative expl of the childs
are fully appreciated by the parents

TREATMENT

Premature beats 1n themselves unless they occur froquently require
no treatment but the question of underlying heart disease should be
gnen careful therapeutic consideration m every mstance Ventricular
premature beats are always more wornsome than supmvenmcuhr ones

h

because of thewr possible mto v lar t
1f the ectopic ben\s are clearly the result of ps)chologlcal factors
W n ble ad and the jud use of phuno

barbital or Serpasil may abolish them 1f treatment by these simple
methods 15 not successful and the arthythma s of concern to the patient
then speclﬁc caxdmc drugs may be administered depending on the site

of the \ revlar p beats should be treated
wnh dngm\hs \enlncular premiture beats with quumdine or Pronestyl
chlonide ad d orally may be effective for both supra

\enlncular and ventncular premature beats The dosages are outlmed 1
Table 12 Before either digitalis or qumdme 15 admmistered the
phvsian must be certan that these drugs do not m fact cause the
arthythmia If any doubt exists 1t 15 a good policy to discontinuc all
medication for a period of days or weeks

Fcroric Tacincanoia

A senes of premature beats at rapid rates 1s called ectopic tichy
cardia The duration of the cetopic thythm may be from a few seconds
to several years

Simple Paroxysmal Tachycardia

Usurpation of the normal sinus thythm by an ectopie focus results
wm simple paroaysinal tachy cardia charactenstically the paroxysm begins
and ends suddenly much as one would abruptly shift the gear of an
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186 ACQUIRED HEART DISEASE

Automobile from a lower to a higher speed Paroxysmal tachycardia 1s
not 2 commeon condition m children At The Childrens Medical Center
m Boston the yearly admission rate of new patients with paroaysmal
tachycardia 15 about two The average peditncian may see one such
case every five years or so Nevertheless it may be wosth while to spend
considerable time 1n discussing this arthythmia since 1t represents one
of the real trcatable cardiac emergencies m children

For obvious reasons there are not many physiologic studies of
people with paroxysmal tachycardin A brave soul would he be who
would attempt cardine catheterization under these conditions A few
studies are available however indicating considerable ncrease n the
arteniovenous oxygen difference and some decrease m the artersal sat
urahon durmg, a paroxysm ® Ammal expenments point to a decrease m
the coronary blood flow and the mean artemal pressure during the
attack These changes are more pronounced with higher rates Ventricu
lar tachycardia results in 1 greater change m the coronary cireulation
than supraventrieular tachycardin at a comparable rate 342

Cunvicar PicTuRe

Paroxysmal rapid heart actron may be supraventricular or ventncu
Iar i ongin and a chmical differentiation of the two types 1s often pos
sible The rate of supriventncular tachycardia 1s perfectly steady from
one munute to the next whereas ventricular tachy cardia may show mmor
varlations 1n rate Reflex vagal sttmulation (eyeball pressure carotd
sinug stmulation  Valstlsa maneuver) may mnfluence supraventricular
tachycardia whereas 1t has no demonstrable effect on ventneular tachy
cardia At auscultation the mtensity of the first heart sound 1s mncreased
but unchanging in supraventricular tachycardia 2
changes 1 sntensity are often noted 1 ventneular tachyeardia

A chnical differentiation between the two principal types of supra
ventncular tachycardia that 1s atnal flutter and atnal trchycirdia s
difficult Reflex vagal stimulation of effective ar all converts atnal tachy
cardiz mto normal rate and rhythm whereas its effect on atnial flutter
1s only one of alterng the atroventricular conduction resulting m an
anthmetical division of the rate such as hahing Eaercise by the sume
tohen does not change the rate of paroxysmal atrial tachycarda at all
whereas m paroxysmal flutter 1t may cause the rate to mcrease m a
mathematical ratio by one third or one half through changes i atno
ventricular conduction

The following chmcal profile of smmple paroxysmal tachycardin 1s
bascd on our obscrvations of forty one cases seen at The Childrens
Medicil Center durmg 2 twenty year penod

The ctiology of parosysmal tachycardia often 1s not known Shghtly
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Figure 138 Age at onse w forty one pabierds with pareay st tackyeandia ¢

more than 10 per cent of our patrents showed clectrocardiographsc evt
dences of the Wolff Parkinson White syndrome another 20 per cent had
congenital hert disease About 20 per cent of the patients had infec
tons myunes or heart tumors or were under the mfluence of drugs at
the time tachycardia occurred \Vhether or not any of these findings
had anything to do with the occurrence of paroxysmal tachy cardha would
be hard to prove but 1 50 per cent of the patients not even such ar
3 was lable to explan the occurrence of par

oxysmal rapid heart action

Analysis of the age at onset m our forty one patients resulted 1n the
interestmg observation that the disease was more likely to start within
the first four months of bfe than th: hout the rest of childhood {Fig
136) It was akso found that m most cases occurning wm young snfants
no ehologie factors could be detected Conversely i older mfants and
children factors were frequently present that mught explain the occur
rence ot Tne tadhycariia Fwdly woen the eudiogic factors were

lated with the sex d 1t was learned that most patients wath
“idwopathic  paroxysmal tachycardia were males (Fig 137) Thus on
the basts of age sex and the presence or absence of possible etiologie
factors paroxysmal tichycardia m cluldren divsdes stself into two groups
one consisting of males less than four months of age without con
comttant disease and the other of older wfants and children of either
sex wha may ar may not have demonstrable etiology for tachycardia
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SEX IN RELATION TO ETIOLOGY
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Figure 137 Sex in relation to etiology of paroaysmal tachycardia m children 2 4

Seven of our forty one patients were not sick and thewr paroxysmal
tachveardia was discovered dunmng a routine physical exammation The
majontty of the mfants however were very 1ll mndeed the picture re
sembling severe pneumonia or septiwcemia These babtes were imtable
and restless with ashen gray or cyanotic color and cold clammy shin
Respirations were rapid and labored@ and often a hacking cough was
present Cardine enlargement was mamfest and the beart rate was rapid
even uncountable with a thready pulse Rales were heard over the chest
and the Iner was enlarged Penpheral edema and puffiness of the face
were noted i some

Fever w1s noted occasionally In a few nstances it could be ex
plamed on the basis of infection alone m others 1t was assumed to be
due to congestine fmlure

A systolic murmur was present dunng the attich in almost half of
the patients but i onlv a quarter of this group—all with murmurs of at
least grade 3 mntensity—did the murmur persist after cessation of the
attach No diastohc murmurs were observed

Results of boratory ¢xaminations were usvally not of much assist
ance Leukocytosis if present could be eapluned by imnfection or con
gestion
The radiologic Sndings werc those of congestive failure with “non
spectfic” cardric enlargement of varying degree and pulmonary conges
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DURATION OF TACHYCARDIA AND DEVELOPMENT
OF “CONGESTIVE FAILURE

24 HRS 36 HRS 48 RS
N CFY 19/ GF 507/ CF
Figure 133 Relation of the duration of tachycardia to the development of congestive
aul

tion Isolated left atrial p was Ily ble The
cardiac beat under the ﬂuomscope was rapid and fceble

Congestive failure developed n shightly more than 50 per cent of
our pahents with paroxysmal tachycardia most of the signs nd symp
toms descnbed are mamifestations of combined left and nght ventricular
failure Analysis of our cases revtaled that three factors seemed to
wfluence the development of heart failure (1) the rate~failure did not
develop 1 any patient with paroxysmal tachycardia m whom the rate
was less than 180 beats per minute (2) the duration of the tachycardia
(Fig 138)—the longer the paroxysm lasted the more likely it was to
lead into congestive farlure (3) the age of the patient—the younger the
child the more hkely was congestive fallure to develop perhaps because
the manifestation of cardiac failure was the first symptom noted by the
mother of a baby too young to complan

The elcctrocardiograph 1s the only consistently reliable tool for the
accurate analysis of these arthythmias About 93 per cent of our cases
fell into the category of sup! 1cular tachycardia that s p
atrial tachycardia (Fig 76 p 78) or paroxysmal flutter Only 5 per
cent of the patents showed charactenstics of ventricular tachycardia
(Fig 83 p 83)

The heart rate during the attack vaned between 160 and 330 beats
per minute Patients wath rates of 300 or more almost always exhibited
flutter () waves m leads IT and IIT P waves were rarely identifiable
they were exther absent or supenimposed on the preceding T wave If P
wayes were present the PR mtervals vaned from 008 10 013 second
In Iy all of reular tachycardia the QRS
complexes werc normal n conﬁgurabon and sumlar to the ventneular
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complexes between attacks Oceasionally however because of the pres
ence of mtraventriculwr conduction block abnormal QRS complexes
resembling ventricular tachycardin may be present m patients who
have m fact paroxysmal atmal tachycaurdia In these cases enact de
termmation of the P QRS relitionship or observation of the effect of
vagal stmulition helps to 1dentify the type of tachycirdia accurately
The QRS complexes i ventricular tachyeardia are by definttion bizarre
and wide and unlihe the complexes seen between attacks The T waves
as mentioned usually blend with the preceding atnal waves hence 1t
15 difficult to descnibe therr charactensties

After cessation of the paroxysm the majortty of the children 1 our
senies showed perfectl) normal electrocardiograms for thewr age In
some evidences of left and night atrial hypertrophy persisted for a few
days In otheis electrocardiograms charicteristic of the Wolff Parhinson
White syndrome were found In 2 few short PR mtervals without
carrespondmg wideming of the QRS complex were observed  Diphasic
or mverted T waves i leads 1 and I with depressed S T segments
were noted 1n some cises immmediately after cessation of severe tachy
cardia of long duration these changes much like the P wave abnormali
ties were transient and lasted for a few days only We believe that the P
wave changes arc due to mncreased atrial pressure caused by congestive
farlure the T wave abnrormahties may be an expression of myocardial
ischemia

TREATMENT

Simple paroxysmal tachycarda can be successfully treated in almost
every instance Before treatment 1s begun it 1s extremely important to
ascertain whether the tichveardia 1s supraventricular or ventrscular in
ongin since the therapeutic approaches to the two groups are entirely
different

The treatment of supraventricular tachvcardia should begmn with
refles vagal simulation First carotid sinus pressure should be tried by
palpating the carotid arterv as hugh up the neck as possible and pressing
3t against the vertebral column first the nght side then the left should
be pressed nuver both sides at the same me The pressure <hould be
sustaned for about thirty to sixty seconds with the stethoscope on the
chest and released immediately when the rhythm changes If this man
euver 1s not effective eyeball p should be 1 The pressure
should be apphed on the closed lids just below the supraorbital ndge
one side at 2 time for about thirty seconds In oldcr children i neither
of these procedures 1s effective an effort may be mrde to stimulate the
vagus nerve by ashing, the patient to perform a Valsalvi maneuver or
making lum vemit by the d of 1 or 2 teaspoonfuls of syrup
of 1pecac
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In our expenence reflex vagal simulation by the methods described
1s usually successful for parorysms of short duration without congestine
fmlure However only rrely were we able to abohish the paroaysm
cntically 21l small babies by these methods

Drug therpy 1s the neat step m the treatment of pwovysmal supra
ventniculr tachycardia In our opmon digitahs is the drug of choice
We hue used digitoun Digoxin and Cedilamd equally successfully
All three of these digitalizing drugs may be gwven parenterally digy
toxm and Digoain may be admmmstered orally as well For the appropn
ate digitalizing dose see Table 12 In most instances the calculated
dosage can be given throughout an eighteen hour period n three divided
doses The oral or lar route 1s ded for the average
patient but in an emergency the intravenous route may be used safely
1f the calculated digitahizing dose does not convert the rhythm to normal
more digitalis should be gnen cautiously about one sith of the cal
culated amount may be admmmstered every four hours until erther the
desired effect 15 achieved or evidences of tomarty appear Incidentally
carotid smus stmulation may be worth attempting after full digitahza
tion 1t may be effective under these cucumstances even 1f 1t had no
effect before digitalization

Digitalis 1f given mn appropnate doses has been successful n the
treatment of all but one of our patients with paroxysmal supraventncular
tachycardia duning the past twenty years Only one person did not respond
to digitalts but she responded easily to P;

ly after full digitahzation

Our expenience m the treatment of paroxysmal atnial tachycardia
with other drugs 15 lmited Quimdine and procame amide are recom
mended by some authors but m our expenence therr pnncipal use 15

d subcu

the treatment of paroxysmal v lar tachycardin Mecholyl has also
been ded for the t of this conditton our expenience
with this drug 1s Iimited but rather unfavorable
C electrocard phic tracings ob d during postop
erative devel of p: ysmal atrial tact dia have revealed the
1 d } pattems of m a few They are
frigh 1 indeed of pral d 1

appearance of atnial flutter with block later suprasentricular or ventncu
lar premature beats and fnally appearance of normal swss vhythm
Hellerstemn and bis associates observed these and other changes durng
comversion by means of caronhd sinus pressure 1

Ventricular tachycardia 1 contrast to supraventnicular tachycardia
does not respond to reflex vagal shmulation Treatment with digatals 1s

contraind d m most though 1t has been successfully used
on oceasion when all other measures faled Qunidine or Pronestyl
d orally or p. lly are the drugs of choice m this

arrhythona
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Frgure 139  Successful use of Pronesty] m reverting ventncular tachycardia to
pormal sinus thythm (lcad II) Comversion occurred after the admipstration of 3 gm
of Pronesty] ginen over a penod of one hour Note (1) sudden reversion oceurnng
witdin two beats (2} ventncular tachycardia at rate of approamately 140 before
reversion (3} reversion to normal sinus rhythm with first degree heart block (pulse
rate 028 sccond)

In our esperience after a test dose of 25 to 50 mg 100 mg of
qumdme cvery two hours should be given for eight doses If this does
not work the next day 200 mg should be given every two hours agam
for exght doses The dose should be gradually increased 1 this vy until
either the tachycardia 1s abolished or toxte effects are noted Among the
chmcal signs of toxicity nausea tinntus and vomutmng should be men
toned The tone effects on the electrocardiogram are mamfested by
widening of the QRS complea by more than 50 per cent of its ongnal
duration

Obviously 1f the patient 15 cnitically 1ll this leisurely schedule of
oral admmstration of the drug cannot be adhered to In these wstances
qumdme should be given 1 progressnely larger doses at hourly nter
vals starting wath 100 mg and continutng up to 200 300 400 or even
500 mg until exther therap or toacity 15 ach d In an emergency
the drug may even be gnen intramuscularly

If quimdine 1s not effective m controlling ventricular tachycardia
procaine amtde given orally or mtramuscularly should be tned The
oral dose 1s 7 mg per pound of body weght, to be given every two to
four hours Intramuscular admumstration for the sicher patient should
start with 50 to 100 mg and should increase by mcrements of 50 mg,
every two hours until the arthythmia ss controlled or tosiaity super enes
The principal tone effects of procame amde are hypotension or the
development of multifocal ventricular premature beats In an emergency
Pronestyl may be gnen mtravcnously under continwous electrocardio
graphic control At first 100 mg should be admmistered duning a peniod
of five minutes this should be followed by the same dosc every five
minutes unti] either the arrhythmia 1s controlled or toxicity occurs (Fig
139) This 1 a dang e d and may prod ventricular
fbnllation but if st 1s used cautiously 1t may serve as a hfesaving meas
ure Seldom if ever should more than 10 gm be admimstered during
one hour even for adolescent patients
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Ve lar tach dia caused by digitoascity should be trcated by
withdrawal of the glycoside and ad on of

Through the judicious and ntelligent use of thesc rather simple
tools most paroxysmal tachycardias m chidren may be reverted to
normal rhythm without difficulty This of course 1s different from
experience with adults The difference may be caused by the struc
turally mtact heart underlying the vast majonty of cases of paroxysmal
rapid heart action n children One cannot emphasize often enough that
1f these children arc treated rationally they should recover without
difficulty and that there 15 no reason for drastic and hurned “catas
trophe reactions when such 1 problem anses Of forty one patients with
sumple paroxysmal tachycardia treated at our haspital all but three
recovered (One patient who died was treated with Mecholyl and one
with an unusually high dose of digitalis accompanied by bilateral carotd
sinus pressure ) The third patient died from a cerebrovascular accident
presumably caused by arterial embolism This comphcation with recov
ery has since been seen in one other child hence it may not be as
mfrequent an event as was thought previously

In addition to the efforts aimed at conversion of the ectopic rhythm
to normal sinus rthythm the treatment of paroxysmal tachycardia should
also consist n the ad of oxygen 1 and perhaps
morphine for restlessness

The change in a desperately sick baby after the cessation of the
tachycardia 1s truly remarkable Within a few hours the color returns
the restlessness and cough disappear and the sensorum clears Within
twenty four to forty eight hours the baby loses its edema occasionally
with a weight loss amounting to as much as 10 per cent of the total body
weight In a matter of days the liver returns to normal size and the
transient post tachycardic P wave and T wave changes disappear Usu
ally xray exammnation shows cleanng of the pulmonary congestion
within a few days but the heart may not return to normal size for seven
to ten days

Propuyraxis

The drug used to convert the rhythm to normal should be admin
istered for at least a month for prophylactic purposes after which 1t
may be ak If are noted it should be
resumed for at least another six months At this pomt sudden cessation
should again be attempted

Digitalis 1 maintenance doses 15 usually effective 1 preventing
the r of suprav lar tach dia Patients with the Wolff
Parhinson White synd should bably recene for
prophylanis in doses of 200 to 400 mg four times a day On occaston
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Figure 159 Successful use of Ironestyl i reverting ventnicular tachycardia to
normal ssnus rhythm {lead 1) Conversion occurred after the admmstration of 3 gm
of Proncstyl given over a pamd of onP hour Note (1) sudden Teverston occurting
within two beats {2) 4 dia at rate of 140 before
revension {3) reversion to nonnal sinus thythm wsth first degree heart block (pulse
rate 028 second}

In our experience after 1 test dose of 25 to 50 mg 100 mg of
quimdive every two hours should be given for eight doses If this does
not work the next day 200 mg should be given every two hours 1gamn
for eight doses The dose should be gradually wmcreased m this way unti
esther the trchyerdia 1s abolished or tovie effects are noted Among the
chmeal sipns of toareity nausea tmmitus and vomuting should be men
tioned The toxic effects on the el d are fested by
widening of the QRS complex by more than 50 per cent of its original
duration

Obviously of the pattent 1s cntzcally 11l this lessurely schedule of
oral adminsstration of the drug cannot be adhered to In these mnstances
quinidme should be given m progressively larger doses at hourly mter
vals starting with 100 mg  and continmng up to 200 300 400 or even
500 mg unti] erther therapeusis or toxteity 1s ichieved In an emergency
the drug may even be ginen mtramusculirly

If qumidine 1s not effective m controlling ventricular tachycardia
procaine amide guen orally or mtramuscularly should be tried The
oral dose 1s 7 mg per pound of body weight to be gren every two to
four hours Intramuscular admimstration for the sicher patient should
start with 50 to 100 mg and should increase by increments of 50 mg
every two hours until the arrhy thmia 1s controlled or toaiaity supervenes
The prmcipal toxie effects of procame amide are hypotension or the
development of multfocal yentricular premature beats In n emergency
Pronesty] may be given intr: Iy under
graphuc control At first 100 mg should be admmustered duning a period
of five minutes this should be followed by the same dose every five
mnutes until either the arrby thmia 1s controlled or toxeity occurs (Fig
139) This 15 a dangerous procedure and may produce ventricular
fbnlation but if 1t 15 used cautiously 1t may serve as a lifesaving meas
ure Seldom 1f cver should more thin 10 gm be admuustered dusing
one hour even for adolescent patients
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Figure 143 Ectopre tachycardia leads I 1T and I We have been follawng up
thus patient for seven ycars and her pacemaker has not changed lthough her rate
has sloved down

i
]

One of these three cases corresponds to what Parkinson and Papp %
called repetitive tachycardin (Fig 77 p 79) a trinsttion between ex
trasystoles and paroxysmal tachycardia According to these authors
a long tracing 1n occasional prematurc beat may be seen alternating
with short runs of tichycardia then agaun a few premature beats The
ultimate prognosis n all Parkmson and Papps cises was good although
m one wstance the attacks lasted s long s ten years They recom
mended quimdme as the tieatment of choice Our case oceurred 1n an
mfant and lasted about three months but treatment with digtalis finally
brought 1t under control with rcturn of normal smus rhy thm

Our other two pahents never had normal sinus rhythm while under
our care Thewr P waves were always 1bnormtl even at slow rates In
the second case digitalis was able to reduce the ventricular rate by
producing a swcond degree atnoventnicular block (Fig 142) while a
fast atnial rate persisted Serpasil in combination with digitalis slowed
the pacemaker ind mantamned 4 8 1 atnoventncular block thus resulting
m the satisfactory ventricular rate of 80 to 100 beats per minute In the
third patient {Fig 143) digirahs alone eventually stowed but did not
change the atnial pacemaker Quimdine Pronesty] potassium and Pro
stigmin were not effective 1n these patients The thythm in both these
children today one at least seven years* and the other at least one and
one half years after they were first seen 1s stll under the control of an
ectopic pacemaher Three cascs of tlus sort have been reported recently
all with good long tenn prognosis>*
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Paroxysmal Atrial Tachycardia with Bloch

A transitional stage between futter and paroxysmal atnal tachy
cardia 1s an uregulanty called paroxysmal atral tachycardia with bloch
Electrocardiographically the arrhythmia consists of regular looking P
waves at a rate of 140 to 180 and normal QRS compleres separated
from the P waves by varying but always prolonged PR mtenvals <
every fourth or fifth P wave 1s completely blocked (Fig 79 p 80}
This arthythmia 1s commonly present n patients with digitoxicity  al
though we have seen 1t in children with pnmary myocardial disease who
had never recened digitahs and mn whom the arthythmia was abolished
by admmstratzon of the glycoside

Because the ventricular rate 15 only moderately rapid the arrhythma
itself probably never leads to congestive fallure However reflecting the
status of the my d or the of severe d paroxy
smal tachycardia with block has senous prognostc wmplications Ac
cording to this line of thought the management of this arrhythmia
should be directed principally toward establishing whether digitalis may
have played a role m 1ts causation If this 1s the case withdrawal of the

gl de and ad of chlonde 1s 1nd d On
the other hand 1if the patient has not taken digitals before then cau
tious ad of a rapidly d glycossde such as Digoxin or

Cedilamd, 1s indicated
Atnal Flutter

One of the supraventricular arrhythrmas most commonly associated
with ses ere heart disease 1s atnial flutter The atria here are 1n continuous
regular activity at a rate of 200 to 350 beats per minute The conditton
1s rare even 1n adults (one 1n exghty patients with heart disease )-%% and
15 much rarer m wfants and children

In 1ts most bemgn form atrral flutter may occur m a previously
normal heart and fest atself as p tachy
cardia with a ventncular rate of 300 beats per mmute or more In this
form 1t 15 no different from other types of sumple paroxysmal tachycardia

In contrast atnal flutter accompanving rheumatic heart disease 1s
of serous prognostic mmportance since m a child it indicates almost
without exception the presence of active cardiis The assoctation of
Autter with congenital heart disease 15 of equally ominons significance
only the severest types of lesions usually accompamed by congestive
faillure and gross atnal enlargement (large atnal septal defect, total
pulmonary venous anomaly ventnicular septal defect with pulmonary
hypertension) mamfest this an'hylhmna Occasionally we hme seen

atmal flutter appearing as a of
closure of atnial septal defects Fmall) we have encountered this arrhyth
mia n with sub dial

sclerasis 1 one fatal mstance
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this was the first mamfestation of heart disease m a newborn wfant and
m another fatal case 1t was associated with digitalis mtoxication

The electrocardiographic features of atmal flutter have been dis
cussed and illustrated previously (see p 79 and Fig 49 p 57)

Two prevailing theories on the nature of impulse formation mn futter
will be mentioned The older and m the eyes of many the best expla
nation for the rapid atnal actnaty 15 the one proposed by Lewis %
Elaborating on theones of others he proposed that no one smgle focus
1s responsible for the presence of flutter but that the atrra are m one

Dus  circus t"~a wave of impulse mncessantly gomng
around the two atria In recent years Prinzmetal 7 using cmemato
graphic tech serwously chall d the vahdity of Lew:s views and

proposed his “unifocal” theory according to which the impulses in atrial
flutter much as n parovysmal tachycardin ongmate mn onc ectopic focus
somewhere 1n the atna According to this theory of the atnal arrhyth
mis paroxysmal tachycardia and flutter are not qualitatively but only
quantitatively different from each other

The proponents of this unifocal theory seem to increase m number
with the vears The only pertinent observation I can make on this sub
ject also favoring Prinzmetal s theory 1s to point out the surprising ease
with which paroaysmal tachycardia flutter and fibnllation may convert
mto each other within a matter of a few mnutes or hours

CLvicaL PicTure

The suspicion of atnal flutter should be raised in any patient who
has a regular pulse rate of 180 beats per mmute or more If by carond
smus stmulation the rate can be decreased to one half or one third
or f by exercise the rate can be increased n the same proportion the
chnical diagposts of flutter can be made with assurance Absence of these
vagally mduced changes does not however, exclude the diagnosis of
atnal flutter

The clinical profile 15 not significantly different from that discussed
m the section on Stmple Parosysmal Tachyeardia eacept that because
of the relatnely frequent association of this condition with structural
heart disease the symptoms my occur earlier and i more severe form

The effect of flutter on the arculaton depends largely on the
ventricular rate If only one third or one fourth of the mpulses are
carmed to the sentricles the arthythmua is tolerated relatinely well
Although the patient feels better when converted to normal sinus rhythm
If the ventncles respond m a 11 or 12 fashion congestive failure

cnsucs
TREATMENT

The drug of choice 1 the treatment of flutter 1s digitalis One effect
of the glycoside 1s to ncrease the atnoyentricular conduction time and
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by so dowg to worease the ratie between atral and +entncular beats
by wirtue of tus ventneular slowing alone the patients symptoms may
wnprove a geeat deal and congestive fulure may disappear Purhaps
cven more waportant digitalis my convert atnal futter ather dircetly
mto norml swnus thythm or more commonly frst mto fbrblation and
then to normal sinus shiythm Dagitabss 1 the dosages mdbeated {Table
12 p 184} shoold be uscd

1f flutter does not change wto ponmal swus rhythm after admn
sstration of n adeguate amount of digitahs sudden cessation of the drug
for two or three days way result in the deswed effect M futter or fbolla
tion shll persists admustration of digatals 1o doses resulting m 1 8 or
14 block should be resumed and quinidine should be added to the
regamen according to the schedule outhned on page 191 Quunidine
should not be wsed in the treviment of fiutter (o1 Sbnllation) without
previous digitalization sinee it may yesult transiently an a Iugher ven
tricular rate

Results of treatment vary with the underlymg heart condition
Almost all cases of futter ougmating from a nermal heart and mamfes{
g themselves as paroaysmal atnal tach dias can be
treated with digitals Conversion m the patsent with severe rheumatic
or congenttal heart disease cinnot be expected 1n more than 50 per cent
of the cases If atnal futter persists wn the face of ugorous attempts
at conversion one ought to mm at mamtamimg a 1 3 or 1 4 atneven
tricular block with digatabs

Embohe compbeations m conversion of ectopie tachycardia are
rare m children although they have occurred at least twice m the last
twenty years at The Childrens Hosputal

Atrial Fibnllation

The severest type of suprventneular arrhythoma s atral fbnlla
non The atrsa are m continuous wregular motion at & rate of 400 to 700
beats per muinute The ventncular response depending, on the atnio
ventsicular conduction 1s always only a fraction of the atmal rate but
it 15 equally and totally wregular

Although 1ciopathic atral Sbrllation  that s fibnilaton onginat
wg from an anstonucally normal” heart does reportedly eist m adults
fibrillation 1w children adways means structural heart disease usually

severe active thewmnatic cardstis Severe congemtal heart disease spe
cifically atrial septal defeet ventncular septal defect or Ebstem s anomaly
of the tncuspid valve alse may be associsted occasiomally with s
sregulanty On the whole 1t 1s not a common wrhythmsa It occurs i
less than 5 per cent of chldren with theumatic heart disease’®! and con
siderably less Erequently m panenrs with congental heart dxsmsc

The has been d d and sllus
trated previously {p 81 nnd Figs 50 p 58 aod 80 p 81} 'The type
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for three minutes or more without cardisc massage Recovery, m a
cardiac sense has been reported after constderably longer periods of
ventricular fibnillation

Ventnscular fibnllaton cannot be diagnosed chimcally but it may
be suspected if a child dunng anesthesia operation or cardiac cathe
tenization suddenly loses completely his blood pressme his penpheral
pulses and heart sounds About 10 per cent of the patients with cardiac
arrest have ventrreulr fibnllation

If one 1s fortunate enough to hwe an electroeuwdiogram connected
to the pattent one¢ may follow these stages in ominous succession
(1) occasional ventncular premature beats some with long Q T inter
vals (2) development of a seres of ventncular premature beats mnto
ventricular tachycardia (8) appearance of ventricular flutter—the QRS
complexes of ventricular tachycardia widen until they appear as a con
tinuous regular sme wave at a rate of about 200 beats per mimute
without a clear cut distmction of QRS compleaes ind T waves and
(4) finally these complexes become wrregular in size shape and rhythm
Ths 1s called ventricular fibnllation

TREATMENT AND PREVENTION

Prompt 1nd well orgamzed treatment of this condrtion is of utmost
importance the patients survival depends on action within sty seconds
The plan of treatment for cardiac arrest will be discussed later (sce p
207)

Almost more important than the treatment of ventncular futter
and fbnllation 1s thewr prevention Since the occurrence of this often
fatal arrhythma 1n children 1s almost always dependent esther on an
operation cardiac or otherwise or on cardiac cathetenzation and not
pnmanly on myocardial disease certun preventive measures are pos
sible (1) Choose the proper anesthetic and method of induction (2)
Avoid anoxia by the admmstration of an extra amount of oxygen at
cntical periods such as when dye 1s mjected duning angrography or
when ventricular premature beats appear duning operation (8) Prophy
Iactic mmjechon of procamne into the pencardial sac and mto the myo
cardium 1f this 15 gomg to be mncised Pronestyl should be administered
mtravenously 1f ventricular premature beats appear i any appreciable
number (4) The electrocardiogram should be used continuously dur
g operation to indicate the danger signals

ARRHYTIIMIAS CAUSED BY CONDUCTION DEFECTS
SivoaTRIAL Brock

The absence of a P wave caused by failure of the impulse to reach
the atnum from the sinus node 15 called smoatrial block Since the only
indicator of the actiity of the sinus node 15 the contraction of the
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atrwm and the ¢l 1 pt ted with it 1t 15 obvwusly
impossible to distinguish between faslure to form smpulses withis the
node and fadure of a sinus impulse to reach the atnum By conveption
then thsappearance of the P waves m the electrocardiogram through
one or several eycles s called smoatnal block

The maldest degree comsists of an occasional dropping out of a
Buave (Fig ™ p 77} In other mstances the halving of the rate may
persist for several mmnutes gving rise to marked bradycardia and even
to Adams Stoles syndrome Persistent smaatml block 15 almost ua
known 1 chddren however 1 dropped beats occur sel!
frequently w patients having sheumatic cardis primary m) ocxrdml
disease or digatalis intoxication and also i persons without heart disease
espectally 1n the newborn

No symptoms result from this arhythima i children T have never
scen Adams Stokes attacks resulting from st, although obwiously they
do occur s adults

'l'he dzagnos:s usually rcs!s on lhc electrocardiogram  although

to by a doubling of the

rate should suggest it even wﬂhout an electrocardiogram

Smoatnal block dees not requue treatment unless the underlying
heart disease needs attention

ATRIOVENTRICULAR Brocs

Atnoventrcular block 1s an wterference with the normal conduction
of the umpulses from the atria to the ventncles through the atnoven
tneular node There ase several degrees of block

TI'izst Degree Block

Fust degree atrioventnicular block 1s defined electrocardiograph
ically as a P R mterval longer than that expected from the patients age
and heart rate Tt cannot be empbasized strongly enough that a pro
longed P R unterval does not necessaridy ndicate heart disease as a
matter of fact, in at least oue study 5 90 per cent of the patents with
first degree bloch had no other cvndences of heart disease Among Lhe

ehologie factors should be h casditis

hieart disease {atrial septal defect, Ebstems anomaly) prumary myo-
casdial disease diphthena digitalis and much less commonly qumdine
wtoxicaton Long P R ntervals of rheumatic carditss may be reverted
to normal by the ad of awropwe ** perbaps 1nd g the
vagal rather than mvocardil ongm of this phenomenon Fxrst-degxee
heart block per se daoes not cause symptoms or require treatment

Second Degree Blach

In sccond degree atrioventscular block an occastonal P wave 1 not
conducted to the veatricles at all This may happen haphazardly or it



204 ACQUIRED HEANT DISEASE

may occur once every three four or five beats It may also be noted as
a so called Wenchebach phenomenon, within a series of progressiely
prolonged P R intervals culmmating mn the complete blocking of one
atrial impulse (Fig 52 p 59)

Second degree block 15 not common in pahents without hewt
disease The etiologic factors responsible for first degree block are the
most sigmficant factors causing second degree block 1s well No treat
ment 15 Yy except as ind d by the underlying heart disease

Third Degree Bloch

In third degree atnoventnicular biock (complete heart block) the
atna and the ventricles beat independently Their rates are different
and 1n contrast to atrioventncular dissociation the ventricular rate s
always the slower of the two

PinsioLocy

The ventricular rate 1n children with complete heart block 1s con
sidcrably faster than in adults with acquired heast block The pulse
rate 1s usually fixed between 40 and 60 beats per minute it 1s less than
40 1n only about 10 per cent of the cases A change of more than 20 beats
per minute after exercise 1s noted only rarely although an increase of
10 to 20 beats per minute occurs frequently If the myocardum 1s
good condition the cardiac output at this rate can be mantamed within
normal hmits at the eapense of an mcreased stroke volume Because
of the ncreased stroke volume and the Jary peripheral vasodil
tion wide pulse pressure will be noted Of twenty two patients with
complete heart block studied at The Childrens Hospital none had a
pulse pressure of less than 30 mm of mercury while i half of the
patients 1t was more than 50 mm

Eniorocy (TasLe 13)

Complete heart block i children 15 usually congenital n ongin
Rheumatic heart disease seldom 1f ever causes thud degree bloch m
this age group Of our twenty two patients two had definite cyanotic
congemtal heart discase (one with dummnished and the other with
wcreased pulmonary vasculature) and in two others cardiac catheten
zation revealed a left to nght shunt at the low atrial level (? ostium
prmum) Three patients were thought on chmeal grounds not to have
associted hert disease {no murmurs no symptoms normnal roentgeno
grans and electrocardiograms) In the remaming, fifteen patients vanious

ted ] cardiac Iies were suspectcd (ventricular
septal defect atrial scptal dufect aortie stenosis and pulmonary stenosis)
but i three of these right heart cathetenzation fatded to reveal any

left to nght shunt
1t has been assumed ¢ that congemtal heart block 1s commonly
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Tuble 13 Ltolo.y of Congemial Iieart Roch s 22 Pabents

No heart disease {no murmur normal x ray and ERG} 3 patients
Befinste congental heart disease 4 paticats
a Cyanate 2 patients
b Lef to nght shunt « patients
Possible congendtat heart discase 15 paucats
o shunt ab wenous catheterizatian 3 patients
Tentative diagnoses sn athers
Ateial septat defect
Ventrwcular septal defect
ASortic stenosiy
Endocardial fhroclastons

asspaiated with ventacyle septal defect \Much of the evidence on whch
s assumphion 1s based 15 purely clmcal namely the presence of a
harsh systobe murmur at the lower sternal border From the embryo
logic viewpotat it seems rather unbihely that an isolated small sentrsculsr
septal defect usually located hugh and antemor i the membranous
stptum would fere with the devel t of the bundle of His
whach runs P ly and 15 well developed before the formation of
the septa 3 In fact « fow cases of congemstal heart bloch with ven
tncular septal defect confirmed at postmortem esamunabion have been
desenbed m the hterature but certawly far fower than would be sus
pected on chncal prouads

One further etiologie factor to be mentioned 15 endocardsal fbro
clastosis which has beer found at postmortem examnation in patieots
with congemtal beart block and may very well explam the elincal and
physiologe findings 1 some of these pitients

Briefly thes on the baus of our own experience and a review of
the hterature 1 do not bibeve that ventncular septal defect 15 as com
monly assocrated with complete heart block as was hutherta believed
Thid degree heart bloch may well be asseciated with a vanety of
cyanotic or aCvandtic congemtal heart diseises or even endocardial
fibroelastosis 1t 15 also suggested from our material that complete heart
block per se may not cause cardiac enlargement murmurs or eledtro
cardiographie changes

Cunicat Pictone

In the majponty of the it s & d during a
routme physical dthough on dose g g 3 history
af fatigue may be obtasmed i about half of the children In a fow
mstances the uregulanty of the hart beat or the appearance of “spells”
is noted by the parent Some of these patients ase underdeveloped and
have a hustory of occastonal cyavosis We hase not seen true Adams
Stokes attacks m any of these youngsters althaugh one of them had
convulsions possibly epdeptie Two patents had evidences of con
gestive fatlure
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A grade 3 or 4 harsh blowmg svstolie murmur was heard at the
left sternil border 1 mineteen of our twenty two children Low fre
quency euly or mud diastolic murmurs were Also notcd i more than
half of these children Threc patients showed no murmurs at all nd
had normnl rocntgenograms and eleetrocardiograms

The chwgmg mtensity of the first heut sound depending on the
prosumity of the QRS to the precedmg P wave has been noted re
peatedly and 1s characteristic of complete atrioventricular block An
atral or fourth heart sound often cwn be detected by the stethoscope
and d ated by ph d (Fig 104 p 101}

Roentgenologic evidence of cardire enlargement was found in more
than half of our patints In most instances the enlargement was general
1zed imolving all cardiac chambers The status of the pulmonary vascu
latyre was vanible

The electrocardiogram of course showed complete 1tnoventricular
block m all In twelie of the twenty one patients n whom complete
electrocard were ob d additional abnormahties such as left
ventricular hypertrophy with or without T wave changes or evidences
of atrial hypertrophy were found In all mstances the QRS complexes
were of the normal supraventnicular type Atropmne or ephedrine given
m an attempt to speed up the venmncnlar rite was followed by an
appreciable rise 1n pulse rate m only one mstance

Counse AnD PROGNOSIS

On the whole the course of this group of patients 1s rather satis
factory Only one of our twenty two patients died~1 boy with tetralogy
of Fallot The others lead normal active lives with few if any hmta
tions Campbell and Thorne™ followed up seven patients for twenty
five years and observed no sigmficant changes mn cardiac status Obwi
ously the presence and the nature of the associated cardiac nomaly
determine to a great extent the ultimate fate of these children Con
gestive failure 1s more hikely to be caused by the coexssing heart discase
than by the heart block itself Adams Stokes attachs are common n
adults

One of our two patients wath cyanotic congemtal heart disease has
now reverted to sinus rthythm This phenomenon n patients with con
gemtal heart dusease and complete heart block has also been mentioned
by Campbell and Thorne ¢

TREATMENT

Smce most of our paticats with complete heast block are relatively
symptom free we did not feel yustified m attempting to mcrease the
ventricular rate In adults mn whom Adams Stokes atrrcks are common
the continuous oral admuustration of ephednne may be necessary Dt



ARRMYTHMIAS 207
4

and other may be mdicated if cardiac
failure occurs

Carmiac ARREST

Camplet of the }? can be ded as the most
serious arrhy thima imagmable hence st may be discussed i this chapter
on the disturbances of rhythm

Close to 90 per cent of cardac arrests are based on complete
mechamesl and clectrical asystole n the other 10 per cent ventmeular
Bbrllation 15 the underlymng mechamsm ® * Dafferentiation between the
two 1s impossible without an el hog At the of g table
the heart may seemn to be entuwely motionless oa direct nspecion but
the electrocardiogram still may show fbnllary activity

Cardiac arrest has d much mare f 1y m chyldren swee
the ntroduction of cardiac surgery Johnson and huby **$ discussing
prnapally adults placed the smedence at about one m 5000 operatsons
Before the era of thoracic surgery the only etwloge factor of any nig
mificance was vasovagal reflex that 15 sudden cardize standstill during

or d of un heal tube

The physiologie effects of eardiac arrest concern primanly the bram
Lach of an adequate supply of oxygen to the central nervous system for
three wimutes or more usually results m ureversible damage {blindness
convulsions severe mental deficiency} even i the cuculation later 15
restared

The chmeal recognition of cardiac arrest durnmg operation rests on
the absence of blood pressure and pulse and on the cessation of bleed
wg Dilatation of pupils respiratory arrest and generahized cysnasis are
late signs Zoll and hus assoctates®™ recommended the use of a cardiac
momtor far wstantancous recogmtion of asystole during operation

The most wnportant pont m the management of cardiac arrest 15
ity Adequate prevents hwve been outlined 1n the
sectian on Ventrewlar Fibnllatwon {(see p 201)

If cardhac urrest does oceur however carly recogmtion and prompt
treatment within three minutes according o a well sehearsed plan are
of the utmost wmportance

‘The first step an the treatment of cardiac arrest 1s the establishment
of an adequate away thraugh an mtratracheal tube Pure oxygen {10

to 15 mm of mercury pressure) can be ad) 1 through this
\Vl&\l[\ Tless d\ﬂl\ one minute
While the awway 15 bemg fuced eternal stunulation of the

heart may be undertalen If the chest 1s closed thes may be accom
phshed (1} by pounding the left precordium {2} by the mtraduction of
a needle through the chest wall (3) by ntracardiae mjection of epin
ephinme {03 10 02 cc of 1 100D solution) or {4) by usmg 2 cardiac
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pacemaker 3! No more than a total of two minutes should be spent 1n
eaternal 10n and blish of an urway
In the third minute of asystole if the chest 15 closed—or immediately
upon recogmtion if the chest 1s open—cardiac massage should be started
As the massage 15 started procame should be imjected mto the pen
cardium
The effectiveness of any of these procedures may best be judged
by the return of a palpable pulse a measurable blood pressure and a
constriction of the pupils
Once cardiac action has been started again—and only then—an
electrocardiograph should be connected to the patient for accurate
analysis of the underlying mechanism
If the electrocardiogram shows ventnicular fibnllation defibrillatory
measures should be undertaken by means of an electrical defibnllator
delnermg 15 to 20 ampere shochs One electrode 1s placed over the
atrta the other on the postenior surface of the heart Three shocks each
strong enough to throw the entire body mto a violent jerk should be
dehvered n successton A few seconds should then be llowed to elapse
m order to judge whether normal mechimsm has been re estabhshed
If not massage should be resumed for a few mnutes followed by
repeated attempts at defibnllatton In the meantime potassium chloride
{5 to 10 mEq ) or procane amide (30 to 100 mg repeated every ten
minutes) may also be mjected mto the ventncles The alternating use
of defibnllation massage and drugs ts recommended until normal
cardiac function 1s resumed or for at least tharty minutes after the
occurrence of the arrest
If the electrocardiogram indicates absence of ny clectrical activity
of the heart massage should be maintamed for at least sixty munutes
with a good oxygen supply Admmstration of caleum chlonde (2 to 4
cc of a 10 per cent solution) cpmephnne (01 to 02 cc of a 1 1000
solution) or Tsuprel (1 cc of a 1500 solution) intracardially s also
recommended
By the prompt use of these resuscitative methods 1 certain number
of patients may be restored to life Kiby and Johnson'™® were able to
resuscitate ten of mineteen adults most of whom did not have cardic
disease In larger senies only 25 to 35 per cent recosery is reported
Obsiously a patient without heart disease responds better and more
promptly than one 1 whom there 15 a cardie defect Equally clearly
the sooncr the resuscitatine measures are stirted the better the results
will be




CHAPTER 10

Myocardial Diseases

Thscases affecting pr iy the my drum will be d d wm flus
chaptcr \hacardm] dxseasc thus ss contnstcd wath rheumatic feves and
dfivs (10 which end dal insohiement 1
almost a sme gua non) \vnh penicarditis and the arthythmias {which
purely ¥ ) and with 1 heart

d\staxe (typical examples of structaral defect)

PRIMARY M1OCARDIAL DISEASE

As a purely chimical entity primany myocardsal disease 15 character
wed by changes m the myocardhium not assectated with any other known
disease These patients have {1) cardiac enlargement without sigmficant
murmurs and (2) elcctracardograplne aboormakties prineipally changes
wn the ST segments and T wates

None of them have (1) evidences of left to-nght or nght to-Jeft
shunts {2) pencarditis (38} paroaysmal atnal tachheardia (4) artenal
hypertension {5} renal discase {f) neuromuseular diseases {Fred
n:mhs amxm or muscuhr dystrophy} or {7} wnfectsons (streptococcal

acute h and so forth} precedng or
assocrated with the dxsease \{ost of these conditions can easslv be ex
cluded from the diff but tly the of
fever pulmonarv rales and haxsh breath sounds makes the differential
diagnosss between congestive falure consecutne to myocardial discase
and my dial disease dary to an duagly B
cult one hauovang the ranty of heart fakuze 10 even the severest attacks
of pueumonia 2t 15 my belief that m mast of these cases the wyocardial
wnohvement probably precedes the mfection This contenticn finds a
practical demonstration 1n the benefical effiect of anticongestrve measures
on the pulmonary changes of these patients

Seme years ago m order 1o Tearn the etology of prmary oy oeardal
disease  Rosenbaum Nevhauser aud I collected forty five cases with
chnscal syndromes of the disease from the Sles of The Childrens Meds
cal Center * Twenty six of these children died and were exapuned
post mortem  The five pathologw entities producing this clucal syn
drome and therw frequencies ase Isted m Tuble 14 1t ma) be seen from
this table that most of the patients bad subendocardial selerosis {endo

209
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Table 14 Autopsy Findings i 26 Cases of Prumary Myocardial Disease

Discase Number of Cases
Glycogen storage disease of the heart 3
Aberrant left coronary artery 1
Medial necrosts of the coronary arteries 2
Idiopathic myocarditis 10
Subendocardial sclerosis 10
Total 26

cardial fibroelastosis) or 1diopathic  (inflammatory) myocarditis
{Fedlers) 117

Nineteen of the forty five patients are ving and well What the
anatomie diagnosis 1s mn these patrents can only be surmised However
they are likely to fall into the category of either wdiopathic myocarditis
or subendocardial sclerosis because of therr survival and even mprove
ment through months and years As will be pomnted out later 1n accurate
duff 1 dhagy m wvivo b these two cond 1s pr Iy
mnpossible

In the following pages the five etiologic entities encountered at
postmortem exammation will be described first and then a discussion
of our nineteen hving patients will be presented Table 15 summanzes
the pertinent chmceal findings

GLxCoGEN StoRAGE DisEasE oF Tie Hearr

Since Pompes ongmal descniption ™ 1n 1933 less than forty well
authenticated cases have been reported in the hterature 3 The funda
mental difference between cardine ghycogen disease and the hepatorenal
type has been stressed by all concerned The two never overlap as a
matter of fact hepatomegaly (for reasons to be given later) 1s probably
a less common feature of glycogen storage disease of the heart than of
other types of prumary myocardial thsease

The histologie picture 1s cf 1zed by 1y large glycog
deposits 1n the heart and sheletal muscles {Bests carmine stam)} Few
quantitative glycogen determmations on biopsy matenial or fresh post
mortem specimens are available However all the evidence so far pomts
to a considerable increase 1n the glycogen content of the heart (6 to 8
per cent of fresh weight mstead of 1 per cent) and sheletal muscle (15
per cent mstead of 05 per cent } % There 1s evidence that the glycogen
may not be abnormal i structure since n sheletal muscle autolysis
takes place at 37° C ata normal rate and in heart muscle the rate of
autolysis 15 only shghtly slower than normal It 1 mteresting to note
that the mcrease n ghycogen content m muscle does not account for
the tremendous mercase m heart weight much of which 15 probably
explaned by the accumulation of water 344 There 1s no well accepted

1
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Toble 15 Clnscal Awds wn the Enclogical Digf of Primary dral
Disgase
Ageat Famlp  Congestrie R
Drsease Ot Hinery Fadue emarks
Giycogenstoragedss-  2~6 months  Oftens Abeent  Skeletal muscle biopsy
ease of the heart positne may show hugh glyco

gen content

Aberrant left coro 2~§ months  [vegative  Abseat Sywmgptoms often occur 13
nary artery attacky  chest x ray
may show bulge i re-

gon of lelt ventngle

Medsal necrossof the  Lass than Degati ¢ Absent  May have assoesated con
coronary artenes 3 months genital anomalies often
¢ wdence  of systemuic
disease espeeialiy with
renal mnvolvement

Idopatiue wyocar  Throughout Negauve  Present  Gallop riythm common
s

pediatne congeshive faslure often
age range responds well to dige
tahs
Subendocardial Throughaut Negalive  Prescat Cannot be d ffereatated
sclerosis pediatne clncally from  adon
age range pathic myocardstis
baoch 1 expl for the 1 of glycogen m the heart

and skeletal muscles except that 1t probably mvolves some diffieulty n
phosphorylation

The disease 15 commonly a famibal one and 15 usually sex linked
withm the same famuly consangumnsty s frequently present The chnical
yxcture s domnated \muaﬂy by a tremendously enlarged heact with

tively few P i paor weight gain cough
vemiting and abscesses have also been noted Dyspnea and spells of
cyanosss wswally oceor later Ewidences of nght sided heart failure are
relatively rare if they oceur they are termmnal events At physical ex

one 15 1T d by the ly farge heart with enly shght

if eny murmur !n the tho pzmems whom 1 have bad the opportuatty to

observe p the of the lung by the tre

mendous heart was the most promment physnical Iindmg The presence
of macroglassia may suggest 1 the ciff

Results of lak umed at & the ade

quacy of glycogen mehbohsm {fasting blood supgr glucose tolerance
epumephrme tolerance and vnnary acctone determunation) are usually
within normal heants in patients with gl)cogen storage discase of the
heart The radiologic pscture 15 ch d by diffuse cardrac enlarge
ment normal pulmonary vasculature and a poor beat at fuorescopy
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Figure 144 TPosteroantenior radiogram of a baby with glycogen storage disease

of the heart A At buth B At threc weeks of age
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Figure 145 Electrocardingrams of a baby wath glycogen storage disease of the
heart 8/31/1951 The clectiocardiogram at buth and 972671031 shortly before he
went mto ventricular fibnllation Note the normal § T scgment upnight T in Jead T
1 the first tracmng and the markedly dovated S T scgment 1n the second and thurd
tracings 10 lead T Also obsene the pomted § 1n the last tracing with nonnal 1 waves
1 the first and second ones Ially note the upright T an lead V4 in the traung of
8/31/1951 with merted T wase on 9/9/1951 and 9/26/1951
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Tucally 1

Electroc of left ventncular hypertrophy with
chnges i the ST scgmen!s and T waves are noted

A personal obscrvation 1eparding the tune of devdopment of these
changes 1s of puticufar mterest At The Childreans Hospital we had
carcd for tho sibhags with ghycopen storige diserse  The family novficd
us imsedustdy after delisery wlyout the ars 1l of 4 third child Physical
and radial and ¢k hographic studics showed the
snewbom to be pesfeetly normal an all l’L‘SpL(‘fS Cardiomegaly and
electrocarchographue changes fiest appeared when the child was three
weeks old and death m sentmeular Sbnllation ensued at four weeks
(Figs 144 and 145)

According to the hterature symptoms never occur at birth but are
always present by the sixth month of hife nd sudden death without
congestne fatlure almost always accurs before the cmld has reached
one year of age Therapy s usually of no aval

ABerraNT Omicin oF TiE CORONARY ARTERY

This 15 another rare anomaly less than Bty cases have becn
reported Because of » developmental anomaly in the embryologie dina
sion of the common artenial trunk the Ieft corcnary artery ongmates
from the pulmonary artery rather than from the aorta In other and
even rarer cascs the rnight ot even both coronary artenes may ongimate
from the pulmonary trunk

Physaol 1y the hand s twofgld the blood perfusing the
heast has the low oxygen content of the pulmonary arterv rather than
the full saturation of the sortic blood and the perfusion pressure after
the neonatal penod s only about a quarter of that of the systemie o
cait That the first handicap may not be the more wnportant one 15
suggested by the obsenaton that patients wath cyanohic congemtal
heart disease whose coronary artery bload sometimes has an estremely
low ossyen content may do verv well for many years The crucial roje
of the low perfusion pressure of the caronary artery 15 suggested by the
fact that ifants rarely get into severe difficulties with thos contibon unt}
they are some months old thas may be explaned by the Fret that the
pulmonsry arterial pressure ss relatnely hagh i voung wfants and
undergoes a general decrease as the babv gets older

The chimcal preture was frst descobed by Bland White and Gar
land ** Symptoms vsually oecur between the second <nd_SthTménths
of Tfe and death ensues before one year of age The charactenstic
symptoms are epsodes of coficky pam pallor cyanosis tachyeardia
tachypuea and persprration These are bilcly to accur “at feeding ume
and last for a fcw minutes fhry resemble angmal attacks of adults
Between these spells the nfant 15 usually well al(huugh the heart 1s
lage An colarged hver ndicating nght sided congestive fadure 15
rarely and only termmally noted
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Radwologically generalized cardiac enlargement cheractenstic of
the entire myocardial disease graup may be scen The only distingutsh
ing featurc on the radogrun may be the occurrence of a Jocabzed
awcurysmal bulgmg m the ares of the left ventuicle

The el rdiog; are charactenized by deep myersion of the
T wuves m the stindard hmb leads and left precordial leads These
patterns much hhe the x ray picture are no more charactenstic of this
condition than of the other members of the primary mjyocardial disease
group If however mn addition to the T wave changes deep Q waves
occur m lead I and QS compleses i the left chest leads indicating a
necrosis or a hole 1 the myocardium then the dingnosis of anomalous
ongn of the coronary artery seems justifitble on the bass of the electro
cardiographie picture alone

No effective treatment has been devised so far although trans
plantation of the coronary artery has been suggested ! ®

Mepiar, Necrosts oF THE CORONARY ARTEMES

This 15 the rarest of the five conditions bemng discussed less than
thirty such cises have been reported Pathologically a generalized
vaseular disease with medial necrosis 1ntimal proliferation and eventu
ally arteral occlusion 15 the underlymng abnormahty In gddion to the
coronary artenies the pulmonary and the renal vessels are also likely
to be mvolved

As may be eapected tius 15 an extremely severe condition usually
leading to death at less than threc months of age The symptoms are
audrexia vomutmg respiratory nf pallor cy apd termmally
congestive failure The i and electr {i0yrams are much
the sime as have been described an the previous two conditions but
the deep Q waves charactenstic of anomalous coronary artenes are
usually absent

The patients m thns group are disinguished from those having other
types of primary myocardral diseasc by the presence of associated con
gemta) anomalies and by the mvohement of the renal artenes

Io10pATHIC N10CARDITIS

In contrast to the type of myoacardibs which occurs with bactenal
and virus disetses 30 335 no definite etiologic agents have been implicated
1 this group of pattents It 1s my copviction howesver that with the
smpr t of t st will be possible to mplicate
definute pathogenic agents in many of these cases Strong support of this
yiew may be found 1n the “epidenmic  ocowrrence of myocarditis in 140
newboms m Munmich desciibed by Stoeber® * 1n 1952

This 15 not nearly as rare a condition as the three discussed previ
ously More than 100 cases have been reported 1 the litcrature since
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Figure 146 _Electrocordiogram of patient with idsopathic myocardibs Note the
low voltage and the sluming of QRS complexes i leads { to 11 Also observe flat 2
and miented Iy

Fredler sV ongmal paper 1 addition to the 140 desenbed m the Munich
epdemc

The pathologic prcture depending on whether one 15 dealmg with
an acute subacute or chrome phase of the disease mav show interstial
edema diffuse penvascular round cell mfiltrabion or even fibroplastic
granulamatous changes

The chmeal picture s usually charactenzed by the sudden onset
of left and nght sided congestive falute A child wsually six months
old or older who was perfectly well a few hours before becomes
desperately i1l wath dyspnea pallor cyanosis and a hacking cough The
temperature 18 moderately elevated Pulmonarv rafes appear and the
kser 15 enfarged Definute cardiac enlargement 15 prescnt gad the keart
sounds arc muffled Callop rhythm wathout a murmur s noted Charac
tenstically the symptoms nd signs are not episodic the chuld 1s con
timvally nd soverely 2l

R show features common ta the entize prmary myo
cardial disease group The electrocarthographie changes are also charac
tenshic of the <ntire group low voltages wd conduction disturbances
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(atrioventicular and mtraventricular) may be present more commonly
m thus condition than i the others (Fig 146) Conversely severe left
ventricular hypertrophy may be somewhat rarer

In the differential diag; p and paroxysml
tachycardta should be considered In some cases treatment may be
extremely effective Although conclusne proof is mussmg I beheve
that many if not most of our successfully treated cases of primary
myocardial disease fall into this category Oaygen nd ntibiotic therapy
should be given routmely The principal drug to be used however 15
digitalis administered 1n average or shghtly Jower than wwerage doses
and mamtuned for several months or even years (Table 12 p 184)
The response 1s just short of miraculous m many instinces Careful elec
trocardiographic control 15 necessary becausc some of these children
are susceptible to digitoxicity

Within 1ecent years sterords have been used in some pattents with
the presumptive dragnosis of diopathic myocardiis I have observed
two children treated with cortisone who made good recovenies At pres
ent I see no reason to abandon the therapeutic regimen consisting of digt
tahs with supportive treatment However as more 1s learned about hor
mone therapy 1t may well be used with increasmng, frequency

Suscnpocanpial Screrosis ( Enpocarpiat  Fisrorrastosis)

This 1s one of the commonest tvpes of primary myocardial disease
Denms and his associates® m 1953 collected 149 cases from the
Iterature

Pathol ily the d 1s b 1zed by a nulky appearince
of the panetal endocardium 1nvolving prinaipally the left atnum and
the left ventnicle Fiequently there 1s A d ! t of the

nutral or aortic vihve or both Invohvement of the nght heart chambers
15 rare

Histologically the endocardium 1s two to three times thicker than
normal with endocardial and subendocardial fibroelstic proliferation
a picture similar to that scen n “collagen disease ” The myocirdial fibers
are often hypertrophied but signs of mnflammation are stribingly absent

Detailed physiologic studies are lching Using cathetenization of
the night side of the heart we studied three patients who had 2 chmeal
diagnoss of fbroelastosis All of these had mild elevation of “pulmonary
capillary” and pulmonary arterial pressures Similw observations have
been mide by others 3 If the obscrvations made on pitients with myo
cardial fibrosis and constrictive pencirditis by Burwell awd Tus assoct
tess? can be considered to apply to thus group it may be wsumed that
the patholosic proccss results m m elevation of the diastolie pressure and
unpairment of systolic cjection of the Jdt ventncke “,."h a nanowmg
pulse pressure It results 1 “constrictne endocarditis ™ sl phy sio
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Fugure 147 Electrecardiogrym of a patient with endocardsal fhroelastosss Nate
the evidence of | ft ventncular  ypestrophy 1n tafl Rz and Ry and R aVe Al a notice
e fow T waves in Vg,

togcally to constrictive pericarditis The poor diastohic emptymg of
the left ventndle m a case of cndocardial fibroelastosis has been demon
strated angiocardiographucally by Gasul and Tus associates '8

The etiology of subendocardial sclerosss 1s not known Farber and
Hubbard!¢ 1n 1933 emphasized the mnflammatory nature of the condition
Within recent vears 1t hos been regarded more and more as a develop
mental anomaly because of its occasional famihial oconrrence (we have
scen it m two scts of siblings) and its frequent assoetation with other
types of congental hewt disease 3 19 ¢ The guestion must be rawed
whether the cases i adults reported 1n the hterature®® grc basteally
ddfierent from those seen 1 mfants aod newborns 1 beleae that the
cases m adults i contrast o the pnmary endocwdial fbroclastosis of
snfants 1y wedt be secondiry to coronwry disease  myocardiis or
metaboke disturbances Comvmamg proof for this hypothests 1s missmg

Often the chimiesd picture of subendocardial sclerosis cannot be dis
tinguished from that of other membirs of the pnmary myocardiad
diserse proup the sumlanty toward primary myocarditis 35 parbieularly
stnkg  Approxunately 50 per cent of these patients have svmptoms



218 ACQUIRED HEART DISEASE

Immg:j

. L &

—— iy wji
L e SR R L5
s

e MR E A . —
[ £ JAN 2 SR N WA JOSRET SR SO of |
’ CA w

=1
Ry

Figure 148  Electrocardiogram 1n patient with endocardial fibroelastosis Note the
marhed atrial hypertrophy as resealed m lead II aVa and Vy

within the first six months of hfe and according to Blumberg and
Lyon *3 1n 95 per cent of the cases symptoms become manifest within
the first year However i some cases of pathologically confirmed sub
endocardial sclerosis the patients were completely asymptomatic untid
they were fice to stx years of age Left and nght sided congestive failure
donmunates the picture The children may be tic but the cy
may improve considerably when 100 per cent oxygen 1s admimstered
Pulmonary rales and dullness with a hacking cough suggest the pres
ence of pneumomitis or pulmonary edema Perspheral edema 15 rare but
hepatomegaly and distended neck vemns are common On auscultation
the heart sounds are clear gallop rhythm 1s not too common and mur
murs are faint or do not exst The mfants are usually underdeveloped
and undernounished

Electrocardiographucally evidences of left venincular hypertrophy
with T wase changes can be seen (Fig 147) Marked nght atral hy
pertrophy may be present (Fig 148) Low voltage (Fig 149) and
conduction dsturbances are rare

Radiologically there 15 an enlarged heart with mvolvement of all
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Figure 149 Low voltage tracing 12 a patient with endocardal fbroelastoss

chambers and a poor beat under the fluoroscopic screen There are
usually marked d of y or mnf {T1g
150)
Treatment should consist of 1ly the
admmustration of digitals and mercunals with oxygen and antibiotics
The sumlanty of the Tustologic findings to those seen m collagen disease
has suggested the use of steroids mn this condinon however I am not
acquamted with any sizable sertes of patients treated wath hormones
Results of treatment are exh’emely hard to ]udge Some patients
with a clinteal picture 1 to the one descnibed respond
well to digitahization  others with the same chinical profile die 1 spite
of vigorous treatment So far there are no rehable cntena to mdicate
which patients will or will not respond to present day therapeutic
regimens However 1t seems that the younger the mfant and the more
severe the respiratory symptoms the worse the prognoss 1s likely to be
Also f after an imtally bl to e
recur the ulbmate prognosis seems worse Patients who e»entu;\lly get
better usually respond promptly and have no recurrences
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Figure 150 P and obligue rad 1m0 a patient with subendocardial
sclerosis

Pamients wirn Pridary Mrocaroiar Disease Wno Recover

As mdicated at the begmnning of this section on primary myocardial
disease mneteen of the forty five patients with primary myocardial
disease seen at The Children s Hospital are still hving and well ® Swmce
no anatomc basis for a defimte diagnosis i these pitients exists they
cannot be discussed under any of the previous subheadings At the same
tume on the basis of the chintcal defimtion of the syndrome they do
belong 1n this general category They all had cardiac enlargement with
out sigmficant murmurs nd changes m the S T segments and T waves
i the electrocardiogram

If one were to speculate about the h m these
patients one would feel compelled to exclude glycogen storage disease
anomalous coronary arteries and medial necrosis of the coronary artenes

by virtue of the fact that these children recovered There 15 practically
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no mnstance m the hiterature of a patwnt surviving beyond the first year
of Lfe when 1t was proved that he had any one of these three entiies
Therefore these Iiving patients must belong ta the 1diopathic myocarditis
or subendocardial sclerosis group unless they represent another entity
outside the scope of the ctiologies suggested by our pathologic matenal

Patients with reversible” primary myocardial disease are encoun
tered at our hospital about as frequently as those with parosy smal atnal
tachycardia~that 1s two or three tumes a year The 1ge at which symp
toms begmn vanies from birth to seven years Almost half of the patients
were one year old or older when they first became sick This 1s the
most suggestive evidence that many of these youngsters belong
the 1diopathic myoearditis group

The chmcal picture mn the typical case 15 charactenzed by the sud
den appearance of symptoms of congestne falure~dyspnea cyanosis
anorema and vormting The picture may resemble that of pneumoma
especially 1f cough and fever are also present In rare cases the onset is
msidious  congestive failure bemng preceded for several months by
anorexia failure to gan weight irntability and profuse perspiration

On exammation many of these children are well developed and
well nourished some are actually chubby this again suggests that the
etiology 1s less likely to be a 1 ly than an d mnflam
matory disease Generally these patients look very 1ll their color 15 pale
with cvanosis their resprrations are rapid or labored and penpheral
edema may be present Rales are commonly heard and there 1s almost
always sigmficant hepatomegaly The heart sounds are distant and
“mushy with a gallop thythm There are no sigmficant murmurs de
formity of the lcft side of the chest may be present but 1s not too
common The temperature may be shghtly elevated but a fever higher

than 102 F 1s rare The roentge and elect d cannot
be distinguished from those n the rest of the primary myocardial dic
ease group

Resp to t 15 d m these patents Thirteen of our

nmeteen children recen ed digitahs and one receved cortisone In adds
tion Mercuhydnn was admunstered to the children with penipheral
edema All recened general supportive measures such as oxygen and
antibiotics Within twenty four hours considerable clinical improvement
occurred and m one week these youngsters were practically asvmp
tomatic The electrocardiograms returned nearly to normal within sm
to twelve months (Figs 151 152) the hearts were considerably reduced
m size withm s; months but did not return to normal for one or two
years Digitals therapy was routinely mamtaned for sin months after
which an attempt usually was made to suddenly discontnue the drug
If the cluld started having symptoms agam the admimsiration of the
glycoside was resumed and contimued for another year at least

It should be mentioned here that not only are these patients bene
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Figure 151 Electrocardiogram of patient wath recovered pnmary myocardial dis
ease The upper tracing shows § T aod T wave changes 1a Ty V5 and Vg whereas
the complexes are entirely normal on the lower tracing

fted greatly by digitalization but they also show toxic effects readily
Eiectrocardiographic evidences of digitoxicity are often seen with aver
age or lower than average doses of the glycoside this 1s most em
phatically not an absolute indication for discontinuance of the drug if
good therapeutic cffects are accomphished Rather an attempt should be
made to dimmish the dose to 2 pomt at which maumal therapeutic
effects are achieved with mimmal effects of toaaity

Although the short term prognoss for a child who shows dramatic
mitral improv nt to 15 good ok ly the
long term outlook cannot be predicted Considerabl
may be ganed from the fact that many of these chuldren who have been
followed up for five years or more are now asymptomatic and have
normal hearts as judged by physical ex g and
electrocardiograms These children are being encouraged to lead per
fectly normal Ives although I am mchned to discourage parhespation
mn competitive athleties 1 Jugh school or college

A personal and wholly unsubstantiated view n regard to the et
ology of the discase m these children 1s that idiopathic myocarditis
rather than subendocardial sclerosis 15 the usual pathologic change 1
can scascely believe that the thyck layer of constnctive subendocardial
elastic tissue can disappear as a result of anticongestive measures any
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Figure 152 Upper the heart 1n a patient at the height of hus pnmary myocardial
disease Bottom owe year later after complete disapy of signs am
of heart disease

more than constnctive perscarditis 15 “cured” by such means The age
and good nutnitional state i these patients also suggest idiopatine myo
carditis rather than subendocardial sclerosis

MYOCARDIAL DISEASE ASSOCIATED WITH DIPHTHERIA

The heart 15 affected n approximately 10 to 20 per cent of all pa
tients who have diphthena However about 50 per cent of those who
succumb to diphthenia have associated myocardial involvement? 3
Diphtherza bacills are not found 1o the heart and apparently the cardiae
effects of the disease we caused by exotoxins liberated by the bacillus
The typical pathologic picture 1s one of fatty and hyaline degencration
with cn]y a small degree of cellular infiltration

C d with diphthenia may present
themselves ellher m the form of early penpheral collapse or late myo
cardial mjury

Cm:ulatory collapse 1s probably caused by the effects of the toxin
on the penp and 1s ch d by evad, of shock
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The patients blood pressure drops precipitously, the pulse rate mses
and the skin looks gray and feels cold and clammy This state of shock
usually occurs toward the end of the first wech of the disease the earhier
1t occurs the more severe 1s the prognosis There are usually no elec
trocardiographic changes Treatment consists m serum therapy of the
underlying distase and shock t of the v Napse by
admmistration of plasma Neosynephrne or Levophed

Diphthentie involvement of the myocardiym occurs most com
monly toward the end of the sccond or the begmnng of the thuird weck
usually when convalescence 1s well under way One of the few personal
recollections I have of this condition 1s that of a boy st to seven years
old who was comaleseaing from diphthensa and playing happily n Iis
crib at the hospital when he suddenly became pale cried out and
died He may have had an Adams Stoles attack or he mav have suc
cumbed to ventnculir fibnllation Fortunately things are not always
this sudden or catastrophic Electrocardiographic changes—specifically
depresston of the $ T segment T wave mversions atrioventricular block
and bundle branch block—all m1y be seen at the onset of the myocardral
mvolvement The conduction disturbances are rare but relatively spe
afic to diphthenr and they signify a more omimnous prognosis Changes
m the S T segments and T waves on the other hand may be seen m
practically any hind of myocarditis with a less severe general outlook

At physical exammation the heart may show either severe tachy
cardia or bradycardia There are no murmurs The heart sounds are
distant and gallop rhythm may be present In rare mstances nght sided
congestive failure occurs termunally

The prognosis of diphthentic myocarditis 1s grave the mortahty 15
placed at about 50 per cent by most authors  If the patient survives
recovery 1s usually complete Levine® believes that many of the cases
of complete heart block first mamfesting, themselves when the patient 1s
beyond the age of fity are late lac of diphtheritic my il
White®*® demes this contention

Treatment 1s apparently not satisfactory Serum if not admumstered
before can be given at this stage but the dangers of scrum reaction
must be considered carefully indeed this may prove to be catastrophic
1n a patient with a weakened and untable myocardium Digitahs 15 not
recommended except in the rare mstances of frank congestive failure
when cautious admmmstration of a rapidly excreted preparation may be
advisable if one s fully cognizant of the dangers ivolhved 1 1ts use

M1OCARDIAL DISEASE ASSOCIATED WITH FRIEDREICH $ ATAXA

Although the chance of a pediatnieran n Ius generdl practice ever

a case of Friedrexch s atania 1s remote those of us working

0 a childrens hospital with an active neurologic service see 1t fauly
frequently Doctor Bronson Crothers formerly head of the Neurologiea!
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Figure 153  Electrocardiogram 1n patient with Fnedrewchs atana Inverted T in
lead I aV Vsand Ve with long Q T interval

Figure 154 Tostesoantenor and left anterior oblique radiograms in patient with
Fnedreich s ataua and pericardial effusion

Service of The Chuldrens Hospttal mn Boston first drew my attention to
this entity

Fredreichs ataxia 15 2 hereditary familial disorder charactenzed
by cerebellar and posterior column atavia weakness areflesa and ter
minal dementra Charactenistic skeletal deformities include marked
scolasis and tugh arched feet The disease begns dunng childhand. and
death usually occurs at puberty or m the early twenties The age at
onset as well as the age 1t death may be charactenistic for one family

Friedrexchs onginal sertes m 1863 mcluded six patients five of
whom had clmical evidences of heart disease Since then a number of
authors huve drawn attention to this association 1t 4 9 Apparently
lectrocardiographie abnormahties—particularly left yentricular S T and
T wave changes (Fig 153)—are the most common evidences of cardiac
involvement occurring 1n at least one third of all cases of Fredreichs
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ataxia Arrhythmias—parasystole and atmal Bbrllahon—have been de
seibed Pencardial effusion has been seen (Fig 154) and angmal pam
occurs Congestive falure 1s rare

The few pathologic studies available indicate the prevalence of
coronary artent1l changes and evidences of myocardral fibrosis

No treatment 1s available for either the cardiac or the neurologic
aspects of this disease The electrocardiogram may be a useful diagnostic
toal however Whether these patients die because of the cardrac mvolve
ment or not 15 difficult to tell The termunal stages of the disease are
charactenized by a virtual dismtegration of the organism The few post
mortem observations described 1n the lterature do suggest however
that myocardial fibrosts with or without coronary disease may at least
be a significant contributing factor 1n the death of these patients 3¢ 9

MYOCARDIAL DISEASE ASSOCIATED WITH PROGRESSIVE
MUSCULAR DYSTROPHY

Another heredofamihal disease causing wasting and even paralysis
of the skeletal musele 15 progressive muscular dystrophy This 1s a rare
disease and cardiac complications have been reported with various
frequencies by various authors I am aware of only one case within the
past six years at The Childrens Medical Center a six year old boy with
progressive muscular dystrophy had definute evidences of heart disease
(Figs 155 156) He was known to have had the disease since he was
two years old and he died 1n congestive failure Postmortem examination
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Figure 156 Electrocardiogram of pahent 1 Figuze 155 Note the low voltage
standard limb leads mverted T an lead I depressed S T s aVe and depressed S T
n V5 and Vg w th diphas ¢ T 1n Vg and Vg

revealed marked cardiac enk: with end dial thiek g of
the left ventricle and the left atium Microscopie study showed fatty
degeneration scarnng and lymphocy tic infiltration
Two mteresting papers have been published recently on this sub
ject %@ 330 The consensus seems to be that about 50 per cent of the cases
examined post mortem show some degree of involvement of the myo
cardium similar to that seen 1n the stmated muscle Among the climical
mamfestations of dystrophic heart discase congestive fatlure as well as
tachy cardia arxh) thmas T wave changes and abnormal Q waves should
e 1 A of the congestive failure can be
achieved 1n these panents with anticongestive measures

MYOCARDIAL DISEASE ASSOCIATED WITH INFECTIONS

There are two mteresting and diametrically opposing trends n
pedratrics today i relation to the significance of cardiovascular mvolve
ment 1n acute nfections

In the older (cxtbocks toaic myocardnlls was blamed for the death
of babies with bronchiohtis b and acute mfectious
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diseases including the exanthemas There was talk about scarlet fever
heart and prophylactic digitalization was widely recommended Wathin
the past twenty five ycars most pediatricians hwe become rather shept
cl about the validity of these obscrs ations on  tovic myocarditis ™ It may
well be that the antibiotics are successfully combatmy, mfections to the
pomt 2t which myocardinl imolvement no Ionger occurs It 15 also pos
sible that the widesprend use of accurate diagnostic tools his made us
nterpret our observations more correctly Whatever the reason most
pediatricians today are able to treat mfectious diseases successfully
without the use of digitalts or dwretics and by and large people have
stopped worrying about tovic myocarditis It has also been learned that
if the crculitory syvstem 1s mvolved m acute mfections the result 1s
usually penpheral vascular collapse a condion requirning shock treat
ment rather than anticongestive measures

The opposing trend was started by the pathologists especially
Saphir and lus assocates™® who found myoeardinl hanges at post
mortem exammation 1 a large number of persons who had died from
infectious disease They and others brought forward lustologic proof of
myocardial mvolvement in tuberculosis hepatiis  polomyelitis en
cephalitis p tularcma occemia mnfi
cleosis nckettsial diseases 1nfluenza mumps yellow fever wnd every thing
else one can think of These pathologic studies were followed by wide
spread electrocardiographie studies in patients with mfectious discases
They showed transient T wave changes and some ntraventucular con
duction disturbances i a large percentage of children who had polie
myehtis measles bepatitis and nfectious mononucleosis

Although the p of hstol or electrocurdiographie changes
m infectious discase can scarcely be doubted their interpretation requires
considerable cautton It should be remembered that most of these pa
tients have a high fever their nutntion may be poor and the penpheral
circulation 15 certamly affected In poliomyeliis anoma and difficultics
1n the autonomic nervous system play a significant role Finally wath all
this Iabortory evidence the clinenl proof of insuffictency of the circuh
tion 1n terms of either congestive fulure or sigmficant arthythmia 1s
lacking, 1n the vast majonty of instances

For practical purposes 1t 15 well to treat acute infections without
too much concern for the myoeardium unless defimte evidences of sip,
miicant arthythmia or congestive falure apper On the basis of the
evidence wailable in the Diterature 1t 1s doubtful whether the state of
the myocardium wfluences the prognosis of nfectious discascs today
1 the vast majonty of nstances One exception to this statament of
course 15 sul bactcrial end ] and possibly also nfectious
mononuclcosis The latter a protean disease may produce scnous car
diac damage similar to that caused by rheumatic carditis 3
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MYOCARDIAL DISFASE ASSOCIATED WITH
ACUTE GLOMERULONECPHRITIS

Cardiac mvolvement in acute glomerulonephntis has been of con
siderble interest during the past two decades Pediatnicians who sce
children with acute glomerulonephnitis are well aware of the possibility
of the sudden phic onset of pul y edema which terminates
fatally wathin a few hours

It 1s clenr that although the majonity of patients with acute nephntis
hwe artenal hypertension this alone cannot be blamed for cardiac
fallure since the relabionship between the two 1s not close Elevated
venous pressure and increased blood volume have been found m a
number of and these 1ndubitabl b Iy to
the arculatory embarrassment Gore and Saphir desenbed mgmficant
myocardin] changes at postmortem cxanunation i 10 per cent of ther
senes of patients who died after acute or subacute glomcruloneph
ritis 141

How often cardine failure actually occurs in glomerulonephribis 1s a
matter of considerable controversy Ash and her associates™® deseribed
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Figure 157  Electrocardiogram m patient with severe acute glomerulonephnt:
Note the § T segment changes 1 leads IT 111 aVeand V. The T%u.a\es are fxgrsrlt;l
throughout the chest leads
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Figure 158  Posteroantenor radiograms of a patient with acute glomerulonephntis
‘The two films were taken three weeks apart and the second one shows marked dimmu
tion of the heart size and of the pulmonary congestion

evidences of congestive fulure 1n twenty two of fifty patients they
studied while Peters? © stated that congestive failure 1s common and that
the edema of acute nephritis 1s due principally to this mechamsm 1
believe that nephritic edema 1s probably due to two factors the m
creased venous pressure secondary to cardiac msufficiency and the low
plasma protems mherent m renal disease

Flectrocardiographic changes (Fig 157) especially depression of
the S T segment and mversion of the T wave are seen in 1imost 75 per
cent of the patrents who have acute glomerulonephnts ¥ Prolonged
Q Te 1s seen occasionally

Radiologic evidences of cardiac failure are cardiomegaly and pul
monary congestion which rapidly clears as the patient umproves (Fig
158)

The treatment of cardtac farlure 1 acute glomerulonephrtis should
be aimed at reducmng the load on the heart and mproving myocardmal
efficiency The former can be achieved by eliminating the hypertension
with magnesium sulfate or Apresoline (or even Protoveralrine sn an
emergency ) and by trying to reduce the crrculating blood volume with
a low salt diet Venesection and application of a tourmquet to the
extremubes may even be y if pul y edema develops Digt
tabs 1n a rapidly excreted form may be used to improve the myocardial
effectnneness but mercunal diureties should be avoded for obvious
reasons

The prog of acute gl 1 hritts 15 good 1n 95 per cent of
the cases The circulation 1s restored to normal «fter the discase has

subsided




CHAPTER 11

Diseases of
the Pericardium

CLASSIFICATION

Penicardial disease 15 usually a manifestation of some systemic con
dition eacept for rare traumatic percarditis or the presence of an
1solated pencardal cyst 1t never occurs as an ssolated disease

For practical purposes unless proved otherwise pencardial m
volvement indicates rheumatic cardiis 1n children Other conditions
mvolving the p d are i a seq indicating d g fre
quencies (1) uremua (2) pneumoma with lcft sided empyema (3)
viral discase probably caused by coxsachie virus (4) rheumatod
arthntis (5) tuberculosis (8) neoplastic metastasis (7) primary pernt
carcial tumor or cyst and (8} constnctive pericarditis As a mnth and
final pomt one could mention postoperative penicarditis the frequency
of which depends obviously on the number of cardiac exploratians
performed 1n a particular mshtution

PatHOLOCY

Pathol Ily speakuing dial disease can be divided mnto acute
and chrome forms Acute pencarditis according to the nature of the
exudate may be serous fibrmous serofibnnous purulent hemorrhagie
or neoplistic Chronic pencarditis always mvolves fibroplashic prohfera

tion The vanous chnical entities differ i the eatent and nature of the
ol ement

PaysIoLocY

The physiologic effects of pericarditis depend to a great eatent on
the competence of the underlying myocardium and the nature volume
and speed of accumulation of the exudate If the myocardium 15 mtact
and the serous exudate accumulates slowly sexeral hundred cubie centt
meters of intrapenicardial flind may be tolerated without obvious mter
ference with the circulation On the other hand m rheumatic pancarditis
the sudden accumulation of only 100 to 200 c¢ of exudate may cause
serious circulatory embarrassment

Cardiac tamponade 15 a clinical syndrome caused by the accumula

231
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Table 16

PHYSIOLOGIC EFFECTS_8_COMPENSATORY MECHANISMS
IN_CARDIAC TAMPONADE

IMPAIRED VENTRICULAR FILLING — INCREASED PRESSURE IN RA A SYSTEMIC VEINS
DIMINISHED STROXE VOLUME — SINUS TACHYCARDIA
DROP IN SYSTEMIC SYSTOUC PRESSURE =) INCREASE IN SYSTEMIC RESISTANCE

NARROW PULSE FRESSURE

tion of fluid wathm the pencardial sac Obviously the more rapudly
this flind accumulites the lwger the amount and the more ngd the
pertcudium the more serious the consequences will be A number of
direct effects of the compression of the heart and a number of com
pensatory mechamsms are nvolved m the causation of the cliucal syn
drome (Table 16) Prhaps the first thing that happens 1s that the
ventricles cannot fill adequately during diastole because of the external
pressure of the fluid To counteract this the nght atral and systenue
venous pressures mnciease Smce this compensatory mechanism 15 not
completely successful and the stroke volume 1s still relatively small, an
attempt to mantain an 1dequate cardize output 1s made by ncreasing
the heart rate Fmally to obviate the drop m systolic blood pressure
caused by the madequate cardiac output the diastolic pressure 1s raised
by penpheral vasoconstniction thus achieving a <atisfactory mean pres
sure at the eapense of a narrow pulse pressure It may be worth em
phasizing that the symptoms most commonly identified with cardiac
tamponade such as increased venous pressure mereased pulse rate and
narrow pulse pressure all r t comp ing h an
therefore should not be “corrected” lest the cardrae output drop even
further For this reason the treatment of cardiac tamponade consists
solely 1n evacuation of the fuud Therapcutic maneuvers aumed at lower
mg the venous pressure (venescction) slowing the pulse rate (digitahs)
or decreasing the peripheral resistuice (external heat) not only are
meffective but occasionally may even prove harmful

CuvicaL PicTure

On the whole acute dry or fibrinous pericarditis of the “bread
and butter” type may be uncomfortable and pamful mdced but it
seldom causes failure of the circulition Consersely accumulation of a
serous exudate of 200 cz or more especially if 1t deselops rapidly
obstructs the work of the heart noticeably and causes cardiae tamponade
Accumulabion of purulent pencardial exudate may cause not only tam
ponade, but also empycma like symptoms charactenstic of a septic focus

Pencardial pan 1f present, may be of two kinds One 15 the dull
acling nauscous poorly localized “visceral vanety involving the pre



DISEASES OF THE PERICARDIUM 233

cordium and probably resulting from the stretching of the pericardial
sac The other 1s a sharp stabbing rcferred type of pam localized to
the left chest shoulder nech and scapula 1t s craggerated by lying
down nd relicved by sittng up This type of pain 1s probably the result
of the mvohement of the diaphragm and the pleura smce there are no
ensorv nerves i the pericardium proper %

A patient with acute rheumatic fever who suddenly starts complan
g of precordial or referred pam 1s almost certan to show evidences
of pericarditis within a few hours or days Shortness of breath grunting
respirations  bothersome dry cough and orthopnea with a tendency to
lean forward are all characterisic symptoms of the patient with pen
cardial disease The symptoms of pericardial tamponade are those of
acute congestive fallure 1 2 patient with penicardiis Large effusions
may cause 1! difficul The p of septicerma are
characteristic of purulent pericarditis

On physical exammnation the most typical feature of penicardial
nvolvement 1s the presence of a friction rub The charactenstics of this
have been mentioned previously 1 s not restricted to any heart cycle
or any pont of auscultation and it may be evanescent in character 1t
should be pomnted out that 1t mav on occasion be difficult to differentiate
a friction rub from a high frequency early diastolic blow the rub may
be heard best with the patent sitting up or leamng forward and with
the bell chest piece pressed hard agamst the precordium Occasionally
clear cut synchronism between respiration and the friction rub 1s noted
1 which case probably a pleuropencardial friction rub is present Al
though friction rub 1s best heard m patients with dry fibrous pen
carditss 1ts presence does not esclude the existence of a large perrcardial
effusion If the pericardibis 1s of rheumatic ongin the heart sounds are
rather muffled and sigmificant murmurs are always present

An mncrease m cardiac dullness 1s usually demonstrable and the
rather overrated Ewarts sign (a tnangular dullness below the angle
of the left scapula) 1s continuously sought for by medical students to
the great delight of therr instructors A possibly more useful sign 15 the
fact that 1 spite of the large size of the heart the cardiac mpulse 15
quiet and hypodynamc

Cardiac tamponade—an obstructive amount of fluid within the pert
cardial sac—mamifests atself i distention of the vews 1n the nech enlarge
ment of the liver and penpheral edema The systolic blood pressure 1s
lower than normal and the pulse pressure 1s narrow One of the most
useful signs of cardiac de 15 the parad 1 pulse
m 2 drop m systolic pressure of more than 10 mm of mercury at the end
of deep wspiration  Frequently this may be noted by simply feeling the
radhal pulse but accurate evaluation 1s possible only with the sphygmo
manometer These patients generally appear anxious and distressed
they are cyanotic and dyspneic and look terribly sick
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Table 16 ol 2 edenate degree of
PHYSIOLOGIC_EFFECTS & COMPENSAT' wd 1 fal BROC
z T
IN_CARDIAC TAMPO! . wcans only of a sizable
~ nlentficd by roentgeno
IMPARED VENTR)
ICULAR FILLING —_ r diwzrphically by m en

tape (Frg 13 p 29) with
1 hortenng and widenmg of
DROP IN SYSTEMIC SYSTOLIG PRESSURE ——~- 4is ar. unusually clear and Jack
cally the cardiac enlargement

DIMINISHED STROKE VOLUME —

NARROW PULSE PRESSURE tersl

1 diappears after treatment or even
tion of flmd within the Jh st cardusc fluoroscopy the pulsations
this flud accumulates + = changmg the patients position from
pencardum  the moic 7" of a tt table) the size and shape of
drect effects of the « f: well this test has been desenbed mn
pensatory mechima k:\-n of no particular assistance to us By

drome (Table 16 " e or contrast matenil (angography) nto
ventricles cannot N .atricle the presence of an extracardiac
pressure of the N atified This 15 the only way by which
venous pressut ottt rentrated from masstve cardrac enlarge
completely <u
attempt to s 3 changes of pencarditis have already been
the heart ~ Q) Buefly summanzed they are (1) low

caused bt - . the § T segment vathout reaprocal relation
by pern h ] . and (8) T wave imersion which appears last
sure 1t ltis and may persist for several months after
phas N <rcardial mvolvement have disappeared

tmy Tk way to find out whether pencardinl effusion
nn e the pencardial sac by either paracentesis or

th + Cluldrens Medical Center the Surgical Service
f1 \aracotomy with a small sneision 15 on the whole
-~

AN blind exploration of the pericardial sac with a
yuellent team of surgeons anesthetists and operating
A thus type of ar t has
~ .l the past years At the same ttme at another hos
st personnel tramed - cardiovascular surgery the
_ % pencardum by needle may be an extremely useful
dure The site of pericardial exploration should be at
wde the left border of the cardiac dullness at the fifth
o or occasionally 1n cases of large and presumably
 on 1t should be at the angle between the xiphoid and

. ¢ costal margin
© s wical asepsis should be observed The patient should
June subcutaneously fifteen munutes before the start of the
tocal anesthesia with 2 per cent procame 1s uscd A 3anch
- ﬁgﬂ (number 18 to 18) connected with a 20 c¢ synnge

~
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3s used for 1 d tap H the app h 1s through the fifth mter
costal space the ncedle should be directed to the mght and toward the
spwme wherers m the xiphod approach one should proceed upward and
backnard to the left The needle enturs between the nbs and 8t 3
usually possibsle ta feel it suddendy penctrate the pericardial sac 2 to 4
cm from the shin Usunily only 20 to 40 cc of Fmd are removed for
dhagnostie purposes 1f tamponade 15 prescnt the removal of 150 ce or
more may be a hfesaving manewver In tlus case the use of a three way
stopcock w1y prevent ar from penctrating the pencardil sac this saves
the tzovble of detaching and attaching the needle contmuously

Durrerevtian Disehosis

The differential dsagnosis of pencardial discase 1 not a dl(Iicuk one
In children the only great problem 15 m d
fuston from a larg,e heart assocsated with ane of the my ocardial dnseases

Features common ta both are {1) congestnve fadure (2) Ivrge feebly
pulsating beart without murmur and (8) changes s the § T segments
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Figurc 158 Right ventrieular pressurs cunves of patient with constnchiy & pencardius

and T wases on the clectrocardiogram The presence of pulsus paradoxus
15 the decading factor 1 favor of persewrdial effusion If pulsus paradoxus
15 not present wmtensive decongestive mevsures should be attempted for
one 1o two days keeping a cwefal record of the pulse pressure blood
pressuse and heart size If dramatic wnprovement does not cecur withim
a short ime or if the heart enfarges rapidly with narrowing pulse pres
sure nd dimimshang systolic pressure then esther the introduction of
a cwrdiac catheter or the esploration of the pencardial sac 1s urgently
ndicated

The only other differential dmgm)sbc problem to be considered 15
the & between

P dis and duffuse m}ccardml
fibrosis { dary to my ditis or d with end 1 fibro
clastosis) These two i} huem 1 di cardize

entasgement without sigmBeant murmur {2) chrome severe night sided
congestive fasdure and (8) cathetenzabon dats reveahng (@) narrosw
pulse pressure s the nght 1 entncle and pulmonary artery (b} charactes
istic nght ventneular pressure contour (Tig 159) and (¢) high pud
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monary capillary pressure Only by cxlcnsne surgieal exploration can
these two condrtions be dist ly, but L of the fact
that one seldom sees a patient less than ten years of age with constrictive
pericarditis, whereas a number of cases of so called constnctive myo
cardial disease oceur in children the pedsatrician usually favors the diag
nosss of constrictive myocardal disease

SPECIFIC PERICARDIAL DISEASE ENTITIES
RuEUMATIC PERICARDITIS

As mentioned before rheumatic perscarditis 1s the commonest form
of perrcarditis m children 1t 1s myvarably accompanted by many of the
f 1ons of acute rh 1c fever I have never seen a patient with
sheumatic pencarditis who did not at the same time have a Joud
apical systolic murmur Consequently 1f a patient with pencardiis has
no sigmficant murmur a diagnosis other than rheumatic fever must be

considered Rh 1e pericarditis 15 usually of the fibrinous or sero
fibrous varety and 1t 1s characterized more by pain and friction rub
than by large flurd lation As a rule 1s not ad: d

1n pattents with rheumatic pericarditis unlcss mmponade 1s mmminent
The diagnosis 1s usually clear enough and antirheumatic treatment 1s
successful today m a high percentage of cases The rare instance of
cardiac trmponade however should be treated by paracentesis or thora
cotomy This represents a real eardiac emergency and early decisne
action may be Iifesaving Much less harm 1s done by an occasional un
necessary pericardial exploration than by neglecting to tap the pen
cardium of a patient with true tamponade

Urestic PERICARDITIS

In the later stages of chrome glomerulonephritis uremc pericarditis
oceurs It 1s a mamifestation of the chemical imitation of the serous mem
branes by the ligh nonprotemn mtrogen content of the plasma Usually
there are no symptoms The diagnosis 1s based on the appearance of a
frsction rub in a patient dying with urema

PURULENT PERICARDITIS

Purulent pertcarditis usually associated with bacterial pneumonia
and left sided empyema 15 a rare but therapeutically important disease
These patients show the stnkimg combmatmn of pencardial tamponade
with the septic picture of Jocalzed lation of pus Ch 1
has little 1f any cffeet on these youngsters Emptyng the pencardal sac
on the other hand dramatseally solves both problems In this age of ex
tenswve chemotherapy orgamsms are rarely cultured from the exudate

but the older litcrature t p T and staphy
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MAXIMAL TEMPERATURES AND EFFECT
“a @ OF PARACENTESIS ON PATIENT WITH

Ty PURULENT PERICARDITIS
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Figure 160 Temperature chart and effect of parscentens on patient with pumafent
pencardatss

Frgure 16! Pastczosntenor rathogran s of a ¢Juld winth purslent percardits {A) be
fore and {B) after thoracotomy

tocaces among the pathogeme orgamsms Tigure 160 shows the course
of 2 patient with purudent pencarditis Figuse 1681 shows the roentgeno
grams of thas child before and ufter evacuation of the purulent exudate
Whether constuctive penicardiis 60l develop fater m these patients
once they have heen cured cannat be stated with certamts My personal
feehng based on bauted expernnce 15 that constrichs e disease probably
does not follow w the wake of successfully treated purulent pencarditis
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Ivropatiic on VmaL Pericanoiris (Acute BeNiow)

This 15 a relatnvely recently descnibed disease ® 78 The musal case
reports concerned voung adults prinerpally but withnn the last few years
children wath this condition have also been desersbed !

The disease usual]y fo“(ms an upper resprratory trict infection Oc

Hy 1t occursy 1n £ or where there 1s an epidemic
cf pleurodynia The first symptom 1s fever with penicardial pam and
dyspnea At physical exarmnation these patients may appear very sick
sittng up 1n bed short of breath anxtous looking leaning forward per
haps even clutching a pillow against the chest On auscultation a friction
rub without murmur 1s heard and the heart 1s enlarged Electrocardio
grams charactenstic of pericarditis are obtamed in almost everv case
The sed won rate 15 d and leuhocytosis 1s common but
real cardiac tamponade 1s rare

The outcome 1n all the reported cases was favorable The illoess
lasts for several weeks Chemotherapy bv and large 1s not effective al
though Aureomyein has been clammed to exert benefictal influence As
pirin oxygen and occasionally morphime give satisfactory symptomatic
relief The use of steroids as has been advocated* 5 can hardly be
yushfied 1 a disease with such an unquestionably bemgn course

Although the cessatton of the mdividual attack within a matter of a
few weeks can safely be predicted the disease commenly recurs within
a few weeks months or even years I have seen a boy who had three
attacks of diopathic perrcarditis withmn two vears For recurrent at
tacks the prophylactic use of Aureomycmn can be advocated perhaps
more on an emotonal than an intellectual basis

The diffe 1d should be d 1 pr ily toward ex
cluding rtheumatic fever Only secondanly should other causes of pen
carditis be constdered and 1dentified by appropnate means

PERICARDITIS ASSOCIATED WITH RHEUMATOID Anmimuris

Pencarditis assoctated with rheumatoid arthntis or Stills disease
should be mentioned as one of the rare cardac compheations of thus
syndrome Other circulatory disturbances possibly assocrated wath rheu

matord arthntis are (1) aortic regurgitation (2) myocardal disease and
{3) pulmonary vascular obstruction
The climeal findings are the same as those listed m the general

description of pencarditis T de 15 rare the dental discovery
of a pcncardm] fnchon rub 15 often the on]y sign of penicardial invohve
ment 1 1l d arthntis The Is on the progn o!

the assocrated drsease Steroid therapy may be andicated for the sichest
of these children
TuBeERCULOUS PERICARDITIS
Tuberculous pericarditis 15 a disease of old people but st has been

poted 1n children occasiopally 7 The pericardinl wvolvement 1s ahvays
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the result of a durect spread of the infection from the adjoming lung Seld.
1t consists of serofibrioous or hemorshagic exudate followed by the de
1 of granul; tissue and exten: scamng. A derabls

body of opumon b the p af e dibs to
long standing tuberculous imols ement. !~

Unt] recently the prognosis was very poor VWaith the newer chemo-
therapeube advances 1 the treatment of tuberculosis st bas improved a
great deal Tamponade 1s rare and the pencardial mvolvement 15 only
a small part of the generahized sesere tuberculosis

NEOPLASMS

Neoplasms such as }ymphosarcoma Hodglins disease or pnmary
carcinoma of the Jung mav wmsade the beart and gve rse to a hemor-
rhagic exudate This ss usually a terpunal event, and the mvohement of
the penicardsum does not influence the clncal preture appreciably

Prricanounl, Crsts

Pencardal cysts discovered on routine chest roentgenograms and
commeonhy gnng no symptoms whatsoever hate been seen occasionally
at The Childrens Hospital The tremendously enlasged heart, giving no
symptoms and accompanied bv no arculafory v ohement and a per
fectly normal electrocardiogram, presents a stnking pictuse

The radio} and esec d he findings 1 a boy with a
pertcardial evst, which was successtulls removed, are presented m Fig
ures 162 and 163 Apparently most of these ¢ysts are benuga, and surgreal
semorval 15 easy and 1s followed by complete recovery

| : 3
.

-y N
- 5
[}

?

Frgure 162 Posteroaotensy radiograms of 3 boy with a pencardal st
2nd (B) altee vesmonal of the mueidagincus stmcne o+ Before
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IpiopaTinc on VinaL Pericarorns (Acute Benien)

This 15 a relatvely recently described disease ® ™ The imitial case
reports concemed young adults prmcipally, but within the last few years
chuldren with this condition have also been described *

The disease usuallv follows an upper respiratory tract nfection Oc
cisionlly 1t accurs 1n families or commumities where there 1s an epidemic
of pleurodyma The first symptom 15 fever with pencardial pam and
dyspnea At physical exammation these patients may appear very sick
sithing up in bed short of breath anxtous looking Jeaning forward per
haps even clutchung a pdlow agamst the chest On auscultation a frictron
rub without murmur 1s heard and the heart 1s enlarged Electrocardio
grams charactenstic of pencarditis are obtaned in almost every case
The sed; 10n rate 1s 1 and leuhocytosis 1s common but
real cardrac tamponade 15 rare

The outcome 10 all the reported cases was favorable The illpess
lasts for several weehs Chemotherapy by and large 1s not effective al
though Aureomyemn has been claimed to eaert beneficsal influence As
pumn oxygen and occastonally morphine give satisfactory symptomatic
relief The use of sterords as has been advocated!® can hardly be
jushiied m a disease wath such an unquestionably bemign course

Although the cessation of the individual attack within a matter of a
few weeks can safely be predicted the disease commonly recurs wathm
a few weeks months or even years I have seen a boy who had three
attacks of “sdiopathue pericarditis” within two yews For recurrent at
tacks the prophylactic use of Aurcomycin can be advocated perhaps
maore on an emotional than an intellectual basts

The differential diagnosis should be directed principally toward ex
cluding rheumatic feser Only secondanly should other causes of pen
carditis be considered and 1dentified by appropnate means

PERICARDITIS ASSOCIATED WITH RHEUMATOID ARTIRUTIS

Perrcard: d with th d arthntis or Stilis disease
should be mentioned as one of the rare cardiac complications of this
syndrome Other arculatory disturbances possibly associated wath rhey
matord arthntis are (1) aortic regurgitation (2) myocardial discase and
(3) pulmonary vascular obstruction

The chmcal findmgs are the same as those hsted 1n the general
description of pencardiis Tamponade 15 rare the macidental discovery
of a pencardial friction rub 1s often the only sign of pencardial mohe
ment 1 rheumatord arthntis The depends on the p o
the associated disease Steroid therapy may be mdicated for the sickest
of these children

TUBERCULOUS PERICARDITIS

Tuberculous pericarditis 15 a disease of old people but it has been
ld Yy 2 The p hial imohvement 1s always

noted 1z
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the result of a durect spread of the nfection from the adjonmg lung fickd

It consists of serafit or h h exudate followed by the de
velopment of granulation tissue and ewtensne scarmng A oansxdembls
body of opimon attnibutes the p of ep to

long standing tuberculous mnohvement?

Untl recently the prognosts was very poor VWith the newer chcmo
therapeutic advances i the of losis 1t has mproved a
great deal Tamponade 1s rare and the penicardial v o ement 15 only
a small part of the generaitzed severe tuberculosis

NEOPLASMS

Neopl 1

D such as &y Hodghins disease or pnmary
carcinoma of the lung mav msade the heart and gise rise to 2 hemor
shagic eaudate Thus a5 usually a termmal event, and the invohvement of
the penicardium does not nfluence the clinscal picture appreciably

Pemcarouar. Cysrs

Pencardial cysts discosered on routme chest roentgenograms and
commonly gring no symptoms whatsoever have been seen occasionally
ar The Childrens Hospital The tremendously enlarged heart, giving no

and d by no latory 1ol t and a per

fecﬂy normal eleamwdmgmm precenls a stnking prcture
The radiok and phic findings m a boy with 2
pencardial cyst, which was full; ved are p d m Fig

ures 162 and 163 Apparently most of these cysts are bcmgn and surgical
removal 1s easy and 15 folloned by complete recovery

Figure 162 PD:!!:‘narn-nm radsograms «f a hoy wllh a pencardial eyst. A Bedose

{8} after vomoval of the mualaginous structure
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Figure 163 I'lectrocardiogram of a patient with penicardial eyst Note the entwely
normal tracing
CuroniC CONSTRICTIVE PERICARDITIS

Constrictive penicardibis must always be considered 1 the differ
enhal diagnosts of chronic congestive fulure of unknown etiology We
have seen only a few cases of this disease at The Chidrens Hospital m
Boston but we have had ample opportumity to see adults with this
cnipphng condition 1n hosprtals adjomning our mstitution The youngest
patient with constnictnve penrcarditis deseribed by White was ten years
0ld 3% but Burwell reported the disease m children even younger than
thus 8

The etiology of the condition 15 not Anown m at least half of the
cases Tuberculosis 1s considered to be the underlying disease m the
other 50 per cent The physiologic handicaps of chrome constrictive pen
crditis are 1dentical to those desenibed m eardine tamponade and sum
manzed m Table 17 (p 256) At cardiac cathetenzation high venous
pressure nd Ingh nuht atnal pressure are found There 3s usually an
carly diastolic dip s the night ventnculw pressure cunve followed by
a high end dastolic pressure (Fig 159) Pulmonary 2rtarnl mean and
pulmonary capillary pressures are elevated and the cardiac output 1s

dummished
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Figure 164 Electrocardsograns of patient with consteictive pencarditss

The chmcal preture s charactenzed by the tnad of a small heart
elesated venous pressure and asates The ascites 15 out of ail proportion
1o the edems elsenhere The pafients are not s itk as one would expect
from the marked evidence of night sided farlure they may be able to do
a moderate amount of excxaise and orthopsea is rire

The physical ex 35 d d by the q of lgh
nght atrzal pressure and low cardiae output Paradoucal pulse s noted
and the pulse pressure 1s narrow The heart sounds may be somewhat
dimmished no sigmficant murmurs are audible and the fhathm except
i older people 1s of sinus ongn A thud heart sound at the lower left
sternal border 1s refatively common but of no particular diagnostie sig
nificance 1n the younger patients

Radiologic exarmnation reveals a heart that s only moderately 1f
at all enlarged this s m stnhng contrast to the marhed congestive
fasture Caleifl m the p 157 and ocours in
as many as 55 per cent of the patients in some seres ® At flunroscopy
the cardiac beat 1s duminished sometimes more e the nght than on the
left side The electrocardiogram shows low voltage T wase wsersion
and a broad notched P wave {Fig 181)

Constietnie pencardits of it Jeads to the cliptcal xyndmme here

desenbed should be treated Iy Radical as ad
vocated by Holman and hus assoctates ' 15 the preferred approach to
the problem This consists m d of the p d beyond

the left nght and mfersor cardiac borders including hberation of the
venae canvae The results were good 1 fourteen of the twenty sis patients
n Holmans latest senes Four of the twenty u1x died Improvement can
be measured largely in tams of a decrease 1w venous pressure and m
crease an carciac output
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Congestive Failure

Drrrvamiov anp Paysiorocy

Congestive failure m the hght of newcr knowledge concerning cir
culatory physiology 15 mcreasingly hard to define Lewis ® regarded
cardia¢ fulure 4s “mability of the heart to discharge its contents ade
quately  This was a perfectly good defimbion untl 1t was recogmzed
that m many instances of chronic congestive farlure the ventricle does
fulfill ats obligation but 1s able to do so only by mvoking compensatory
meck such s tachycardia increased dastolic filhng pressure or
cardiie hypertrophy Lewss classical defimtion was further quahfied
when on the bisis of ammal experimentation 1t became clear that rela
tively minor impurments of cardiic function may be rcflected solely m
the decreased capacity of the hidneys to excrete large salt loads 7

Since at present no precise physwologie definttion 1s available, it
nught be well to regard congestive failure simply as a chmical syndrome
associated with heart disease Left sided failure 1s charactenized by pul
monary rales accentuated pulmonary closure gallop rhythm left hydro
thorax pulsus alternans dyspnea orthopnea and cardiac asthma

In contrast nght sided fulure 15 1dentified by mcreasmg systenne
venous pressure enlargement of the hver dependent edema nght hydro
thorax hydropericardium and oligurta

Cardiac enlargement 1s present m both left stded wnd nght sided
failure cyanosis may or may not be present in esther

The congestive failure syndrome 1s frcquently encountered in peds
atric hosprtals the age distribution 1s of some interest In patients with
congemtal heart dise1se falure 1s most likely to develop within the first
s months of hife if this pertod 1s sunved without evidences of con
gestion 1t 15 not likely to occur untl at least two years of age or even
considerably later On the other hand congestne failure assocated with
rheumatic heart disease usually does not occur before the age of four
to five years and 1t always indicates an active rheumatic process Par
oxysmal atmal tachycardia and primary myocardial disease~two rela
tively common causes of congestrve farlure 1n cluldhood~usually mamt
fest themselves wathimn the first year or two of hie

The two most commonly quoted theorses of congestne falure are
the backward and forward failure concepts According to the theory of
bachwazd fulure 101 the heart, consisting of two independent pumps {the

242
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Yeft and the night ventncles) fuls when one pump cannot forward the
load offered ot by the other For mwstance a fahing left ventncle bemg
unable to put out - the blood the nght ventnde offers oets as a dam
behind which the blood rapidly accumulates ncreasing the volume and
later the pressure w the left atnum pulmonary veins and even the pul
monary artery and the nght ventricle This theory would explun verv
well the clincal syndrome referred to as left ded fasture consisting
prnaipally of pumonary congestion and ats consequences The reason
this esplanation holds so well for left sided faure 15 the rather lumted
capacty of the pulmonary vascudar bed where even a few hundred
extra cubic centumeters of blood may cause considerable trouble

If on the other hand one tries to explam the phenomena observed
1 nght sided fartlure that 15 systemyc congestion on the basws of back
ward faidure alone one encounters a considerable amount of difficulty
The principal obstacle to this explanation for failure of the nght ventncle
1s the fact that even if the entire contents of the pulmonary arcunt—
soughly one tenth of the tating blood vob ere d to
the systemic cucwt ths by stself should not cause any trouble the
systenmie reservorr 15 so large that sunply shifting some (or even all) of
the blood from the lungs should not cause an elevated systemse venous
pressure any more than a good sized blood transfusion would Further
more bgation of the wnferior vena cava performed therapeutically as
well as eapenumentallv does not produce evidences of systenuc conges
tion with any regulanty ¥ Finally complete destruction of the nght
ventncle 1 ammnl expeniments s tolerated relatively well, and certamly
wathout evidences of failure 3 ©

Proponents of the forvard faluce theory®® mamtan that the con
gestne falure syndrome 1s dus to 2 low cardiac output resulting in an
madequate supply of oxygen to the fissees increased capllary perme
ability and renal fulure This then would gue nise to mereased blood
volume edema and other manfestations of congestme falure The most
abvious diffieulty 1 accepting this theory 1s the observation that severe
anoxic states such as cyanotie congentsl heart disease may exst for
wany yeass without any evidence of vongestion furthermore no really
good end: of d capilfany p bilty m cardiac farluze eatsts
nor 15 there a straight bne correlation between the absolute level of car
dhac ontput and the presence or absence of falure

Since nerther of these two theanes alone eaplamns the phepomena
deseribed pm‘aaps a b of several factors may Tesult m a
mare t Burch ™ Alischule® and others' * have
proposed theones !hat £t 1 broadly wath the concepts to be presented
The entire thought however s based on Starhing % fundamental work
on the heart lung preparation

Perhaps the ding feature of fadure 15 the failure
of the cardiae output to meet all the demands placed on it by the metab
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ohism of the body At first this may manifest tself only if the demands
are significantly mcreased such as with severe exermse Later the de
mands may not be met even at rest and finally the low cardiac output
becomes incompatible with hfe atself

When the cardrac output becomes relatively madequate the frst
mechamsm that comes mto play ts a reflex mncrease of the heart rate
Thus even with an unsatisfactory stroke volume the cardiac output per
mimute may be adequate This 15 an meffictent type of P t
however since the tachycardia by and large 1s achieved by shortening
dustole the resting period of the cycle dunng which the coronary ar
terzes fill

A more efficient way the heart can try to increase 1ts lagging stroke
volume 1s by g the end d ke p 1 the ventricles this
15 achieved by rasing atnal and venous pressures It has been pomted
out before that this may be achieved eauly m regard to the pulmonary
vems and the left vtrium by merely shifting the blood volume In order
to increase the pressure 1n the sy stemic veins and the right atmum how
ever the imncrease m systemic blood volume alone 1s not enough One
must assume the presence of a reflex mcrease 1n the tone of the vemns
as well The increase mn blood volume 1s the result of sodium and water
retention a renal component of cardiac failure posmbly negotated
through the antidiuretic hormene of the pituitary It should be pomnted
out here that the cardiac output—or stroke volume—achieved by the
ventricle at the price of this increase 1n ventricular diastolic and venous
pressures 1s not commensurate with the output achieved by a correspond
Ing Increase m venous pressure in a normal heart The failling heart 1s an
meffictent motor needing the artificral stimulus of mncreased venous pres
sure to achieve average or normal cardiac output The contmuous 1n
crease 1 diastolic filling results first i dilatation of the ventricle and
later gives nise to hypertrophy The hyp hied heart 1s reputedly a
more efficient organ than the dilated one although good eaperimental
cvidence to this effect 1s mussing

Through these ) of tachycardia d di he pres
sure and myocardial hypertrophy the faiing heart can mamtain com
pensation that 15 1t 15 able to achieve a more or less satisfactory cardac
output for a while As the condition progresses however cardiac eff
ciency becomes less and less adequate The amount of work performed
per cubic centimeter of oxygen consumed dimmishes Higher and higher
venous pressure s needed to put out relatnely small stroke volumes
Finally a point 15 reached at which the stroke volume actually declines
with further mcrease 1n venous pressure The heart muscle has arnved
at the declmmg part of Starlings curve compensation cannot be further
mantamed the cardiac output becomes inadequate for the maintenance
of vital functions and death ensues
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Crinvicst Prcrure

How do the phenomena just disewnsed explam the chnical features of
congestive fmlure?

Venous hypertension s the cwdind siga of night sided fadure Its
sigmficance nd measurement have been desenbed previously (p 17)

Edema 1s probably a consequence of the ipereased vwnous pressure
overponemyg the normal or lowered oucohwe pressure of the plasma
protems Smce the Jymph flow 1s alse hindered by the mereased venous
pressure probably there 1s not only an wereased production of mter
stisal §wd but also a slower remosal through the thoracie duet Among
the sites of edema i children wath nght sided congestive faure factal
edema must be mentioned first, and enlugement of the hver nesf As
ates and anvsareyr are relatnely late mmfestations and they usually
ocenr after considerable enlargement of the Jver has been noted Hydro
thorax and hy dropencardmum are rare

Dyspnea s a subjectnve phenomenon thus not subject to quantitatne
appraisal Hyperpnea on the other hand can be measured with case
Hyperpuea m congestnve falure 15 prabably caused by the sumulaton
of 4 number of vomplex ch and p recey n the
systerue and pulmonary artenal trees as well as 1 the medulla The
umuh aching on these receptors may be anoua hy percapmia mereased
lactic acd content of the blood pulmenary ngdity or congestion

Cyanosts 1n congestne falure may be due erther to decreased oay
zen mtake through congested lungs or te wereased deoxy genation by the
axygen bangry tissues during a prolonged orculztion tne m the dilated
capillanzes

Orthopnea and pulmonary edema cav best he explaned by Jeft
seninealar Indure accentuated by the meretsed pulmonary blood velume
and dinmshed tal capaaty wherent i the horzontaf poston Pul
mopary rales are evidences of fimd accumulvhon m the fungs

Pulsus alternans (see Fag 7 p 17) of the systemuc artenes—an
evidenee of left ventneular falure—~ean best be detected when the pa
‘aent s blood pressure 1s beng taken As the sphy gmomanometer 15 slowlv
released at one pownt every second arterial beat will come through the
stethoscope As the pressure m the manometer 1s dropped another 5 to
10 mm the number of sounds heard per munute suddenly doubles and
Breoomes equal to the apex best 1115 Delened ot the alternahion as due
to the weakness of the mdividual cardiac fibers resulting m the alter
nately slower and weaker contracttons

Within recent years pulsus alternans of the pulmopary antenal sys
tem hos been noted at cardiac catheterization mn patients with rsght
veatreylar fajure U8

X ray evdence of cardiac enlargement 15 almost 2 ane qua non of
the dagnosis of congestive fadure Usually the enlargement 25 general
szed, miohung all chambers At Buoroscopy the cardiae heat 15 poor
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The enlargement and the poor beat are thought to be due to the m
creased drastolie volume and the poor stroke output In left sided failure
pulmonury congestion can be eastly detected by roentgenogram

Electrocardiographic etidences of congestue fadure are furmshed
by the presence of P waves suggesting atnal hy pertension

The clissic picture of congestive farlure 10 children 1s one of nght
sided or combmed night and left ssded falure dramatic evidences of
pure left sided fatture such as pulsus alternans or orthopnea are rarely
observed However pulmonary rales can be heard m at least half of the
patients wath frank right sided farlure and gallop rhythm 1s commonly
encountered

Right sided farlure m 1ts pure form may be seen in the followmg
conditions  pulmonary vascular obstruction pulmonary valvular obstruc
tion tricuspid valve disease atnal septal defect pulmonary venous
anomaly and various types of cyanotic congenstal heart diseases (trans
position aortic atresia and so forth)

Pure left sided failure may be observed 1 scvere systemic hyper
tenston (renal dhsease) coarctation of the sorta aortic stenosts mitral
valve obstruction and patent ductus arteriosus

A combmation of left sided and nght sided failure with the sys
temic congestion d 15 the t form of e fail
wre m children All the conditions which may cause pure left sided fail
ure may also cause combined failure In addition ventricular septal de
fect single ventricle and truncus artertosus should be mentioned among
the congemtal conditions which may cause combined fallure For the
most part the diseases 1 this group and all conditions causing conges
tive farure are those which basically mvohe both ventricles such as
rheumatic fever priman myocardial disease paroxysmal atnal tachy
cardia and acute glomerulonephntis Constrictive pertcardiis a rare
condition 1n youngsters also results in combined ventricular faiture

TREATMENT
Before the advent of cardiac surgery and the various therapeutic
and prophylactic d d agamst rh tic fever tr t

of congestive failure was about all one could do for children with heart
disease Obwviously the picture 1s different today sull tho successful
management of congestive fulure 15 one of the severest tests of the shill
of the pedratrician

Symptomatic Treatment  When the pediatrician sces a patient with
congestive failure hus first task 1s to makc the child more comfortable
Usually sedation—morphine or even phencbarbntal-1s ndicated  since
many of the older children are fretful apprehensive and fnghtenud and
the babies are imtable Sedation need not be continued for a long time
but a httle morphine sulfate for the first day or two gives much needed
cest and mvaluable support to the patient It also lessens the mmpact of
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the vanous and ievitable th or d P y to whick
the patiest is subjected when s dusease 15 first discorered
Although the therapeutic value of oxygen 1n congestn s fahure has
not been proved conclusnely the symptamatie redief afforded by 1t 15
unquestionable Babies 1if they are too small to womy about an oxygen
tent and children af thewr fears have been alleviated by sedation and
appropnate eaplanation will relax breathe easier and act a great deal
happier 1n an oxygen tent with about 50 per cent oay gen concentration
Nasal oxygen 1 bothersome and mefficent and shonld be wied only of 2
tent 15 not available Smce the pnime purpose of oxygen admunistration
15 to make the cluld more comfortable st does pot make sense to insist
on ws dnumstration for 2 ohld who s ternfied of the tent I feel
stronglv that unless the child can be sedated or reassured to a sufficient
degree the use of 1 tent by causmg terror 1nd apprehension may
actually be harmful
Decreasing the Load of the Fleast  If the assumption that conges
e faure 1s d how with madeqy cardiae gutput 15 cor
rect then 1t s dessrable to & the d ds made on the enculation
One way to accomphsh this 1 by heeping the patient m bed For
adults aud older chddren thus 1s the pracedure of chowe w almost all
mistances m small babies the problem does not anse Toddlers and young
chidren however may need specral consideration ¥f one realizes that
bed est 1s desirable only as a means of achieving as much rest as pos
sible then it becomes obyvsous that if a child s upset and frustrated by
bemg heptn bed this thesapeubic maremer much Lhe the ox gen tent
under certam cwcumstances defeats its own purpese In other words
rest should be wterpreted as broadly as poesuible Most children with
fadure actually welcame bemng put to bed On the ather hand some aver
active youngsters rest better by sitting m a2 lngh char bemg read to
Jooking at televison or playing 1n a play pen The doctors ndividual
judgment 1bout each patient should supersede here—as 1 most medieal
1 ¥ p 1 ideas ob 3 from d teatbook
1f artenal hypestension of significant degree 15 present as mn remal
disease Jowening of the blood pressure by hypotensive drags 15 wdscated
Decreasing the load on the Jadneys 1 congestne fadure may be
achieved by restictmg the sodmm intake to 500 myg or less per day
This may be accomphshed by not adding salt to the food by using mulk
with & low sodmm content {Lanclac) wnd by avordng heavily salted
foods (bacon and so forth) Watr mav be taken cl Iibstum as long as
the salt wotake 15 controlled
Prugs  Dicrraus  As a matter of pnveple every child with ob
»ons evidence of congestive fulure should be digitabized The only pas
sible exceptwns to this general mle may be patients whose cardiac fart
ure 15 caused by penicardial tamponade or anemia Even m these two
digatal bably does not do any great harm The only
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true contramdication to the use of digitahs 1 congestve failure 15 the
presence of digitexierty

The effect of digrtalts on the heart has been discussed by termsts
pharmacologists and physiol for many years13? ! The use of this
glyconide m pediatnies has recently been summarized  Digitabs causes
an mcrease m myocardial resp veness an n le force
a slowmng of the pulse rate a decrease 1 venous pressure and shortemng
of the errculation tume

The digitals preparation to be used depends a great deal on the
eapenence of the individual physician All digitalis preparations put out
by reputable drug comphnes today can be used effectnely and safely
The difficulty arses from the multiphaity of drugs with sumlar names
(almost all using the dig prefix m some fashion) and radically different
1bsorption and eacretion patterns as well as toae effects Every doctor
should become farmbar with one rapidly acting parenteral preparation
and one slowly or moderately rapidly acting drug that can be used orally
as well as parenterall  The frequent and judicious use of only a few
preparitions enables the pediatncian to learn by personal experience
the mode of action of the drug its toxic mamfestations and its thera
peutic efficacy It 1s hard to resist the lure of advertisements flooding the
medical periodicals with a newer and better drug every month, each one
supported by mor¢ and more learned quotations from the hterature In
order to preserve ones own samty as well as to promote the patients
welfare one should reject these wonderful new adiventures in digitaliza
tion and persist with the few drugs one has learned to work wath through
the vears I usually use one of three drugs

Digitoxin Digatoxin 1s a relatively slowly acting glycoside which

may be ad d orally nt Jarly or mt; ly The oral
absorption 1s virtually complete hence the great advantage that oral and
parenteral dosages do not differ ficantly Oral preg are

available mn hqud and tablet form

The maxsmal ciect of the drug occurs four hours after ntravenous
admmistration and s to exght hours after or1l dosage Most of the gly
costde 1s excreted within ten to fourteen days but eltmination may not
be complete for three weeks The slow excretion of digitoxin has the dis
advantage that toxiaty once 1t oceurs persists for a relatively long time
the advantage 1s easy of Lizat

A satisfactory dosage schedule (Table 12 p 184) may be obtamed
+f the age and the weight of the patint are tthen mto consideration
Paticnts less than two years old necd 002 to 003 mg per pound of body
weight whereas children more than two yuars of age ¢ be digitalized
with 001 to 002 g per pound This unount should be grven i three
drvaded doses withm 1 twenty four to thurty six hour penod Digitahza
on can be matawed by onw tenth of the total digitahzing dose

Cedilamd ~ Cedilamd 15 a rapudly acting parenteral drug pnmanly
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designed for intravenous adrmumstration but it may also be gnen wtra
musculasly

Appreciable effects of the drug may be demonstrated ten to fifteen
munufes affer intraeno and 1 effects axe
acluered withip one hour Virtually wmplete chmination occuss an
twenty four to thuty six bours This rapid actton and excretion offes
great advantages in the handling of emergencies such as occur m the
operating Toom and they make this an sdeal drug to use when ope can
a0t he sure whether the patient has had too httle or too much digitahis

‘The total dsgtahzing dose 15 about the same maybe 10 per cent
wore than that outhned for dhgitovin (Table 32) IF the patient 15 to be
mantamed for several dags os weehs with intrasenous tnections of
Cedilaud one guarter of the digstalinng dose should be gnen every
s hours Tt 55 a much better pohiey however to vse Cedilanid only as
the mstial rapd digitalizang agent and then to mamtan the level of
digitalization with a slowly acting drug ad d orally or
culasly 1f thus s to be done the patient shonld be caunouxb redigitalized
with the slower acting preparation using the low er dosage seales within
twenty four to thirty six hours after the last dose of Cedilamd Mamnten
ance doses then can be caleslated on the basis of the slower actmg gly
ceside alone

Digoxin Digaxan ss a good alf round preparation It mav he used
orally as welf as parenterally m emergencies as well as m chronie situa
fions

In terms of rapidhty of absorption and excrenon 1t stands mudway
between digitoxan and Cedidamd Full effects of Digonsn mav be demon
strated four hours after its oral admmmstration A sigwficant portion of
the wrtial dose 15 excreted withia twenty four hours mast of it disappeass
within forty exght to seventy two hours A debatable point has been the
completeness of the absorption from the gastromtestinal tract which
would obvously affect the relatnve size of oral and parenteral dosages
My mpression 15 that parenteral dasages should be caleulated at about
30 to 73 per cent of the oral dose

The oral dose admmstered in hquid or tablet form 1s about 001
ta 008 mg per pound of body weight for chuldren less than two years
of age and 002 o 004 mg per pound for those more than two years ald
(Table 12} Daly doses can be calculated at 25 per cent
of the dpitahzng dose

Effectivencss 1t cannot be emphasized strongly encugh that the
dosage schedules outhned for these three digitalis preparations can sene
only as gwde posts The di ttalization of ecery patient should be an wmds
vidual expeniment For the first exghteen to twenty four hours the loner
of the two dosages ted should be ad d I at that tune
the therapeutie goal has not been reached and there are no signs of foxic
ity ditahs to the amount suggested by the higher of the twa Bgures




250 ACQUIRED HEART DISEASE

should be admmnistered within the net twelve hours 16 toxerty or thera
peutic effects still are not noted further increments should be grven
cauttously cheching ones position every twelve hours until erther the
desired effect 15 obtamed or evidences of overdosage are noted

One of the best mdices of therapeutic effectin eness 1s slowmng of the
pulse A sigmficant drop m heart rate with disappearince of gallop
rhythm may often be evidence of good digitals effect Other and equally
sigmficant therapeutic ams are a decrease n the size of the hver dis
appearance of pulmonary rales and edema dumnishing respiratory rate
and mprovement of color appetite and dispositton In older children
weaght Joss 15 a nigmificant mdex of successful digitalization In small n
tants however because of the relatively small absolute amounts 1nvolved
and the general maccuracy of werghing methods weight Joss cannot be
used as a sensitive measure of effectneness of dimtalization

1n contrast to the general accuracy of chimcal observations the elec
trocardiogram 1s of no use whatsoever 1 deternnming whether digitaliza
tion has been successful m the alleviation of congestive faffure There 1s
almost nothing more exasperating to an electrocardiographer than to be
ashed by a colleague Has this pattent been fully digitabized yet? As
pointed out m a previous chapter (p 56) the electrocardiogram can
show only whether there 15 some or too much digitahis 1n the myocardium
1t 1s totally unable to gage whether there 1s enough present

Ordinanily evidences of digitoxieity may be readily obtamed from

the electr d In add to the carhographic changes digitahs
toucity may cause vomuiting headache and visual disturbances Vomrt
g s the only chnreal f of overdosage however

The tesponse of infants and clildren in congestine faulure to proper
digitalization depends a great deal on therr type of heart disease On the
whole nfants with cyanotic congemtal heart disease respond poorly
whereas patients with paroxysmal atrial tachycardr idiopathic myo
carditis subendocardial fibroelastosis acute glomerulonephnitts coarcta
tion of the aorta or patent ductus arteriosus respond relatively well
Patients with atnal septal defect ventnicular septal defect and pulmonary
stenosis may denve some benefit from the drug but no complete 1llevin
tion of the symptoms 1s usually noted Whether children with active rheu
matic carditis respond to digitalis or not has been a subject of heted
debate for a long time [ believe that a patient with theumatic heart dis
ease and congestive fulure (thus by definiion having active rheumatic
fever) should be treated with digitalis although the results may not al
ways be as striking as 1n other conditions they may be rewarding indeed
Tt may be worth swhile to menton that patients with exclusnely or pre
dommantly left ventriculir farlure have a better chance to respond favor
ably to digitalis than those m whom congestion 1s caclusnely nght sided

In our expenionce the patients who dernve the most benefit {rom the
glycosides are the ones who are most Iikely to show evidences of mtoxica
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tion 1t almost secms s though theripeusis and toxicity were reluted to
each other In effect the children most commonly showmy, digitilis 1
fonrcation were the ones with defimte ryocardial myvolvement (prmary
myocardiad discase or rheumitie heart disewsc) 1t s also mteresting, to
note that these patsents had rectaved relatively small doses of digatabs
when they showed evidenees of tanety  Most of the tove cffects were
clectrocardsogrptue 1 nuure and hve been discussed before (p §9)
Vomting occurred rarely and only m patients recuning large doses
{more thin 003 mg of digrionn per pound of body wesght)

Treatment of Digiahs Int T of dimtahs m
touction comststs m ammediate wathdrawal of the dmg If the atal
ftng from d 15 severe enough to warrant treat
ment {parocysmal atril tachycardia with bloch ) oral adoumstration of
potasstum salts {potassium chionde) in doses of 1 1o 2 gm per day s
mdicated In the rare mnstance of ventricular wrhythmia 1n children
Pronesty] mav be used m additon to potassium chlonde

Dsretics  Diurcties wre mdwated of dipatabs bed rest and sodmum
restnction do not quickly and effectnely control congestive fadure In
markedh edemntous children it may even be deswrble to start the ad

of 1 dwretic i 1y with the ad of digr
talis Asa mle howeser prnaspally for methodicnl reasons 1t 1s wase to
admsmster digitahs first and gove the dhuretic only of nLceSS“lr)

In the modern doctors are
practieally synopymeous with mercunnd diwretics ’Uthough eccasionally
aardifying salts {ammomum chionde) and aanthine derntives (Theo
calom apmophylhne} are used ay diuretics by themselves 1 most m
stances they are gren only as adjuvants with mercursals

The effect of mercury 1s directed prinapally toward the hdney the
site of action 15 most hikely the distal end of the comoluted tubules Here
by means of enzymatic mhibitory action mercury slows down the reab
sorption of electrolytes (chlonde and sodiam) and water

Smice water diuresis 1s probabl dary to a tne clectrolvte
balance and sice tubular function 1s dependent directly on glomeralar
filtration and renal plasma flow it 1s necessany that the glomerult offer
the tubules a sufficient amount of plasma of average electrolyte content
to ensure a good mercunal direus Tt follows then that if the plasma
chlonde level 1 low admmistration of mercury may not result m satis
factory diwresisV Correchion of the plasma chlonide level makes these
patients mercury sensitive  Feople with poor eardine output and poor
renal plasmt flow may become cqualhy resstant to mercury 1 cond:
ton sometime  easly corrected with digatahzation Fmally m some
“mercury tesistant  patients good diwresis occurs if the admustration of
the dsuretic 1s followed half an hour or an hour later by an mtravenous
dose of phyllime 2mp  the gl lar Bltration rate Within
tecent y ears a carbomic anhydrase wwlubator (Diamox) has also been used

T th
arthy
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to mmprove mercurial diuresss ® Funally, the shillful use of ammomum
chlonide also may enhance the effectiveness of mercural duretics
The two mercunial preparitions which I use most frequently are
Mercuhydrm for mtramusculr and Thiomerin for subcutaneous admin
istration For practical purposes mercury should never be given intra
venously Sudden deaths have been reported after Admmstration of the
drug in this fashion
The amount of mercury to be given (Table 12 p 184) 15 the minimal
dose achieving the desired effect the dose of Mercuhydnn and Thiom
enn 1s about the same One should start with 01 cc 1s a test dose to
be followed the next day by a dose of 025 cc m infants and children
Iess than four vears old and 05 cc 1 older patients If this dose results
m effective drests 1t should be repeated every two to three days if 1t
15 not effective the dose may be mncreased by 025 cc mcrements until
a maxmum of 1 ce 15 reached 1n the younger ones and 15 cc 1 the
older children
Injcctions of mercury should be continued until the patrent reaches
lus so called dry weight that 1s a weight without visible edema and
without further wesght loss after continued admmstration of the same
doses of mercury
The amount of mercury necessary to heep the patient at this dry
weight vanes constderably and can be determmed only by accurate daily
weighings Some patients once they have reached the dry weight level
mav be kept there indefimtely with only digitalis and a low salt diet
Others may need mercury once a weekh while still others may have to
have 1t two or three times a week Accurate charting of the patients
weight 1s the only way to entically assess the need for diuretics Atiempts
to measure the unnary output and flurd ntake particularly i small
chuldren are useless te and time
Mercury should almast never be given more often than every second
day because of the possible cumulative effect on the renal parenchyma
Prolonged admunistration of mercury should be 1ccompanted by fre
quent determmations of the plasma electrolyte levels It 1s casy to sce
how prolonged clectrolyte depletion of the orgamsm by diretics accom
pamed by a limuted salt and hberal water intake may lead to severe
electrolyte disturbance the so called low salt syndrome The relationship
of potassium depletion to digitoucity has becn alluded to previously
To counteract the electrolyte depleting effect of the diuretics and to
potentinte 1ts effectis eness d of
chlonde for two day penods precedng the adnimstration of mercury
has been recommended The average dose for children 1s between 1 and
1.5 gm daly To avoid diatouaty by maintaning a satisfactory plasma
level 1gh p mtahe (either a quart of
:)mnge juice or 1 to 15 gm of potassium chlonde daily) 1s recommended
ry 1s to be used for a long time As mentioned before serum

1€ mercus
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chemistry determinations every week of every two wechs are necessary
with an aggressnve plan of treatment of this sort

Ammophyﬂme n doses cf 01to02mg wmay merease the effective
ness of by the glomerular Sltration
rate and the senal plasma flow Dramox m doses of 30 to 250 mg per
day W gren for forty eight hours prior to admunstration of mercury
may sesult 10 sncreased mercunal draresis by causing hyperchloremic
acdosts

Severe toxie effects of mercury are rwe with wiramusenlar admn
wtration Challs fever rashes and assbythmsas have been reported These
may be avaided by using the pnaciple of the test dose hefore admins
tration of therapeutic doses I know of one patient whoe was recorermg
from bactenal endocardms w whom a fever developed a few hours after

if on of Mercuhydnin Subsequent shao tests did

not show any allergie reaction Consequendy a few days later mercury
was agawn gsven mtramuscularly Agan it was followed m a few hours
by fever and this time death Whether this patient suffering from severe
congemtal heart disease and recovering from bactenal endocarditis died
35 a result of mercury mtoxication cannot be proved but such a pos
sibihty exists Several anstances of sudden death minutes after intraven
ous admmstration of the drug have been reported

Mercury should not be given to patients with obvious renal disease
exther acute or chronie 1t 15 a good rule of thumb never to use mercursals
1f there 15 a nonprotesn nitrogen level of more than 50 mg per 100 ml
of blood

Treatment of the Underlymg Dwsease As mentioned previously
at least 1 terms of pediatrie cardiology the concept that congestne
faalure could be treated by attackung the underlying disease rather than
by alleviating symptoms 15 only ten years old

The first things to be mentioned i thus regard are the mracles of
cardiac surgery! \htral stenosis aortie stenosis consinetnve pencardits
congemtal asteriovenous aneusysms patent ductus artenosus pure pul
monary stenosss ainal septal defect and even coarctation of the aorta
all may result m congestne falare m chuldren and all can be treated
surgreally OF course surgery under these cucumstances s fraught with
ware than the usual amount of danger nevertheless the nsh 15 obviously
well uqrth talung The daagers of surgery may be coasiderably lessened
n vely 1w this regard
fowerer one should be caseful to vse a quichly ehmmated digitabs
preparation so that the cardsac hypereaestabihty cavsed by digetahs will
not predispose to arrhy thmas at the tme of operation It may be best
to stop digitalis thexapy for forty eight hours before operation It s
equally amportant to ensure as far as possible an optimal electroly te
prafile 1 the preoperatve and postoperato e periods

Another disease cavsiag congestive fatlure 1 cluldren for which




254 ACQUIRED HEART DISEASE

etiologtc treatment may be available 1s acute rheumatie fever The pros
and cons of steroid therapy have already been outlined and the tentative
mdications and dosages have been proposed (p 143) Occastonally 1n
a case reported 1 the Iiterature 1t 15 suggested that hormone therapy
may have its place m the manigement of the prmary mvocardial dis
ease entittes s well

Thyrotoxicosts seldom causes congestne fallure in children If it
does a course of thiouracil therapy followed by surgerv 1s the choice of
etiologie trcatment

Congestive failure associated with anemta can of course be cor
rected by increasing the circulating hemoglobin level I am certam that
m a book wntten primanly for pediatnicians the impartance of slow and
gradual transfusions for severely anemic patients does not need to be
stressed These patients have too hitle hemoglobin and too much blood
volume hence small amounts (50 to 100 cc at a ime) of pached cells
should be given several times twelse to twenty four hours apart rather
than one large transfusion which may be just too much for a heart al
ready under maaimal stress
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Muscellaneous Diseases

HIPERTENSIVE HEART DISEASE
Emnorosy,

Essentral hyp the 1 cause of 1y elevated
bload pressure m adults 1s rare tn children Renal disease diseases of
thc central nervous system coarctation of the aorta and endoenne dis

ase more ) factors M7 31 The techmque of
ohtammg accurate blood pressure reatings and the normal values for
varous ages hase already been discussed (sce p 14) Table 17 lits
the most mportant factors causing fugh blood pressure 1 children
with appropnate dagnostie testy for thar identification

Benal Disease  The most smporiant cause of elevited blood pres
sure sn chldren 15 repal disease In addiion to the laboratory tests
enumerated 1 Table 17 a histony of kadney disease 18 an smportant
feature 1 the duagnosis evcn when results of unmalysis and renal fune
tion tests ase normal

Ihseases of the Central Nervous Systemn As outhned w Table 17
diseases of the central nervous system can usually be diagnosed by the
clxmcal picture and rcsults of laboratory tests ncludmg studies on the

1 flwmd of the shull and electroencephalo
grams D) halograms are sarely n ary  The synd of
famairal dysantonomna % can usually be recogmzed by the labale hyper
tension absence of teanng rop febnle episodes hypesth motor
dssturbances and mental retardation

Cardinvascular Diseases  The cardiovascular dxsemes hsted
Table 17 have been amply < d o

Diseases of the Endocrne System The most fxcqm:m endocnne
canse of hypertension today 15 prok tion of
Obrviously the clues to this dmgnosxs are a history of sterond admims
tration and the ap of Coshings d

Pheachromocy toma. 53 difficult to diagaose 1t 1 also extremely yare
m children only sinteen cases hiaviog been reported m the hiterature #*
At The Children s Mechcal Center only one authenticated case has been
found The classic picture caused by an merease m the amount of
epephrme m the blood consists m paroaysmal hypertension 1ater
muttent sweating diated pupds headaches nawsea vomutog tachy
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Table 17 Hypertension 1 Infants and Children Causes and Diagnostic Asds

Eltology Diagrostic Auds
I Renal
Acute and chronic glomerulo  Clencal picture
nephrtis Repeated unnalyses Addis count

Chronic nephntis sccondary to
anaphylactod purpura

w

Pyclonephnts

Polycystic renal discase
Tumors Wilms and neuro
blastoma

|=Xo}

Ectopic hidney

Hypoplastic kidney

Hydronephrosis

Renal artery and ven anomalies
and thrombose:

Polyartentis disseminated lupus
erythematosus

Primary artenolas disease of the

nomm

Concentration test NPN
Urea and creatinine clearance
Renal biopsy
Repeated unnalyses
Repeated unine cultures plus abave tests in
chronic cases
Intrascnous pyelogram
Retrograde pyelogram
Sphit  renal functions
Exploratory laparotomy and renal biopsy

Above tests plus aortogram and  sphit  renal
functions

Clinical and Jaboratory signs of vascular duis
case plus renal biopsy

Azoterma unine sediment abnormalities

Renal biopsy or necropsy

Central nervous system
A Poliomychtis

B Encephalius
C Bran tumor

Clinical picture

Lumbar puncture

Above plus electrocncephalogram

Skull x rays

Above plus pneumoenccphalogram or ven
trculogram

1T Card ovascular
A Coarctation of aorta

B Patent ductus arteriosus

Femoral pulses (weak compared with
radsal)

Blood pressure i legs

X ray picture (collateral esophagogram)

Continuous murmur 2ad LIC

ERG lefe ventricutar hypertrophy

Cardiac fluoroscop:

Rarely retrograde aortogram

IV Endocrine
A Secondary to cortisone or ACTH
therapy
B Pheochromocytoma

C Cushing s syndrome

D Congenttal adrenal hyperplasia

History

Hustory IVP
Regitene Benzodiorane tests
Histamine test

Unnary or blood catechol amine
Chnical picture

Endocrine studies

Chnical picture

17 Letosteroid excrehion
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WV Posomngs
A Lead Clinicat prcture
‘ocmua suppled o
Cerebrosparal Rust (:l:nlcd pressure and
pratesn)
Clycosuna
. cay of long bones and skull
Urine coproposphyrs {qualitative)
rine Jead excretion {quantitative)
B Mercury Clinical preture of acrodymia
Unine mereury exereuon

VI Essonnal Pos e famly hstory
7 Cold pressor and amytal estx

cardin nd palfor Occastonally an abdominal mass may be palpated
compression of which may mduce the symptoms descuibed Among the
spectfic tests mentioped m Table }7 an mcrease wn unmary catechol
ames 35 the most rehable one Intravencus pyelography winch may
teveal a miass i the region of the ladney 15 perhaps the easiest and most
helpful of the chmcal lahoratory tests even though at does not demon
strate those pheochromocy tomas hying outside the adrenal area {approxs
mately 12 per cent) The regiune and benzodioaane tests are useful if
the pattent has sigmficant hypertension at the time of testing an ap
preciable drop 1n systohc blood pressure may oceur when one of these
drugs 1s admunistered 133 3%

Powonings  Powsonings thot produce hypertension can usually be
excluded on the basis of the history the physieal examination and the
laboratary tests indicated sn Table 17

Essentnl fiypertension  Essenhal hypertension 15 ponopally a
diagnoss of exclusson if a child wath sigmificant by pertension does not
have any of the conditions enumerated so far one must assusme that Ins

15 ! No speciSie dig test for 1 hy per
tensian easts

As menhoned previously this 15 a rare disease i children we bave
secn nine patients with this disense less than fourteen years of age at
The Childrens Medical Center 7 A cnitieal evalvatron of the Enghsh
and Amertcan Bterature revealed owdy another ten well anthentrcated
cases

The ages of our patents ringed from seven months to thuteen
yeus Fre of these children bad severe hypertension ( pressures con
sistently hgher than 160/110) and sceondary cwenlatory changes (car
dize enfargement  left ventmeular hypertrophy and  hypertensne
rctinopathy) The blood pressure of the other four paticnts was never
feund to be gher than 160 110 No secondary arculatory changes were
present All the members of the proup with mild hypertension had a
farmily hustory of essentul hypertenston whereas only one m the group
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of five with marked elevation of the blood pressure had a fanuly history
of such The discase mn the former group may well be related to essential
hypertension i adults whereas the severe hypertension m the latter
group may represent a completely different etiologic entity

The prognosis of the mldly hypertensnve group throughout child
hood 15 good On the other hand two of our five patients with severe
hypertension died

TREATMENT

Obwviously the individual entities within the general hypertensive
group should receive etiologic treatment if possible In patients with
unilateral renal disease removal of the affected kidney may gie mirac
ulous therapeutic results Among patients with primary disease of the
central nervous system the hypertension either may subside wath the dis
appearance of the underlymg inflammatory disease or may be cured by
successful removal of a neoplasm Surgreal treatment of the congenital
heart diseases causing hypertension can effect a cure relatively easily
Cessation of ACTH or cortisone therapy or removal of a pheochromo
cytoma may permanently lower the elevated blood pressures caused by
these factors Elimination of the poisons from the environment obviously
will relieve hypertension caused by ingestion of mercury or lead

The treatment of essential hypertension 1s as difficult a problem 1n
children as 1t 1s 1 adults Mild sedation werght reduction and sustaming,
psychotherapy have been and stil are the mainstays of treatment
Moderate physical activity 1s not only harmless but even benefictal 1n
many nstances

If these relatnvely sumple measures do not control hypertension
drug therapy should be considered for its tmmeduate therapeutic and
future prophylactic effects Table 12 (p 184) hsts the vanous drugs
available therr dosages toxic effects and indications for their use At
first, m our chnic patients with mld hypertension are usnally gnen
Rauwolfia serpentina 1n doses indicated m Table 12 Esery two to three
weeks the dose 1s ncreased by Y/ to 1 tablet a day until either the desired
hypotensive effects are achiesed or prohibitive side effects (drowsiness
nausea diarthea or nasal stuffiness} occur If side effects appear the
dose 1s shightly reduced and the patient 1s maintamed on this dosage
If no sigmificant reduction of blood pressurc 1s achieved after several
weehs Apresohne (hydralazine) 1s usually added m appropnate doscs
to the Rauwolfia The dosage 1s grdually mercased until it reaches 300
to 500 mg of Apresoline per day

If a combination of Rauwolfia and Apresoline does not chieve the
desired purposc hexamethonium 1s added to the previous drugs as m1y
be seen wmn Figure 165 This drug often signtficantly lowers the blood

pressurc in patients in whom the other two alone had had no effect
Patients tahing hexamethomum must be warned concerning constipa
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Figure 165 Respanse of essentsal hypertension ta & combsned treatment with Rau
wolfia Apresohne and bexamethonium

tanr urinacy and postural by At the first sign of any
of these the dosage should be reduced and catharties should be gnen

For patients with severe essenhal hypertension who are not bene
fited by any of these drugs D 15 recon ted Four of
our five patients with severe hy had this f dable surgieal
procedure m o cases the resalts were good but m the other two
there was no change 1 blood pressure At present it 15 unpossible to
predict whuich patient will or will not respond to sympathector)

One further word about the reatment of pabients with 5o calted
hypertensive encephalopathy such as 15 seen 1 acute and chronre
plomerulonephnitis  chrome poliomyelits or coarctation of the aorta
The therapy of these pahents taxes the mgenwty of the pediincan
Perhaps the most useful drug to start with 13 magnestum sulfate 1 con
trolled intravenous drip {Table 12) 01 ¢c pes pound of body weight
of a 8 per cent solution but no wmore than 75 to 100 my per hour I
this does not reduce the pressure protoveratrine shoukd be admumstered
wtravenously with eatreme caution starting with 05 to 1 macrogram
per pound of body werght and incrcasing the dose by mmute amousts
every thirty minutes If \he cofrect inirarenous dose 15 determmed one
can switch to of proto tr; or mag
nesmm sulfate supp}ememed by :md ater subsmu\ed for the oral

of R and A
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ANEMIC HEART DISEASE

Anemit m1y affect the arculatory system m two ways Sudden loss
of large quamntitics of blood (more than 20 per cent of the creulating
blood volumc) results m shock this topic 1s probably not withm the
scope of a tevtbook on pedratric cardiology On the other hand 1 gridual
Joss of blood over a long periad muy cruse arculatory alterations by
mcreasmg the load on the heart 1t the ttme when 1ts efficiency 1s dimm
1shed because of poor coronary erculation

ErioLocy

The most common causes of anemue heart discase in cluldren today
are sichle cell ancmia leuhemia  hypoplastic anemia  Mediterrancan
anema, anerma of parasitic nfectton and nutmtional or infectious
anemia

The degree of anemia required to cause d bl d of
heart disease depends on the duration of the disease and the functional
status of the heart It stands to reason that a heart nddled with rheu
matic wfection will be less able to cope with the extra work imposed
on it by the anerma than a healthy heart would be It also seems logical
that a moderate anema of three wechs duration will have fewer cr
culatory consequences than the same degree of anemia lasting for six
months or more With these qualifications 1t may be stated that senous
disturbances probably do not occur with hemoglobn levels higher than
70 gm per 100 ml of blood ¥

PuysioLocy

The physiologic consequences of anemia are based on the dmn
sshed ovygen capacity of the blood and the consecutive tissue anowa.
This lowered oxygen supply to the tissues by itself and the compensa
tory mechamsms mvolved may cause profound alteritions i the
crculation The following ohservations have been made on adults with
severe anemua by vartous authors (1) shortened crrculation time 44 (2)
ncrease 1 cardiac output 47 and (3) crease m percentage of oxygen
extricted from the artertal blood !

Crinvicar PICTURE

The climecal picture of anenuc heart disease 1s dommated by the
presence of a murmur and moderate or severe cardiac enlargement It
should be stated emphateally that there 1s practically no murmur that
could not be caused by severc anemia 1t is totally uscless to amvmpf
to determme whether 1 patients murmur 15 orgamc” or functional
sigmficant” or “msigmficant” 1n the face of severe anemia Evidences
of left sided and nght sided cardrac enlargement and even pitting
edema may be present The electrocardiogram may show changes m
the § T segments and T wases over the left ventricle as well as evidences
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of muld left ventnealar hypertrophy Blood pressure detcnmnahorns
charactenstically show a wide pubse p with a
m the dastolte level and an elevation of the systolie Jevel
It should be mentioned here that to the best of my knowledge
the changes i the heart wm sickle cell anema are hmted to those just
described and no ¢ d of 1k heut disease exssts
Bacelient hemodynamic stadies of adults With severe anemma
east 47 03 3% { g not aware of cude cathetenzation studes on any
Targe senes of anemuc chaldien

TREATMENT

The teeatment of aneme heatt dwease consists 1n slow transfusion
with packed cells Extreme caution should be exercised not to correct
the severe anema of these pauents too rapidly lest one provohe left
\ lar fmlure and pul vy cdema Small increments of cells

h ] frequent (‘ bably no mere than 3 to 10 ml per pound
at a time every exght ta twelve hours) will correct the anema and
abolish the picture of anenuc heart drsease

CARDIAC TUMORS

Tumors of the heart should be mentioned buefy This subject has
been well te\.w“ed secently by Engle and Glenn ¥
tatic tumors {bronet carcmams. malignant
mel.%noma and so forth) are more common than primary ones
Among the pnmwy tumors 1ntracardiae myxomas nsmg m the
atna are the most common others worth mentiomng are sprcomas and
teratomas
The chinscal preture w secondary tumors obviously will be domt
mted by the pravary neoplastm anar; tumors may cause svmptoms by
g the mmtral * b pid or even the sortic orifice 3% Thev also
may cause conduction disturbances congestne fabire and progressive
carcdhae enk: SigrusBeantly enough are not usually
present The electrocardiogram shows progressive evadence of mye
cardsal damage and angiocardwgrams may show fillmg defects Prabably
cardiac cathetenzation s not of much use i the diagnosis of cardime
tumors except in the negatve sense
The dsagnosis almost never can be made with certamty but iof 2t

15 suspected strongly enough exploratory thoracotomy mav be per
formed













CHAPTER 14
General Principles

Congenital heart disease 15 avsfructural abnormality of the heart yfob
ably present from birth There are two qualifying statements m this
defimtion The word structural” excludes cardiac arrhythmias which
although they arc often present at birth and may give nse to senous
cardrac msufficiency once they are abolished may not recur and the
patient may be left with a perfectly normal circulahon for the rest of
huis Iife The statement that these malformations are probably” present
from birth seems at first glance unnecessanly vague However since a

derable portion of cong 1 heart diseases even n this age of
excellent pediatnc care are not discovered until several weehs or even
months after birth there 1s some question as to when these malforma
tions actually do take definite shape Furthermore as will be brought out
later 1n the discussion of the mndividual malformations a number of
rather common lesions such as patent ductus arteriosus coarctation
of the aorta or tetralogy of Fallot, although perhaps recognized as con
genttal heart disease from the begmmning do not assume their pathog
nomome charactenisties until many months or years later Consequently
the question anses whether some of these senous congenttal malforma
tions may not 1n fact develop through the first months or years of
extrauterine life from a heart that 1s only shghtly abnormal at birth This
pownt 1s brought up because I believe that the type of thinking which
assumes that the malformation 1s the same at birth at ten years and at
twenty years of age may actually hamper our understanding of the
natural hustory of these anomahes

For purposes of classification and simplification the group of pn

mary dial diseases although probably present at birth and cer
tamly structural ab Iittes has been discussed else
where

The lesions to be discussed within the framework of congenital
heart disease are (a) the abnormal the syst
and pulmonary cucwits which include primanly the left to nght shunt
group (b) the valyular and vascular lesions encompassing the night to
left shunts together with the obstructive lesions and (c) the transpost
tion of great arteres vems or individual cardiac chambers These
anatomic entities form the basts of our classification the physiologie
vanants of each will be discussed separately
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Toble I8 Incsdence of Major Congemial Cardiac Lesions n Moude Abbott s 1000
Autopuied Cases of Congenttal Heart Diseasel
(In order of frequency)

Pulmontc stenosts with open ventricular septum 115
Patent ductus arteriosus 105
Coarctation of aorta 85
Ventrieular septal defect 62
Complete transposition of the great vessels 49
Pulmonzc stenosis with closed ventricular septum 35
Atnial septal defect 33
Deatrocardia 29
Cor buloculare or tnloculare 27
Aortic stenosis 23
True truncus rteriosus 21
Tricu pid atresia 16
Aortic atresia 12
Aortopulmonaty fenc tration 10
Anoralous pulmonary venous dranage 4
Miscellaneous 374

Total 1000

InciENCE

The importance of congemtal heart disease mn pediatric cardolagy
cap scarcely be overemphasized Unhl the lust decide it was behieved
that rhenmatic heart disease was by far the most common form of cardiac
disease in children Withmn recent years however 1t has become obvious
that rheumatic and congemtil heart diseases occur with bout equal
frequency m this age group '** 3! as g matter of fact 11 many cardie
centers congemtal heart disease 15 the more common of the two The
shift of emphasts toward congenital heart disease m children 1s due to
seseral factors As has been mentioned before theumatic fever 1s on
the downgrade Also the spectaculir advances 1n the surgical treatment
of congemtal heart diseasc have prompted physicians and parents to
seek help for infants with congenital cardiac malformitions who twenty
years ago would have died t home without any speaific diagnosis

No accurate large scale figures are wailable for companng the two
conditions 1n the gencral population Howcver at least ten times as many
new patients with congemtal heast disease are admutted yearly to the
Boston Childrens Metheal Centcr s are admitted wath rheumatie hewt
disease Figures from the Toronto Cardne Regustry'® mdicate that they
£nd more than twice as many children wath congemital heart discase as
with rheumatic heart disease and that deaths from the former are about
seven times as common as from the latter”The over.zllmadence of
congenital heart discase 1s placed at about threc per 1000 at birth and
one per 1000 at ten years of age according to Britssh authors * Richwrds
and her associates studying 60000 babies i New York placed the
over all ncidence at 083 per cent meludmy, stilibirths, *

The frequency of the wdunidual lesons 1s difficult to determine
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Table 30 Encdence of Major Congenstal Gardias Lenons i 208 Clinically Studied

Cases (Pad % aod€ )

Pulmon stenosis with veatneular septal defeet 40
Atsal septat defect 35
Patent ducius arteriosus 29
Pulmonie stesous without veatricular sepial defect 2
 enrculas septal defct 24
Caarctation of 2orta 16
Tricuspid atrema F3
Kort ¢ stenass &
Enenmenger complex 2
Complete transpostion of the great vessely 2
Masceffancous 1%

Total 200

Table 20 Incidence of Mowr Cordme Lesions s Infante Diyng w the First Month

of Life (Ober and Moore 50)

Transposstion of the great sessels
Interventr cular sepral defecs

Cor wiloculare and cor biocula ¢
Coasctation of agrta

Tetralogy of Fallot

Miscellancous

Total

Table 21 In;dence of the More Common Congenital Lenons i 577 Froved Caver
at The Childrens Howntal of Boston

Patent ductus arterasus

Atrial septad defect

Pulmon e stenosis

* entnucular septal defect

Tewalogy of Faliot

Coarciaton of 2orta

“Transpo wion of the g eat vessels
Egenmenger syndrame

Fricuspid atsesia

Totat anomatous pulmonary venaus d amage
Truocus a tenosus

S ngle ventr cle

Ebston s disease

Pruuary pulmonary sascular obistructon
Miscellancous

Total

accuratel, Dufferent figares are obtamable dependung on whether one
diseusses hving, patients or results of postmortem examnabions 1w adds

fion each authors senes vines m terms of g,

Abbotts* analyus of 1000 postmortem examung
more pmportant congenital heart lesions

58 or tvpe of discase
ons 1 respect ta the

'8 presented m Tabls 18 In
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contrast to these data are the chmical results in Paul Wood s*? series
of 200 patients studied by cardiac catheterization {Table 19) In both
series pulmonary stenosis and ventnicular septal defect are the most
common lesions with patent ductus arteriosus occurrmg next m fre
quency Table 20 compiled from the autopsy files of the Boston Lying In
Hospital * shows the frequency of the lesions causmg death m the
early neonatal pertod Fmally Table 21 summanzes the cases of con
genital heart disease at The Childrens Medical Center 1 which the
diagnosis was proved exther at cardhac cathetenzation operation or post
mortem examimation Obiiously the vast majonty of our patients were
cluldren and the imterest of our medical and surgical staff 15 slanted
toward the acyanotic group n general

EmtoLocy

The etology of congemtal heart disease 1s unknown mn the vast
majonty of mstances Hereditary factors may play 1 role smnce the
incidence of congemtal heart discase in siblings 1s sigmficantly ugher
than 1n the general population Polam and Campbell m a study of 877
families of children with congemital heart disease found the incidence
to be two per 100 families ™ In our expertence the same lesions are
Iikely to be repeated in sibhngs of the same sex we have seen patent
ductus arteniosus pulmonary stenosis and tetralogy of Fallot each m
two siblings We have also encountered patent ductus arteniosus in a
mother and daughter both successfully operited upon Taussig3! de
scribed a family i which the father and four children all had patent
ductus arteriosus Walker and Ellis #? reviewing the Iterature found
forty eight families m which more than one sibhng had congemtal heart
disease In our series of approxmately 2500 patients we have Sfteen
families 1n which two stblings have congenital heart disease

Other congemtal malformations associated with congemital heart
disease will be mentioned only briefly Mongohsm 1s commonly associ
ated with persistent atnoventricular canal or oshum pnimum  Coarctation
of the aorta 1s found m conjunction with arachnodactyly and Turners
syndrome Transp of the abd 1l viscera with or without
dextrocardia 1s commonly accompanied by septal defects and transpos:
tion of the great vessels Mental retardation and cleft palate with
harelip scem to me to be more common i children with congenital
heart disease although no statistical confirmation of this clinieal impres
sion 1s available

Environmental influcnces dunng pregnancy may be unphcated
\fothers who contract German measles within the first thrce months of
pregnancy are likely to give burth to children with multiple congemital
anomahes wcluding congental heart disease 33 Among these patients
patent ductus artertosus 15 the most common leston but atnal septal
defect, tetralogy of Fallot and pulmonary stenosis have also been en
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countered? Polans and Campbell 3 stated that mothiers between the ages
of fosty and forty fous years are more likely to give buth to chidren
with tetralogy of Faliot than are younger mothors /\mmal expen
ments™ 8 mdicate that novous wflsences such as anova ar vitaman
defictency nduce pregnant rats to goe birth to hitters with multple
congenttal Anomahes mcludmg congenstal hewt discase o _Pern the
wnaidence of cardhac anomahes cspeenally patent ductus arteriosns seems
higher 1 patients Inang at hugh alutudes and low oxygen pressures
than m those born at sea level Certamn congenital anomahes ate more
common n one sex than in the other lesions imolving the aorta (co-
arctation aorhie stenosis) and also transposttion of the great vessels
scem more common 10 males whereas atnal septal defect and patent
dustus arteriosus are seen more Iy fomales 1 nf

are sigsfcant only in that patients with patest ductus artenosus are
more lhely to be born between October and January than at any ather
tme of the year according, to Rutstein and his associates ¥ This 1s due
ta the prevalence of German measles w the Iate winter and eatly spring
mon!

How these and perhaps many other factors operate in the production
of the indissdual case of 1 heart def Vs ble to tell
s the overwhelming majonty of mnstances Usually even after talung the
most careful farmily and prenatal Instory the pediatrician eannot gie a
satisfactory answer as to why the child has congenital heart disease Fur
ther should be d however especially if the parents
are young The chances that the next cluld will also have congemtal
heart disease are only about & per cent as stated previously

Ewvsryorocy

The embry ology of congemtal heart disease will be touched on only
brefy At the scoond mtrantenne weeh when the embryo s enly 15
om long the heart begms to fake shape A functional eirculatorv system
has been established by the fourth weel the ventrcular septum s fully
developed by the eighth weeh Consequently any radical alteration of
the architecture of the heart must occur some tme between the second
and eighth weeks of mtranterine hfe

The pmehve cardiac tube i the three week embryo 15 a vertical

ttached dorsally by p dial folds at 1ts two ends It con
sists of four chambers from caudal to cramal duection the sinus
vemosus the atral canal the yentneuler canal and the bulbus cordi
This ongmnally strasght cardiac tube undergoes changes consisting m
tossions Mokings development of septums and so forth and at the same
time 1t mawmtains the euculation of the embryo

The swus venosus mto winch the umbibical veins and the vitellne
vemns dramn ss absorbed wto the nmight atnum The anteror cardmal

-
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veins fuse mto an inferior vena cava the postersor cardmal vems con
tribute to the mfenor eava and the coronary venous system

The conunon atnal canal 15 dvided mto left and nght atna by a
septum primum growing down from the roof of the itnum at the end
of the third or the beginning of the fourth week (5 cm embryo) There
are two openings i the septum primum~—a forumen prinum which s
m the lowest aspect of the septum postercorly 1n the nughborhood of
the atrioventricular valve and a foramen secundum which 1s lugh i the
septum primum approximately where the foramen ovale will be later
Under ordinary circumstances the growth of the septum primum and
its attachment to the endocardial cushion of the atroventnicular valve
completely abolishes the low foramen primum The foramen sccundum
on the other hand 1s closed only partilly by the growth of a newly
formed septum secundum This septum secundum develops about the
fifth or sixth week and grows from the postertor wall of the atrum n a
crescent shape antertorly to the night of the septum primum It parually
covers the foramen secundum leaving a shthke openng the foramen
ovale As long as the pressure i the nght atnum is higher than that m
the left atnum this opening allows the flow of oxygenated plicental
blood from the mferior vena cava imnto the left atnum

Thus the defects 1n the atrial septum developing between the fourth
and sixth weeks may ongmate from the foramen primum or secundum
A forimen primum defect 1s low prncipally postenor and mvolves a
defect of the atnoventricular valves as well In contrast the true atral
scptal defcet which develops because the foriumen sccundum was not
closed by the septum secundum 15 usually lugh dorsal and accompamed
by normal mitral and tricusprd valves A patent foramen ovale develops
if the septum primum fails to fuse with the postertor edge of the nor
mally developed septum secundum

The common ventncular cantl ts divided by an intraventrcular
septum (septum mfenus) which starts at the same tume as the septum
prmum of the atria and grows upward and backward toward the com
mon atroventricular onfice which it divides nto the mitral and tricuspid
valves Tlus septum 15 muscular and 1s an outgrowth of the ventricular
wall atself It does not reach the floor of the bulbus cordis and an opening
1n the ventricular septum 1s left 1 the center high up with a downward
convex border Tlus opemng 1s closcd by a membranous structure
growmng down partly from the bulbus cordis and partly from the endo
cardial cushions on the side The ventncular scptum 2s mentioned 1s
usually completely closed by the seventh or eighth wtrauterine week

In order for the ventricular septum to divide the common atno
ventncular onfice evenly this must shft toward the nght failure of thus
onfice to shift results m tricuspid atresia and an excessive. shift gnes
e to mutral atresia Failure of the bulbar ndges or the endocardial
cushions to form the membranous part of the septum rcsults m most
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common forms of ventncular septal defect Defects of the muscular
septum are usually ventral aind hugh near the aortic onfice only rarely
do they occur i the nesghborhoad of the apex

The bulbus cordis the most cranial part of the promtive cardac
tube partrcipates m the formation of the aothic and pulmonary onfices
the membranous portion of the \entneular septum and the mfundibulum
of the nght ventncle The d of the bulbus cordis
1s the truncus artenosus

The development of the bulbus cordis at the fise to seven week
penod through a spirahing endocardial ndge and its attachment to the
draded ventncular cavity 15 dfScult for medical students and cardi
ologists ahibe to understand I neser really understood it until a cartoon
hke motion picture demonstrated 1t very simply 1 shall not attempt to
explam this deselopment of the butbar part of the heart except to say
that fatlure of the correct butbar development may gie nse to congemtal
aertie and pul y stenoss of the great vessels or
sentricular septal defect with ovemding sorta If the septum n the
truncus communis fails to develop entuely persistent truncus artenosus
results IF there 15 a localized defect 1n the bulbar ndges aortopulmonarny
fenestration results

The blood vessels develop at approximately the same time as the
heart The prmapal structures are four large vessels the two ventral and
the two dorsal aortas The two sventral aortas grow cephalad from the
bulbus cordis paraflel with each other In the cervical region they bend
backward forming the frst branchial artery and grow down both sides
of the spre This occurs at the second to third week of ntrautenne hfe
Withun the next two to three weeks Brve more connections between the
ventral and dorsal aortas develop thus six paus of branchial arches are
formed However all these branches never eust sumultancously ther

P and disapp are i d by the fow of bloed and

by the time one parr develops another mav disappear The first four
branchial arches are present at the end of four weeks the next two
develop at the end of six weeks The ffth branchual arch diszppears
quickly 10 sts entirety wathout normally partiapatmg in the formation
of any of the extrauterine vesstds Eventually the ventral aortas form
the ascending portion of the aortie arch and the two external carotids
The internal carotids are made up of the third branchial arches and the
dorsal aortas The arch of the aorta s the fourth left branchsal arch and
the descending aorta 1s the left dorsal aorta The pulmonarv arterses are
dented from the ventral part of the snth branchial arch whereas the
ductus artcnosus ongnates from the dorsal pat Vanations w this nor

ml deselopment form the basis of the miny wnomahies of the aortic
arch

The Fetal Curculation and Its Adjustments after Bisth  The ntra
uterme arculation i the human fetus differs from that of extrauterme
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life in @ number of respects (1) Oxygen 1s not obtuned through the
pulmonary crrculation but from the placenta through the umbalical vern
and the ductus venosus (2) Otygenated blood does not enter the left
side of the heart directly but 15 emptied into the nght atnum through
the wnfertor vena cava From here 1t 1s transferred to the left atnum by
means of prefercntial streaming through the foramen ovale (8) The
ductus arteriosus 15 open and cornes blood from the pulmonary artery
mto the aorta This nght to left shunt 1s dependent on the fact that
the pulmonary resistance 18 higher than the systemic resistance m the
fetus (4) Becanse of these vanous shunts pulmonary and systemic
areuits do not recene equal amounts of blood Toward the end of
gestation the lungs receive 10 per cent the fetal tissues minus the lungs
35 per ceat and the placenta 55 per cent of the total combined ven
tricular output °4

The studies of Barcroft ¢ and Dawes® on newborn lambs and Lind
and Wigelus 1% data on human fetuses suggest the followmg description
of the fetal circulation The superior vena cava carrtes blood about 30
per_cent saturated from 1ts usual dramnage places mto the right atrum
Here 1t 18 mized to a certan extent with blood pouring sn through the
wnfertor vena cava which 1s about 63 per cent saturated This mferior
vena cava blood represents a misture of fresh placental blood (80 per
cent saturated) and reduced systenmc venous blood (25 per cent sat
urated } -

The yuxing m the nght atnum  as indicated 15 not complete Most
of the blood from the infertor vena cava ¢nters the left atrum through
the foramen ovale and most of that from the superior vena cava enters
the nght ventncle through the tricuspid valve The nght ventneular
output representing a muxture of nfertor and supernor vena cava blood
(50 per cent saturated) enters the pulmonary artery shghtly more than
half of the pulmonary artenal blood enters the descendmg aorta through
the patent ductus arteriosus and the rest creulates through the Tungs
and enters the left atnum

Left atnal blood then consists of a muture of pulmonary utenal
blood entermg through pubmonary vems (one 8fth) and wfenor vena
cava blood entering through the foramen ovale (four fifths) The oxygen
saturation of the miture m the left ventricle supplying the head and
the npght arm 15 about 60 per cent In contrast the left arm and the
lower part of the body are supphed by 1 muture of left ventnicular and
patent ductus arteriosus blood with an oxy gen saturation of less than 60
per cent As mdicated more than half of the combined ventneular autput
areulates through the placenta via the umbilical artenes to reccve
oxvgen The well saturated umbilical venous blood enters the mfenor
vena cava through the ductus venosus bypassing to a great extent the

liver N
What happens at burth to rearrange this complicated setup nto the
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well known circulatory pattern of extrauterme hfe? The two princapal
factors responsible are the major m v due
to the sudden expansion of the lungs and the uutmr tnerease 1 systemic
resistance due to the collapse and cutting, of the umbihicaf cord

As the pulmonary resistance drops wath the kst few breaths blood
15 dinerted from the ductus artenosus and wirtually the totnd nght ven
tricular putput 1s poured nto the left atnum This eatra amount of blood
i the Jeft atnum and the sudden 1ncrease m resstance confronting the
left ventncle rase left atnal pressure and zesult i closure of the flap
of the foramen avale Thus the two orcwmts are sepasated the foramen
ovale 15 closed by the mocreased Ieft atnal pressure and the patent
ductus arteniosus 15 by passed by virtue of the sudden espansion of the
pulmonary artencles

In this way )} 15 bhshed withia a few
nunutes or hours That this s however not a complete and ireversible
change 15 demomtrated by the fact that vanous environmental méuences
—particolarly anova—may cause these channels to reopen temporandy
this will be discussed i more detail sn the secton on forymen ovale wd
patent ductus anterosus (sce pp 284 344)

Prysiorocic Conseguences or Concenitas Heans Disaase
The ¢hmeal pieture of wdivadual congental heart diseases wath the

tagse background wall be d d 10 detad wath the indrsadual
lestons However certam general principles common to many forms of
congemtal cardiae malf may be d here

The physiologie consequences of the vanous congemtal cardmc
anomahes may be {1) artenal unsaturation that »s  ~dmiature of un
oxy genated blood 1n the Jeit side of the heart or the aarta {3) averwork
m terms of systohic or distobe overloading of the ventncles and (3}
smadequate systemie cardise oviput

Astensal Unsaturation  Nowmally the blood 1 the pulmonary vems
the left side of the heart and the systemuc arterses 15 more than 93 per
cent saturated with oxygen Consequently if a blood sample obtamed
from a penpheral artery (femoral brachial and se foxth) of the average
person 15 analyzed by the Van Slyhe method 1ts axygen content should
be at least 95 per cent of its capacsty that is 18 ta 19 mt of evygen
per 100 ml of blood Under certam circumstances prmeipaily durmg
erymg or respiratory wsuflicency of one sort or another the oxygen
saturation of the penpheral arteral blood may be as low as 92 per cent
m apparently healthy people If howesver the artenal ovygen saturatson
15 9 per cent or lower artenal unsaturation is present

Cranosts  Artersal unsaturation 15 not always accompanted by
wisible cyauosts and cyanosts does not always mean artenal unsatura
tion The bluish color of cyanosis s the nsult of an increased amount
of seduced h Jobia m the \i! i} d and Van Shle- ¥
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Table 22 Oxygen Soturation and Oxyhemoglobin and Reduced Hemoglobin
Normal and Cysnotic Subjects

Normal [ Cyamate
O:Sat  Osy Hgb  Red Hgb | O:Sat  Oay Hgb  Red Hgb
o gm % gm G gm % gm %
Avteral blood | 95 1425 75 | 15 1125 375
Capullary blood
(calculated) | 85 12 75 225 | 65 975 (5 25)
Venousblood | 75 11 25 375 | 55 825 75

stited that at least 50 gm of reduced hemoglobin must be present m
the capillarics before chinteal cyanosis 1s noted (Table 22) Since the
averi,e person carries 150 gm of hemoglobin per 100 ml of blood
one third unsaturation would huve to exist at the capillary lcvel before
5 gm of reduced hemoglobm would be found Since the capiliary blood
according to Lundsgaard and Van Slyke normally contuns ~bout 225
gm of reduced hemoglobm a drop m arterial saturation to 75 per cent
will add the additional 30 gm of reduced hemoglobin_necessary for
manifest cyanosis (Table 22) As a matter of fact physicians whe fre
quently see patients with cyanotic discase usually are able to recognize
cyanosis n patients whose artenal oxygen saturation s 80 to 85 per cent

One further pomt to be emphasized 1s that accordmg to this con
cept the presence of cyanosis depends not only on the percentage of
saturation of the artenal blood but also on the absolute level of air
culatory hemoglobin Thus an 80 per cent saturation m a child who has
10 gm of hemoglobin per 100 m! of blood results n 2 gm of reduced
hemoglobimn in the artenal blood whereas the same percentage of sat
uration 1 a person with 15 gm of hemoglobin 1s accompamed by 3
gm of reduced hemoglobin and thus more defimte cyanosis

This then illustrates the pomt that definite artenal unsaturation
may or may not be ) d by cyanosis depending on the degree
of unsaturation 1nd the absolute level of the hemoglol

On the other hand defimte visible cyanosis may be present m
patients whase artenal blood 1s fully saturated These are persons in
whom the extraction of ovygen 1s so complete that reduced hemoglobn
1s present at the capillary level m amounts greater than 5 gm  thus
piving the chnteal picture of cyanosis with normal artenial oxygen sat
uration
I am certamn that 1n a book wntten for pediatrictans the fact that
“cysnosis” may ndeed be mmtated by methemoglobmemi1 or mtrite_
poisemng needs to be mentioned only bricfly Our more expenenced
older teachers can remember the time when argyna caused by prolonged
admimstration of Argyrol also had to be considered m the diffrential

diagnosis
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These tho types of cyanosss the central {wath artenal unsatura
tion) and pempheral (without arteral unsaturation) maty be distn
guished chnscally by the fact that the former 15 much more generalized
and severe while the latter 1s usually milder ffecting only the tips of
the fngers toes and nose and not the mucous membranes An easy and
rehable method of dustingushing betwecn the two types of cyanosis is
by direct determunation of the arterial oxygen content Penpheral cy
anosts may be seen n severe cases of mutral stenosis and pulmonary
stenosis without right to left shunt whereas central cyanoss 15 most
ikely to occor with mtracardiae nght ta left shunts although it may be
caused by pulmonary disese s well

In a patient with central cyanosis arterial nnsaturation may oceur
either because the pulmonary sems themsehes do not canry fully oy
genated bload or because the fully saturated blood of the pulmonary
vems hecomes contarmnted by reduced hemoglobin after it has been
delsvered to the left atrum The frst mstance 1s an eaample of pulmonary
eyanosis and ¢an be identified m most {but not all) mstances sf the
mbalation of 100 per cent oxvgen raises the artenal oxygen content to
300 per cent or more Pabients with pulmonary cvanosis get pimk when
put i an oxygen tent or when they crv On the other hand of a nght to
Ieit diac shunt 1s ble for the central cyanoss the child
will get much bluer when be enes and will not become completelv panh
m an oxvgen fent netther will artennal samples from these patients show
a nise to normal oxygen level after mhalabion of 100 per cent ougen

d 1 1 1

The chinieal diff 1 of cyapasis ss P
1 Figure 166
.
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Figure 166 Differential diagnoss of central and penpherat ¢y angss

Perhaps a few words could be spent here in esplarang the physt
ology of central ovnosis In the pulmonary type the hemoylohin does
not become fully saturited with oxygen w the capillanes of the lung
whether the low pulmanary venous oxy gen saturation sesulting from this
ts due to the low axygen tension of the alveclar wr or to a barner be
tween the alvech and the capillanies # can 2t least theoretically be
corrected by wereaning the oxygen tension m the alh eolar arr This ac
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counts for the good response to mhalation of 100 per cent oxygen m
most of these cases Conversely in mstances of shunt cyanosis of the
central vartety 1n which the hemoglobin m the lungs does become fully
saturated increasing the oxygen tension n the alveolar air results only
m a lesser merease i the artenal onygen content which may be due
partly to the increased absorption of onygen mto the plasma and partly
to the latory adjustments 1ve to oxygen admmstration
Shunt cyanosts 15 not as stated in some places the result of an wade
quate pulmonary blood flow it 15 aliways due to the addition of venous
to arterial blood For shunt cyanosis to occur two things are necessary
(1} a communicatron between the two circmits such as a septal defect
or a patent ductus arteniosus and (2) a resistance to flow of blood on
the nght side that 1s larger than the resistance to flow on the left side
The deep blwsh color of cyanosis does not have to be 1illustrated by
colored plates 1t should be famihar to every physician It 15 most
obvious 1n the mucous membranes of the eves and mouth but occurs
also m the fingers toes and the glans penis Less sesere unsaturation may
give nse to excessive redness of the lips cheeks and finger tips some
times the parents of these children remark that this particular youngster
has always had a “much better color” than the rest of the family
Crussing  Under ordmnary circumstances then the first result of
arteral unsaturation 1s cyanosis The second shghtly later but almost
as dramatic consequence 1s the development of clubbing or hypertrophic
osteoarthropathy (Fig 3 p 12) In ats fully developed form this con
sists in a widenmg and thickening of the ends of the fingers and toes
accompanied by convex fingernails Earher forms of clubbing consist in
shininess and tenseness of the termmal phalanges obliterating the
wrmnlles usually present m this part of the shin This ieiptent clubbing
1s usually accompanied by fiery red fingers giving a charactenstic picture
of earlv shght artertal unsaturation I have seen full blown clubbing n
severely cyanotic children as young as two or three weeks old ordmanly
however 1t does not make 1its appearance until a child 15 one or two
vears old For some reason 1t appears earhest and most pronounced on
the thumbs Physiologic and histologic studies of clubbing mdicate that
these fingers have an increased number of capillanies with mereased
blood flow through mynads of arteriovenous aneurysms *2 This 1s ac
compamed by an increase of connective tissue 1n the termmal phalnges
Clubbing n children almost always indicates congemtal heart dis
ease of the cyanotic vanety although occasionally cirrhosis of the Iner
subacute bactenal endacarditis lung abscess or @ven 1 familial here ditary
condition may be responsible for it
Porxcyturmia  Polyevtherma with mcereased hemoglobm content
1s another consequence of arterial unsaturation That a low artenal
oaygen content icts as a stimulus to the bone marrow has been amply
Jemonstrated not only on patients with congenital malformation of the
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beart but also i people Ining at lgh altitudes with low ph
axygen tension V¥ The mcreased oxygen carrying capiaity acluered by
this method 15 an watremely uscful compensatory mechamsm wntdd the
polycy themea reaches hamatoerst levels of 80 pes cont or more At these
levels however the benefits denved from the tncrease w walable
oxygen ase probably outweighed by the disadvintages of the Ingh
wviscosity The therapeutic wnphcttions of these consideritions will be
ciscussed later (p 467)

DispNea  Dyspnea on exertion 1s a charactersstie fuature of pa
tients with artenal Exeraise d: d ovsgen
delivery to the tssues In congemtal heart disease with artenal unsatura
tion this 1s not possible As a matter of fact 1w many wistances the amount
of oxygen delinered may actually decrease on exertion because of the
screased ught to left shunt resulting from the decresed systenme re
sstance Under these arcumstances dyspnea and hyperpnea occur pos
sibly as a resy to the | of eh P

\notia  Anovic spells consisting n m mtial pertod of uncontroll
able erymg followed by paroxysms of dyspiiea cysnosis unconscrousness
and even convulstons pecur in certain types of cyanotic congenstal heart
disease especially in tetralogy of Fallot These slarming episodes are of
utmost sextousness they may even lead to the death of the patient Usu
ally they do not follow severe exerbon but rather occur eurly m the
mormng after a good mghts sleep Often they are associated with bowel
movements or feedmg at other times they cannot be attnbuted to any
sigle environmental factor Thew duration is from a few menutes to
several hours In mild cases they may occur once every twa or three
months whereas m the severest mstances a baby may bave several of
these episades n one day It 15 saud that thess attichs are an expression
of cerchral anoxia an unproved hypothess accepted by most phy siians
m the absence of a more accurate explanabon Anoxic spells <eldom
make their appearance at burth they usually start at three to four months
of age and dusappear before the §fth year of hfe

Squartive  Squatting desenhed by Taussig®® 35 4 charactenstic
posture assumed after excrtion by patients with certain types of cyanotic
congemtal heart duease speafically tetralogy of Fallot and less com
monly pulmonary stenosis with an open foramen ovale (Fig 1 p 8) It
first makes sts appeasance at about one and one half years of age or
when the child stuts walling Social pressure wsvally though not
varably abolishes it at esght to ten years of age Detailed studies of our
own and those of others ® indicate that oxygen saturaton dimumshed
by exermse cw be restored to novmal wote rapdly m a squattmg than
m a standing posiion (¥Fig 167) This may be tecomphshed enther by
InCreasng systemic v enous return or possibly by augmenting the periph
eral resistance and thus dumnishing the degree of nght to left shunt
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Figure 167 Effect of squatting on exercise mduced artenal oaygen wnsaturation an
a patient with cyanotic congeutal heart dusease

Overloading of the Ventncles Systouic Overnoapine An m
crease m the resistance to outflow results n systolic overloading of the
ventricles In the left ventmcle this occurs with ortic stenosis or coare
tation of the aort1 whercas on the nght side 1t may be the result of pul
monary stenosis or pulmonary vascular obstruction The high pressure in
the ventrcle 1s usually best demonstrated chinically by the electracardto
gram Striking changes such as increase 1n voltage prolongation of ven
tricular activation time depression of the S T segment and mversion of
the T wave allow an almost quantitative esttmation of the height of
pressure and the degree of hypertrophy 1n the appropriate ventrcle In
direct proof of systolic overloading of the ventricles can also be obtamed
from the evidences of atrial hypertrophy 1 the electrocardiogram On
the other hand fluoroscopy 1s almost useless 1n detecting the presence
of a small but concentnically hypertrophied ventricle I have repeatedly
encountered patients with maxumal aortic stenosis even leading to death
m whom the cardiac sithouctte was essentially normal Thus really 1s not
surpnsing 1f one bears in mind the few millimcters or centimeters of
thickening mnvohved 1n maximal cardiac hypertrophy

Chronic systoic overloading of the left ventricle 15 usually well
tolerated without symptoms The left ventricle 1s capable of performmg
many tunes its normal work load and thus ensures a normal cardiac
output under 1 wide vanety of cir This great adaptability hs
the one disadvantage that 1t gives no warning to the patient that he s
overtasmg lus heart hence the cases of sudden death probably from
ventnieular fibnllation 10 previously asymptomatic youngsters with nortic
| stenosis At postmortem examination these patients my show tremen
} dous cardiac hy pertrophy with diffuse scarning as a result of 1schamia By




GEMERAL PRINCIPLES 279

the same token congestnve fatture 35 a late mamfestation of systolic
overloadmg of the left ventnele 1t occurs m the most advanced cases
only and usually at a time when treatment medical or surgical 1s not
Ikely to restore the effectrveness of the arculation for «wy length of ume

Congestive faslure may also be a late mansfestaton of systolie over
loading of the nght ventncle n both wmstances 1t 15 a matter of utmost
senousiess And often 15 beyond repar However systohe overloadng
of the nght side of the heart gres warnngs sooner than its left sided
counterpart If the obstruction 15 1n the Jung 6eld the pulmonary artenal
hypertension resuiting from this obstruction may cause dyspnea on eaer
tion and even at rest possibly through stumulation of Jocal pressure re
ceptors Whether the obstruction ss at the pulmonary valvulor or at the
pulmonary artenal level the nght ventnicle 1s frequently unable to exert
the masmal cffort that the left ventnele 15 capable of exesting under
stmalar ctreumstances Thus fatigue due to wadequate cardiac output
becomes a promment symptom Finally a nght to left shunt may be
established by forcing open a ltherto sealed or small foramen ovale and
symptoms referable to artenal may appear Thus systolic
overloading of the nght ventnele m contrast to sumlar overloadmg of
the left wentncle gnes a number of warning signs (dvspnea fabigue )
cyanosis) before congestise falure sets in -

Diastouic OverLoapinG  Diastohe overloading of the ventnicle w
congemtat heart dusease 15 the result of an increased volume of blood
beng offered to it dunng diastole Patent ductus sxtenosus and aocrhic
regurgitation are the commonest causes of diastohe overloading of the
left ventnele whereas pulmonary venous anomaly atrial septal defect
and ventricular septal defect are the most frequent causes of overloading
of the nght ventncle The mereased solume of blood 1s handled by dila
tation and hy phy of the v Tes and an d strobe output
In marked contrast to the situation m nstolic overloading the radsologie
pietare 15 7 much more sensitine wdes of this type of overwork than s
the electrocardtogram Radioscopy reveals a sigmficantly enlarged heart
and the pulsations are vagorous under the fluoroscope even 1 moderate
diastohe overload: when the el hiog: may stall be within
relatoely normal henets Fusth stnbing rdiologie end w this
regard may be obtamed in all instances except rortic regurgitation from
the p af pad aveder
should be sounded howerer by pomting o

even with le pul

crcased volome but rather of merersed pre
terial dree

The physeal caamnation 15 also tremely helpful m detectiny,
diastobie orerloading of the ventnicles One of the most sensitive mdices
15 the prescnce of a diastohe rumble at the apex or the lower left sternal
border which 15 common to all hearts with large diastolic +olumes on

A acte of cantwn
ut that pulmonary yaseular
m7y not be the result of
ssuse yy the pulmonary ar
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the left or the nght side In free aortic regurgitation 1t 1s referred tp as
the Flint murmur 1n septal defects 1t has no special name but has been
noted with large left to nght shunts at any level My impression 1s that
the presence of a_defimte shunt _diastole murmur mnd: a-pulm
nary systemug flow_ratio_of at least 2 1, Another equally valuable sign of
diastohic overloading of exther ventricle 1s the presence of a hyperactise
cardrac umpulse often accompamed by left chest prominence Finally
infants with left to rght shunts are more likely to have severe respiratory
infections even pneumonia

Signs and symptoms of left sided or nght sided congestnve failure
appear much earlier 1n patients with drastolic overloading but represent
therapeutically more approachable problems than the congestive failures
resulting from systolic overloading Medical or surgical treatment or a
combination of the two may restore practically normal circulatory eff
clency to these children with severe congestive failure

Inadeguate Cardiac Output  Inadegquite cudiac output may be
the result of a heart failing as a consequence of overloading this 15 dis
cussed m the section devoted to congestive failure (see p 242)

Another type of maximal himutation of cardiac output without con
gestive farlure 15 the one in which a congenmtal anomaly of the heart
does not allow a left ventricular output suffictent to mamtain life for any
length of time Prime examples of this are (1) complete transposition of
the pulmonary vems or the great artenies and (2) the complete nterrup
tion of the aorta exther at the valve or at the level of the arch In these
cases death usually ensues within the frst few weeks or months of hfe

Varying degrees of physical upderdeyelopment re commonly found
n patients with shght lumitations of systemuc cardiac output such as
those caused by patent ductus arteriosus or atral septal defect That
this may 1n some be the Q of the hat de
creased systermic circulation seems proved by the occasionally spectac
ular growth and weight spurt expenienced by cluldren whose defect
15 corrected surgicall, My personal view 1s however that i many

the derdevel represents erther a genetieally linked
abnormality or 1s the result of the frequent respiratory nfections charac
tenstic of the left to nght shunt group rather than the outcome of dim
imshed cardiac output This belief 1s based principally on three obsena
tions (1) Complete operative correction of the malformation seldom
exerts 1 sigmificant influence on the growth curve of a cld (2) Large
and serious defects may be associatcd with Telativedy normal dovelop
ment whercas mmor abnormahties may be found m relatucly under
devcloped youngsters (3) The infants growth and development may be
increased sigmificantly by the vigorous use of chemotherapy and “h‘-m"f
prophylaxis and the consequent dummnution 11 the number of bouts ol
pneumona per year

Although these views concerning the in

fluence of moderately severe
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Table 23 A ! Clawfi of the Most I Types of C tal
Heart Dsease

Communtcation beteween Systemc and Pulmonary C ¢u is w th Left to R ght Shund

Iateratrial communicat ons
'oramen ovale
Foramen secundum
Foramen phmum
Inten entnicular communications
Small ventncular defect {Roger}
Large ventricular defect (7 Eisenmenger)
\ entricular defect with pulmonary stenasis
entnaular defect with aortic regusgitation
Single sentncle
Commun cations between great vessels
Patent ductus artenosus
Aortopulmonary fenestrum
Persistent truncus arteriosus
Aneurysm of the sinus of Valsalia

1 alrular and Vascul r Lesions w th a R ght to-Left Shunt or no Sk ¢ ¢ Al

Coarctation of aorta
Vascular nng
Aortic stenosis
Aort ¢ regurgitation
Underde cloped left vent cle with aortic atresia
Mutral stenosis
Pulmonary sascular abstruct on syndrome
Pulmonary stenasis

W th tact sentncular septum

Wth entrcular septal defect {tetralogy of Fallot)
Pulmonary regurgitation
Underdeveloped right ventnele with tricuspid atresia
Ebstein s anomaly

The T ansp s5it ons

Complete transposition of the great artenes
¢ of the pul

y artery w th completely transposed aorta
(Tauss g Bing)

Incomplete transposit on of the 20 ta with pulmonary artery f om the nght ventricle
(tetralogy of Fallot Euscamenger complex)
Complete tran position of the pulmonary vems
Incomplete tran_pos ton of the pulmonary veins
Transposition of the venac ca ae
Dextrocardia.

Murror image with abdominal situs 1n ersus

lated

solat
Levocardia wath abdom nal 1tus 1n ersus

congental heart disease on the physical development of children may
not be uniformly accepted the fact that the mental development of these
younggters 1s not nfluenced by thetr cardiac output Snds unn crsal agree
ment among workers m this field Patients wath severe congental heart
disease cyanotic or not cyanotic may be of normal or wfenor mtellect
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T
LLFY 3} ENTRICUL AR Y P
NORMAL AR FERIAL SATURATION >910)

PULMONARY VASCULATURE

Dimnished Normal Increased
—_—
Coarctanon of aorta Patent ductus
Aortic steposts Aortopulmonary fenestratic
Pulmonary stenosis (very mild) A -V commumns
without R — L
Ventricular defect (smaif) Ventricular defect (modera

Primary myocardral disease

Ta
RICHT VENTRICUL:
NORMAL ARTERIAL $4ATURAIION 1> 019 )
PULMONARY VASCULATURE
Dimmnished Normal Increased

—————
Pulmonary stcnosis  Pulmonary stenosis  Partial pulm vemn anom
(severe) without (mmld) without
- R—L
Atrial defect

A -V communis

Pulmonary hyper |V entricular defecte
tension vth Patent ductus

most certamly thare are more mentally retarded children among those
with congemital heart disease than are seen in the general population
That thesc condittons are probabls not caucally hnked to each other 15
prosed by the fact that therc 1s no direct corrclation between the seventy
of the disease and the inteligence quotint and by the obstrvation that
correctine surgery s no wfluence 2 all on the mentat development of
these youngsters

These two points should be stressed so as not to raise. the hopes of
parents who may eapect miraculous 1mprorement m phy sie Al or mental
growth as a result of corrective surgery for congemtal heart diseise
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24
TROPHY OR DOVINANCE (EAG)
LOW ARTERIAL SATURAIION (<91 )
PULMONARY \ ASCULATURE

Disnimished Normal Increased
- —_—

Trcuspid atresia ‘Truncus arteriosus
Single ventricle with pulmonary stenosis Single ventnicle
Ebstem s disease

25
H}1 ERTROPHY (ERG}
LOW ARTERIAL SATURATION (< 917)
PULMONARY VASCULATURE

Dimumished Normal Increased v
_

Pulmonary Atrsal defect Total pulm vein anom

stenosis with ;Ventricular

R-L defect
Tr with pul 14 Transp without pul y stenosis

stenos
Single ventricle with

Single ventricle without pulmonary
pulmonary stenosis stenosis

— Pulmonary vascular ——— Pulmopary vascular]|A 'V communis

obstruction (P primarv) obstruction ‘Ventricular defect
(secondary ) Patent ductus)with or
without
coarc
tation

Truncus arteriosus
Aortic atresia

CLASSIFICATION

Table 23 presents the classification which will form the framework
for the presentation of the mdividual lesions This schematic division 1s
an at empt to present lesions m a logical sequence without bemng hin
dered by the artificial diviston of cyanotic or noncyanotic disease It 1s
hoped that tlus classification will make st easier for the reader to re
member all the vanieties of congemital heart disease

Tables 24 and 25 present a diagnostic classification of the most 1m
portant forms of congemtal heart disease based on the presence of left
or right ventricular hypertrophy as shown m the electrocardiogram the

prestnce or absence of cyanosis and the nature of the pulmonary vas
culature 1n the radiogram



CHAPTER 15

Communications
between Systemic
and Pulmonary Circuits

INTERATRIAL COMMUNICATIONS
PATENT ForaMen OvaLe

The foramen ovale 1s a shtlike opening n the atnal septum at the site
of the foramen secundum of the septum pnmum As mdicated 1n the
discussion on embryology the septum secundum surrounding the fora
men secundum 1n a crescent shape leaves a shthhe openmng which 1s
covered 1n a valvelike manner by the free edge of the septum primum
The only important function of the foramen ovale 1s m intrauterine hfe
when 1t transmits inferior vena cava bloed which has a high oxygen
content to the left atrum This 15 possible because 1n fetal hfe the high
nght atrial pressure keeps the valve of the foramen ovale open Shortly
after birth left atnal pressure nses and the flap 15 pushed tightly agamst
the septum secundum closing the foramen ovale functionally Lind and
Wigchus #'¢ using angiocardrographic methods could not demonstrate a
fi 1 opening 1 the fi ovale at the end of the first week of
Ife Anatomic patency howerer may occur for several months and even
at the end of the first year of life approximately S0 per cent of all infants
have a probe patent foramen ovale Probably complete anatomic closure
never occurs m 30 per cent of all persons

\/The principal fact to remember about the foramen ovale 1s that it
can allow only a nght to left shunt because of the flap which covers it
from the left side Consequently any fi 1 hon bet
the two atra through this opening must go from nght to left A left to
right atrial shunt cannot be explained on the basis of a patent foramen
ovale Therefore a functional opemng of the foramen ovale 15 possible
only 1n situations 1n which the resistance to flow 1 the nght side of the
heart 1s higher than in the systemic circwit and thercfore night atrial pres
sure 1s higher than left atrial pressure (Fig 168) Thus the chnical pic
ture of an open foramen ovale consists 1n a nght to-leit atnal shunt in

284
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cases of obstruction at the level of the nght ventncular pulmonary val
vular or pulmonary ascular level

It should be mentioned howeser that fanly fiequently at cardiac
cathetenization the left atnum may be entered through a functionally
closed foramen ovale thus pomting up the fact that passage through the
atrial septum by the cardiac catheter does not under all cireumstances
indicate the presence of an atnal septal defect

In summary the diagnosis of a functionally patent foramen ovale
i extrauterine Iife should be made only 1 the presence of a night to left
atnal shunt d with nght + lar and nght atnal hyper
tension

AtriaL SePTAL DEFECT INCLUDING FORAMEN SECUNDUM AND
ForaMEN PriMunm LrsioNs

An atrial septal defect 15 any opeming 1n the atnal septum not cov
ered by a valve

INCIDENCE

In varous authors sertes atrial septal defect occurs with varyng
frequency 1t ranked seventh among Abbotts? 1000 cases seen at post
mortem examnation and second among Woods* 200 and our 577
cases studied by chnical means In approumately 15 per cent of all pa
tients who have congenital heart disease and who Ine through nfancy
an atrial septal defect 15 the principal lesion

ANATOMY

The foramen secundum lesion high 1o the atrial septum may be one
large defect or may consist of several small almost cibnform openings
It 15 the result of falure of the septum secundum to completely cover
the foramen secundum An associated anomaly of the pulmonary venous
draimnage 1s commonly present as well

The foramen ppmum defect on the other hand 1s Iow 1 the atrial
septum 15 of crescent shape and 1s the consequence of failure of the
septum primum and the endocardial ); of the 1cular
valves to fuse Ttis often associated with deformties of the mutral (cleft
anterior cusp) or tncuspid valve or even with a small high yventncular
septaldefect Because of these associations Edwards and fus co authorso?
refer to the foramen pnmum defect as a persistent atrioventricular canal
and discuss 1t as 1 more or less complete version of atrioventriculans
communis

The size of atnal septal defects vanies from at least L cm 1n diameter
the smallest chnically ssgmficant opeming to virtual absence of the atrial
septum The average size 1s about 3 cm

The pulmonary artenies and the cavities of the nght atrum and the
night ventncle are large and often overshadow the Ieft side of the heart ™
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Fig 168 A

and the aorta The wall of the night atrium and the night ventncle is not
grossly hypertrophied dilatation dominates the picture Associated left
ventnicular enlargement 1s seen 1 the foramen pumum defects espe
cially if they are assocrated with deformities of the mitral valie

PrystoLocy
The flow of blood through an uncomplcated atrial septal defect,
rangng from 1 0 to 20 hters per minute per squarc meter of body surface
15 always from Icft to nght by virtue of the fact that the pressure m the
left atnum s higher than that in the nght itnum through the entire
cycle This relatne hypertension of the left atnum 15 dependent on the
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F gure 168 D agrammatic presentation of the fact that the flap coverng tle
foram n o ale does not permt the transfer of blood from left to-ngl t atnum (A)

wher as t allows a free flow from r ght to left if the r gl t atr al pressure 1s hagher (B)
than the left atrial

difference 1n the pressure volume characteristics of the two ventnicles 190
* ' Under normal circumstances the left ventncle having to over
come the Ingh resistance penipheral circulation 1s thicker and less dis
tensible than the nght ventricle worhmg agamst a low resistance pul
monary aircu t Thus the left atrium must hypertrophy 1 order to §l1
this thick walled chamber and the left atmal pressure curve usually
shows a taller A wave and a lugher mean pressure than the nght atmal
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pressure curve shows Under ordmary circumstances with an mtact
atnal septum  the left atrial mean pressure 1s approaumately § to 10 mm
of mercury whereas the nght atnal mean pressure 1s only 4 to 5 mm
If a large defect mn the atnal septum 1s ereated the pressure i the two
atna becomes equal with the mean pressure about mudway behveen
normal night and left atnal mean pressures At this Jevel of common pres
sure in the two atra the nght ventnicle can be filled eastly but the left
ventricle cannot Consequently all the caval blood entering the mght
atrium and much of the pulmon1ry venous blood enterng the left atnum
finds ats wav to the nght ventricle and the pulmonary artery (Fig 169)

The flow through this atnal defect probably occurs through the entire
cardiac cyele Dow™ pomted to the teleclogical argument that the pur

pose of the entire arculation 1s to ensure an adequate systemic output
Consequently 1f one assumes that a certamn percentage of the pulmon

ary venous blood 1s shunted from the left to the nght atnum then the
total pulmonary flow should be suffi so that the p allotted
from 1t to the left ventncle 1s patible with Ife G g proof of
this hypothesis 1s afforded by figures which show widely varying pul

monary blood Bows i cases of atnal defect m which systenic indices
are withn normal range **

The physiologic phenomena just desenbed consisting 1 a relatrvely
norml systemic output with a large left to nght shunt and a consccutnne
wncrease 1n pulmonary blood flow are charactenstic features of a large

dum defect For p 1 purposts n these cases no

foramen



COMMUNICATIONS BETWEEN $1STEMIC AND 1ULMONARY CIRCUITS 289

nght to left shunt accurs A complicating factor such as pulmonary
vascular obstruction pulmonary stenosis or failure of the nght ventricle
would have to be present before a night to left shunt through an atnal
septal defect of the sccundum type could be present

In patients with an ostum pnmum type of defect which casily
blends both lly and physiologically into atrioventriculans
¢ the physiolog; 15 hat daff These pa
tients tend to have an increase n pulmonary vascular resistance sumlar
to that m ventncular septal defects hence nght ventricular pressure 1s
more or less elevated and some degree of night toleft shunt often
oceurs 1 ly with the do Ieft to nght shunt In addition
to the increase 1n pulmonary vascular resistance a further cause of the
night to left shunt may be the occurrence of mitral regurgitation which
may change the volume pressure charactenstics of the Ieft ventrcle
through dilatation

Two further physiologic vanants possible either with a pumum or
a secundum type of defect should be mentioned bnefly One 15 pulmon
ary_vascular obstruction This does not occur frequently in children (less
than 10 per cent of those with atnal defects) When 1t does occur 1t 1s
usually associated with a foramen primum type of defect On the other
hand pulmonary vascular obstruchon 1n adults with atnal septal defect
1s relatively common It usually appears 1n_progressive fashion m the
late twenties or thirtics associated with foramen primum or secundum
type of defects and may be the result of the large pulmonary blood fow
4 the pul through the years

‘The second vanant which should be mentioned 15 the association of
atrial septal defect and a lcft to nght shunt with mild pulmonary steno
sis The gradient across the pulmonary valve m these mstances 1s prob
ably due to an unusually large amount of blood attempting to get through
a normal pulmonary valve duning systole rather than to true anatomic
stenosis Additional anatomic reasons may be found 1n the hypertrophy
of the nght ventricular outflow tract with the creation of a real obstruc
tion to flow and dilatation of the main pulmonary artery segment

Cuinicar, Picrune

The most sigmficant feature 1n the history of the majonty of children
with atrial septal defect 1s the discovery of a murmur Usually this 1s
not notcd until the chuld 1s well past the neonatal period and n some
mstances not until the patient 1s more than five years old

The symptomatology of atral scptal defect in ehildren vancs Some
ptients have no complunts at all whereas i others varying degrees of
excrasentolerince  ¢pisodes_of nght sided.congestive fatlure and fre
quent severe respiratory anfectjons are evident (Iig 170) On the whole
patients with ostium prmum defects are morc hhely to show symptoms
carly especially congestive faslure whereas lesions of the ostium secun
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SYMPTOMS IN 32 PATIENTS

12

MLD 'm
EXERCT NO
INTOLERANCE ~ SYMPTOMS
Figure I70  Symptoms 1n thity two patients with atrial septal defect ¢ CHF = con
gestive heart failure RI = mereased number of respiratory mfections
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Figure 171 Phonacard ogran s correlated with ) igular venous pulse m ught cases
of atnal septal defect Note the systolic collapse mn every instance and the tall V
wile 264

dum cause relatively few symptoms throughout childhood Cyanesis 1s
estremely rare m the foramen secundum type whereas it 1s frequently
mentioned m the lustory of patients with forimen pumum defects
On physical examination these pitients usuilly though not mvan

ably appear thin and asthenie 1r buldd  The blood pressure 15 normal

with some tendency tow ird 1 gnz;u\v pulse pressure The jugular venous
pulse shows till V'waves preceded by a systolic collapse (Fig, 171) The
fiver may be palpible but ss not tender or pulsating Left chest deform

ity 1s common The cardiac impulse 15 hyperdyname and heaving It
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Figure 172 Phonocardiogram of muilm with osbum primum type of atnal scptal
efect

is maximal at the xiphoid process though m foramen prmum defcct an
additional left ventnicular type of apical mmpulse 1s also palpable A
systolic thull at the second left ipterspace indicates addibonal pulmon
ary stenosis A thnll at the lower Ieft sternal border and apex may occur
wath foramen prmmum defects

On auscultation all defects have a_systolic purmur In ostium secun
dum defects this 15 usually of no mdre than grade 3 ntensity 15 blowmg
i chatacter and 1s heurd maumally at the sccond to third mterspace
with poor trinsmssion (Eig 109 p 107) The onghi of this Systohe

VIR EOOF 11 ongin

murmur may be either at the pulmonary valve or at the defect itself In
contrast the systohe_munmug of_a_foramen prmum_defect 15 much
harsher and 1s heard loudest at the lower left sternal border transmutting
well toward the apex_and even the back (Fig 172) This murmur near
the Wﬁhﬁ,ﬂlﬁng@rgmuon commonly_assper
atedWith foramen pnmum The murmur 1t the Jower left sternal border
may be caused by_the forceful regurgitant jet through the mitral valve
and through the Tow atnat™deféet "If either @ primum_or a secundum
type of defect 15 associated wath pulmonary stenosss the typicil stengtic
murmur at the sfaindd—k Tt Interspace will be the_dommant feature

Low frequency diastolic murmurs {rumbles) are heard m all atnal
septal defects with at least 2 1 _pulmon iny_systemae o Tatig=These
etther acenr yomedintely heyond the second sound (Fig 111 p 108)
or foliow the third sound and are best heard just at the lower left sternal
border of near the apek~An early high frequency duastohc_blow may be

i patients who h pulmopary

heard 1R patients who have an atnial defect ngsociated with

vascular_obstruction and pulmonarymmu (Fig 110 p 107)

“The first heart sound miy Bew ndéll sphit but 1s of average mtensity

and 1s heard Eﬁs't at the apex The second heart sound 15 TTways wadely
sphit. (more thati 0 05 second) at the second left interspace and 15 as a

rule of normal mtensity A defimtely accentuated second sound at the
- O e == S TTONC Joung at e
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Figure 178 Typical atrial septal defcct m posteroantenor left antenar obhique and
nght antener oblique ViewSe ..

Quﬁlxm)ﬂr}:/ area 15 heard only m children with pulmonary arterial hyper

tension As previously mentioned the third_heart sound 15 heard com
monly at the apex

The roentgenologic findings are enlargement of the nght side of the
heart and cniargemeﬁt'é‘ﬁd‘ pulsation of the man_stem _and the small
branches of the pulmonary artery_(Fig 173} The _total cardiac size s
n direct proportion to the size of the left to nght shunt (Fig 174)
\\@hmﬁﬁlsahéﬁs—aﬁh'e pulmonary vaseulature do

not have direct beanng on the size of the pulmonary blood flow The
o A = e - gl
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Figure 174  Posteroanterior views of patients with (A) small (B) medum sized
and (C) large atnal septal defect

enlargement of the nght side of the heart mvolves the night atrum and
the nght ventricle to an equal degree No 1solated left atnal enlargement
1s present m uncomphcated atnal septal defect Left ventricular enlarge
ment 15 suggested radiologically 1 foramen primum defects With tifal
regurgifabon and in any pabent with congestive failure
Wﬁﬁ@ngﬂm shows complete or mcomplete nght_hundle
branch blockcin all cases of atnal septal defect (Fig 175) Prolonged
P R intersal 1s noted 1n about 25 per cent of the children who have this
anomaly A significant degree of nght ventncular hypertrophy wath
stramn (indicating nght ventricular hypertension) 15 an unusual feature
of an licated foramen dum defect but may be encountered
occasionally with a foramen prumum lesion Similarly the left ventnc_

ular hypertrophy type of chest lead and left axig deviation 1n the standard
imb leads are the rule_with foramen pumum defects assocated_with
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Figure 175 Electrocardiogram of patient with atrial septal defect Note the pre ence

of mcomplete ight bundle branch block
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I defect
176 Electrocardiogram of foramen pnmum type of atnal septal
N e o 1ot e imaton 1 the standard Lurb Teads and might bundie
branch block wath good left ventncular potentials i the chest leads
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Figure 177 ‘ findings 1n patient with

of cardiac
atnal septal defect (foramen secundum)

mitral regurmtation (Fig 176) whereas they almost never are encoun
tered i1 ordiary ostiam secandum defects
" The findings at cardiac cathetenization are as follows (Fig 177)

1 There 15 an incrensg.in the 0% gen.cantent of the nght atnum of
at Jeast 2 volumes per cent over that of the superior vena cava In fora
men dum defects the of lighly oxygenated blood occurs
lugh 1n the nght atnum  near the entrance of the vena cava without any
further jump in the ventnicle Conversely in a patent wath a foramen
pnmum defect the addition of oxy genated blood 1s blely to occur near
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Figure 178  Radiogram demonstrating the passage of the catheter through an atnal
septal defect from nght to left atrum

the tricuspid valve and a further increase may occur mn the ventnicle

1tself
2 The pressures in the nght side of the heart are usually within

normal hmits 1n children with ostium secandum defects the chief abnor
mality bémg the fiéquent ocquirence of tall V waves m the night atrium
Conversely children with ostium Dnmun;.dcfects and adults m ther
twenties or thirties usually have more or less pulmonary artenal hyper
tension
8 The pulmonary capillary pressure 1s normal
4 The penpheral artersal blood 1s usually more than 95 per cent
saturated T TT T
75 As a result ofsthe large atrial shunt, the pulmonary blood_flow
becomes many tmes larger than the systemuc flow, the smaller shunts
Have a pulmonary systémic flow ratio of 2 1 whereas the larger ones
may havearatioof 4 1or 51
6 Occaswonally the catheter may pass directly from the nght atnum
to the left atrium (Fig 178) serving as presumptive evidence of an atnal
septat defect Usually this maneuver 1s casier to execute if the catheter
15 mtroduced through the mfenor rather than the supenor vena eava
1t should also be reiterated that passage of the catheter through the atnal
septum does not by tself indicate the prescnce of an atrial septal de
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fect—it_may simply demonstrate_an_anatomically, but not_funchonally

patent foramen ovale
“V@ m our ex 1S not 2P larly useful
tool 1 demonstrating the presence of an tral defect thc dilution of the
dye by the tremendous left to right shunt daes not permit accurate visual
1zation of the atna

Selective angiography, with the catheter m the nght atnum also
does not allow a nght to left mnjection of the opaque medium However
one of the modif of the selective techmque duced by the
Swedish angiographic team!®! may furmish good visualization of an atnal
septal defect In one method the contrast medium 1s mjected directly mnto
the pulmonary artery with mtial visuahzation of the left atnum and
secondary opacification of the nght atrium through the atnal septal de
fect In a second method the catheter 15 passed from the nght to the left
atrium with mjection of the medium directly into the left atnum Finally
this same group of investigators using catheters equipped with special
mflatable balloons have measured the exact size of the atnal defect by
passing the catheter through it and injecting a measured amount of con
trast matenial mto the balloon attached to the tip of the catheter After
the balloon has been filled to a certamn size an attempt 1s made to with
draw 1t through the defect The size of the defect 15 assumed to be 1denti

cal with the size of the balloon that 1s just too large to be withdrawn
through the atnal defect.

Course AND Procnosis

The course of uncomplicated atnal septal defect depends on the
size and the location of the opeming Apparently small defects are tol
erated without any difficulty for many years as a matter of fact they are
compatible with Erx_rrzxa_lkf_e_me_g_t-«_rlc) Larger defects with brg left
to nght shunts mdy cause trouble in two waysT (T} The large dastohc
overloading may lead to e failure 1n early adulthood (2) The
persistently large pulmondty blod flow may lead to pu].mor}g yas
cular obstruction 1n the late twemles or thirttes Once this appears it 1s
usually rapidly_: d by severe exertional
dyspnea dlmmutmn of the 1eft !o nght shunt and the appearance of
cyanosls

"As arule atnal defects are relatnely well tolerated duning nfancy
and childhood Lesions of the ostum secundum _almost_never. cause
trouble n children ostum primum defects are more likely to be assoct
ated with early congestive feuluxunpulmomrx vasr:ul:xr ar obstruction

The average hfe expectancy of patients with atnal septal defects 1s
forty years ** but some hive as long as seventy years —

Among the complications of atnal defect theumatic heart disense
should be mentioned first In our semes 1t was proseat In siieen of
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eighty cases seen at postmortem eamnation Functionally significant
mutral stenosis was present m seven (Lutembachers svndrome) Sub
acuté bactenal endocarditis 15 unusudlly 1re  postmortem exunmation
reveiled cvidence of this disease 1 only two of the eighty cases Atrial
fibnilation does not occur m children with atrial septal defect \vhereasj
Wood*®? found 1t m 10 to 20 per cent of s adult p tients

DrFFERENTIAL DA NOSIS

The following entities should be primanly considered mn the differ
ential diagnosss of ninal septal defect

Rheumatic Heart Disease  Acquired mitral salve involvement and
atrial septal defect may have several features m common In both con
ditions females are affected more frequently than males the murmur 15
usually discovered late svstohe and diastolte murmurs are commonly
heard at the apical or lower left sternal border and the P R imterval 1s
prolonged A further complicating factor 1s the relatively frequent sunul
taneous occurrence. of the two lesions The presence of a basal systolic
murmur  electrocardiographic evidence of ncomplete nght bundle
branch block expansile pulsations of the hilar vessels on fluoroscopy and
absence of 1solated left atrial enlargement all pomnt however toward an
atrial septal defect Often only cardiac cathetenzation can dutinguish
clearly between the two conditions

Ventricular Septal Defect A small ventnicular septal defect with
a harsh s\stolic murmur accompanied by a thnll at the lower left sternal
border together with electrocardiograpme evidence of left ventricular
dopmnance or hypertrophy and radiologic evidence of combined 1entric
ular enlargement and a promiment left atrium can ewsily be distinguished
from an atrial septal defect On the other hand differentiation may be a
great deal harder when there 15 a large ventncular septal defect with
pulmonary artenal hypertension (the so called Eisenmenger syndrome)
m which the systolic murmur 15 not so mtense and the nght ventncle
dommates the picture i the electrocardiogram as well as i the roent
genogram In this situation the evidence of pulmonary artenal hyperten
sion expressed in terms of a booming pulmonary closure transient cyan
osis and marked nght ventmenlar hypertrophy as shown on the electro
cardiogram favors the diagnosis of a lrge yventricular septal defect

Patent Ductus Artenosus The typical patent ductus arteriosus
with 1ts continuous machinery murmur 1 which the electrocurdiogram
shows left ventricular dommance or hypertrophy and roentgenograms
reveal left ventnicular and left atral enlargement with a vigorously pul

ating large aorta and pulmonary artery 15 hard to confuse with an atnal

septal defect Conversely an atypical” patent ductus arteriosus without
a machimery murmur and with pulmonary hypertension may present a
difficult differential problem which may be solved only by

cardiac cathetenzation
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Transposition of the Pulmonary Vems Complete transposihion of
the pulmonary veins commonly presents 2 picture readily distingwishable
from atrial septal defect These patients are prone to show congestive
failure durmng mfancy and mild cyanos:s 15 the rule If as 1s commonly
the case the vems enter the superior vena cava the radiologic picture 15
pathognomomic as well

Partial transposition of the pulmonary veins on the other hand may
be indistinguishable from an atnal septal defect even with the use of
techmques such as cardiac cathetenzation and dye dilution curves

TREATMENT

One purpose of medical treatment of atnal septal defect 15 to brng
congestive fulure under control The indication for anticongestive treat
ment 1s simply the presence of cardiac failure Vigorous treatment along
the hines previously indicated often may result i marked and sustamed
1mprovement for several years

In addition 1t 1s important to try to prevent rheumatic fever m this
group of patients In view of the susceptibility of these patients to rheu
matic infechons their respuatory diseases should be treated promptly
and ly with antik Many cardiol believe that continu
ous chemoprophylanis should be recommended similar to the regimen
for patients with known rheumatic heart disease

The surgical closure of atnal septal defect was first proposed by
Murray *° Other techmigues have been successfully worked out by
Bailley  Gross 155 Swan *! Broch 5¢ Bjork 3 and others In the Bailey
techmque and 1ts modifications the defect 1s closed by sutuning its lower
edge to the top of the nght atnum In the Gross procedure if the defect
15 small enough 1t 1s sutured directly or through an atnal well the larger
ones are closed with a plastic sheet The Swan operation 1s performed
under direct vision m a bloodless field under hypothermua In Brocks
techmque hypotherma 15 used only 1f the defect proves to the explonng
finger to be too large to be sutured by one of the simpler techmques In
the Bjork procedure the atnal defect 1s closed by a purse string suture
applied to the interatnial groove

No large series 1s yet available to establish clearly the superionty of
one method over another Rurklin?® summed up the situation by saymg
that 1n eapert hands any of these methods may be of benefit to some pa
tients Doubtless within the neat few years one or two of these methods
will prove to be supenor and will become the procedure of choice

Mortality figures as p d m the 1 are not bl
they vary derably d ding on the techmque used the di
of the patient and the and ph log; hed

The best operitive nsk today 15 a patient n his early tecns or twen
ties who has a Jarge forumen secundum defect with no complications 1n
thus group the mortality rate 1s approammately 10 per cent

——
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Figure I79 4 B C Iosteroas tenor and left and nght oblique views of patient with
ostim prmum type of dcfect before operation D Posteroantersor radiogram of the
same patient three months po toperatne £ Radiogram of same pattent six months
postoperatne
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Figure 180 A and C Preoperatne and B and D postoperative radiograms of two
patients with closure of atral septal defect ¢

b

On the other hand only a few patients %ith pulmonary vascular ob
1 y vascular ¢ more than one quarter of the
systemie resistance) survive surgery they usually die within twenty four
to forty exght hours after operation Similarly for patients with foramen
primum defects especially those who also have associated mutral valvular
disease the mortahty rate 1s approamately 50 per cent Even if these
patients survive the operation severe and persistent left sided and nght

sided failure with large left atna may develop (Fig 179)
On the basts of these considerations patients with an uncomplicated|
secundum defect nnd a large (at least 2 1) left to-nght shunt should bel
for We do not recommend surgery,]
for a patient who has an ntnal septal defect wath pulmonary vascular,
obstruction A child with a foramen pnmum type of defect should not
be operated on at the present time exther For the time being, patients
who have small shunts associated with defects of either the foramen
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Figure 181 P and h d 1 patient wath closure

of atnal septal defect

primum or secundum with or without pulmonary artertal hypertension
are not considered good candidates for surgery

The results of successful surgical closure of an atnal septal defect
are gratifying indeed The heart dimmnishes m size (Fig 180) exercise
tolerance increises and congestnve failure 1s no longer present Systolic
and d hie murmurs d h or even letely disappear (Fig 181}
At postoperatine cardiac catheterization the pulmonary flow equals or
1s only shghtly larger than the systemic flow However 1 some cases
fluoroscopy reveals a persistent hilar dance and the clectrocardiogram
may remun unaltered

With regard to preoperative and postoperative care of patients with
atrial septal defects a few specific pomnts should be mentioned The oral
admuustration of quimdine sulfate 1n doses of 100 to 200 mg two hours
before operation probably helps to prevent the occurrence of arrhyth
mas This dosage should be admimstcred every four hours for at least
one week postoperatively to avoid the development of atral flutter or
fibrillation During the peniod when oral admmustration 1s not possible
the intramuscular route should be used

The postoperitive course of these patients mav be stormy  Left sided
and nght sided congestive-failure should be watched for and the ap
pearance of rales tenderness of the Iner and dyspnea are indications
for vigorous ant e Tuding the d ton o
digitalis and mercury The development of congestinve fallure mn these
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patients may be due to the suddenly increased stroke volume offered to
the left ventncle Adwmmstration of digitalis may be stopped within one
or two months 1w most mstances

Another P e h to be ¢ 15 t
atual flutter and Shuollation 1€ prophy lactie admumstration of quinidine
& not forestall the onset of this arrhsthmia werease n the dosage of
quinidine probably will not umprove the sitwation It 1s our practice to
dipitahize these patients and keep therr ventricular rates below 100 beats
per minute within tso to four weehs they usnally revert to normal sius
thy thm

The unmary cutput of a patient with an atnal septal defect mav be
low for twenty four to forty esght hours after operation Mamtenance of
electrolyte balance gmded by frequent determmations of blood chem
sstry should consist m replcement of the daly water loss by admums
tration of a salutron of 5 per cent dextrose and water

The by often « d m the y
should be combted by approprate doses of norepinephrmne

e penod

Sunmnsans

Atrial septal defect should be considered 1 the diagnosis of all pa
tients with a left to nght shunt and meemplete night bupdle branch bloch
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Auscultatory ~electrocardiographic and radiologic data may distingwsh
between high ostum secundum and low ostwm primum defects with
mitral ivolvement Cardiac cathetenzation reveals a significant mcrease
1n Oxygen content n the right atnum normal nght ventricular pressure
and large pulmonary blood flow Patients with an uncomplicated ostium
secundum leston with a Jarge shunt should be considered candidates for
operation In carefully selected cases the mortality 1s 10 per cent or Jess

A Cluldren with ostum pnmum-defects and those with pulmonary yascular

¥ obstruction should not be operated on at present because of the high

mortahty rates Table 26 presents the sahent features in the differential
dragnosis of various interatnal communications

INTERVENTRICULAR COMMUNICATIONS
INCIDENCE

On the basis of chmeal observations yventneular septal defect was
alhways thought to be the most frequent type of congenital heart disease
This 1s not strictly true Ventricular septal defect was fifth m frequency
m Paul Wood's sertes®® and fourth 1n gurs If however complications
of ventricular septal defect with pulmonary stenosis as well (tetralogy of
Fallot and Esenmengers disease) are grouped together then 1t 1s m
deed the most common congenttal malformation not only n our series
but also m Wood 532 and Abbotts !

A~NATONTY

The defects of the ventricular septum sary m size from 05 to 30
c¢m m diameter

The development of the ventrieular septum has already been dis
cussed briefly Most of the defects are probably due to a developmental
anomaly of the bulbus cordis rather than of the septum mferrus This
theory finds good substantiation i the frequent association of these
lesions with another defect of the bulbus namely nfundibular pul
monary stenosts (see Tetralogy of Fallot)

A great deal of confusion and mnumerable clissifications often make
the nature of ventncnlar defects hard to understand One of the many
obstacles 1s the difficulty m determiming chincally the ste of the opening
m the ventricular septum and thus 1dentifying, the Jesion as high or Jow
membranous or muscular 1 type In fact as was pomted out by
Selzer 3¢ the majonity of the defects obsenved at postmortem extmination
are ligh and antenor 1 the membranous septum connccting the sub
aottic portion of the Jeft ventricle with the tricuspid portion of the nght
sentricle most of these defects mclude by _defimtion a certun degree
of overnding of the 1orta In a mmonty of cases postmortem examination
reveals the opening to be low 1n the muscular septum and m a stll
smaller number the ventricular septum 1s entirely absent {smgle ven



COMMUNICATIONS BETWEEN SYSTEMIC AND PRIMONARY CIRCUITS 305

trcle} Probably the anatomic location of the defect and ats relation to
the sorta are of relatnvely minor mportance The chmcal profile tnd
proguasts depend prneipally on the size of the deftct the nature of the
right sentricular outflow tract and the condition of the pulmonary vas
culature

Puystorocy

The tumeg dicection and size of a shunt through a ventneular septal
defect are determmed by well hoown physical laws the prinapal gos
emiag factars are the size of the defect and the pressure gradsent be
tween the two tentricles Because wnder ordwary crcumstances the
pressure w the left ventncle 1s hugher through the entire cwdiac cycle
than 1t 1s w the nght ventncle an opening m the ventneular septum re
sults m 2 shuntng of blond from left to nght prmaipally dunnyg systole
The beight of the systolic pressure m the two sentricles s Targely de

d e f g them Minor altera
tions m the resistances of the twe cireuits may result m a radical change
w the ventricular shunt Sumslarly o relatnely small change m the size of
the opening can increase or decrease the flow through the septal defect

fa addition to these two mam factors the degree of overniding, of the
aorta akso plays a part i d the dy (13 lar septal
defect It 15 debatable how great actually s the role of overnding It
seems clear that the greater the degree of overnding (everythmng else
bemg equal) the greater 1s the cyanosts At the same tune th factor 18
probably not as unportant av was thought w the past and a certawn
amount of overriding ts wmhierent w aoy wsable centricular defect high
wn the septum

One final and almost completely unanalyzed factor v determunming
the dynarmes of ventricular septal defect 15 the effect of the muscutar
contraction of the septum on the nize of the opening duning systole

The lestons to be discussed 1o this section are those with predomun
antly left to night shunts those assocrated with predomumzntly night to
left shunts will be discussed m the chapter on valvylar and vaseular
lesions (see p 378)

If the ventnicular scptal defect 5s small a considerable systohe
gradient with a relatively small shunt may exist between the two ven
trcles Conversely 1f the venincular defect 15 large no sigmficant gradi
ent between the two tentucles can et thus the npht veutneular
pressure will be equal or close to that of the left veatncle Depeading
on the status of the pul v 1 this rght » lar hyper
tension may be the result esther of 3 tremendous fow through the enticcu
far sepfum or of a marked merease w the resistance m the pulmonary cirr
ot This concept that mereased pressure may be the result of large flow

1 ar & combmatin ol the two us_clearly ev

m arly_cxpressed
Obmss Law—Pressure = Flaw X Resstance e
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Table 27 Classification of Ventricular Septal Defect

Small sentricular septal defect Right ventneular systolic pressure less than left ven
{Roger s discase) trecular systolic pressure Small Jeft to-tight shunt
Large venincolar septal defect Right ventneutar systolic pressure equal or close to left

CE s synd lar systolic pressure with large flow and
shightly 1ncreased pulmonary resistance or with nor
mal or decreased flow and marhkedly ncreased
pulmonary resistance

Large ventricular septal defect Rught ventncular systolic pressure shghtly lower than
with pulmonary stenosss left ventnicular systolic pressure Medium gradient
across night ventrieular outflow tract Mederate or

small left to right shunt
Large ventricular septal defect Rught ventrcular systolic pressurc equal or close to left

with aortc regurgitation ventricular systolic pressure Large left to right
shunt Wide pulse pressure
Single ventricle Common ventricular pressure chamber Left to right

and right to left shunts 1a all instances Right ven
tricular outflow resistance determuning chnucal di
rection of shunt

if the ventricular septal defect 1s 1 with nuld pul y
stenosts usually infundibular a moderate degree of left to nght shunt
may persist in the face of elevation of night ventnicular pressure and m
association with normal pulmonary artenal pressure

If the ventncular septal defect myvolves a deformuty of the aortic
valve as well a combination of ventnicular septal defect with aortic re
gurgitation results

Complete absence of the ventricular septum results functionally as
well as anatomically 1n a single ventncular chamber with a uniform
oxygen content 1 the nght ventnicle aorta and pulmonary artery and
1dentical pressures mn the nght ventricle and the aorta

A classificatton of interventricular communications based on the
principles outlined 15 presented i Table 27

Svany Vestaicuran Seetar Derecr (Rocers Disease)

Roger ° 1 1879 described two completely asymptomatic patients
with 1dentical cardiac findings 1n one of these postmortem exampation
revealed a small ventricular septal defect Since that time all asympto
matic small ventnicular septal defects have been called Rogers disease
Further important contributions to the defimtion of the syndrome have
been made by Taussig 32 Selzer® and Wood ¥

With the mtroduction of cardiac catheterization a new phy siplogre
defimtion of Rogers discase was sought to supplement the hustorical
one based on anatomy and symptomatology In our chme Rogers disease
1s defined as 3 ventncular defect with a small left to nght shunt and

t night v lar byp " Using Gorlin's onfice

without 518 e
formula #  Wood®® calculated the possible size of these dcfects to be

less than 03 cm 1a diameter
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“The madence of Rogers disease within the large group of ventrien
Iar septal defects 15 hard to determune with any accuracy since the
climeal cntena are unrehable and cardac cathetenzation s barely
justified 1 the completely asymptomatic patents Nesertheless it ss
interesting to note that both m Woodss senes and in ours 25 per cent of
the ventncular septal defects studied i detast were clasafied as Rogerss
disease

CLncAL PICTURE

The outstanding chinical feature 15 the discovery of a heart mugrour
usually within the frst wechs of Ife As a matter of fact with only few
exceptions the murmur mahes its appearance withun the first twe or
three weeks after birth Symptoms are more common than was hstherto
beheved at least m the group of patients we have had the opportumty
to study Mild esercise ntolerance fatyzue, dyspnea on_exertion and
repeated severe respuatory infections were noted m at Jeast two thuds
of our patients However symptoms usually do not begw until after the
second year of age

At phy sical examnation these children are ayerage m development
Cyanosis clubbing and redness of the Sngers and_toes are. umformly
absent, A muld degree of let chest prominence s common The eardiac
ampulse 15 moderately forceful and usually mmvobves both the region of
the uphoid process and The apex A systolic thntl at the lowerleft
sternal border (but nat at_the suprastemmal.woteh ) 1s almost-always
present The blood pressure 15 normal the jugular vengus pulse 15 not
unusyal nd there s ng evidence_of congestive farlure

On_awscultatign both the first and second heart sounds are within
norml limits A third heart_sound_ts Commonly foted 2t the apex A
harsh sUstohe mygmur {grade 3 to 61L.(Fig 108 p 106) 15 present m all
patients and 1s heard mastally at the lower left sternal border particu
lasly over the mphoid process. This murmur although lond and harsh,
usually does not have the grating character and does not transmut as
well to the nech and the back as the murmus of semulunar stenosis
Transmission to the lower nght sternal border may be good

Low_fregquency, rumblng_murmurs are heard at the apex dunng
mld dustole or presystole.m about two thirds of the patients (Fig 112
p 108y

Roentpenologe exanmnation rexerls the heart to be shghtly or mod
erately enlarged (Fig 182) The enlargement myvolves mamly the nght
ventnicle wath or without_simwhtneous TN chtienlaE, vod mr

myolement " The wain pulmenary artery 1 normal or only shghtly
enlarged and the pulmonany 3y I ho: hght

usually without.a.lular dance
The electrocardiogram 1 vathn noymal huuts 10 the vast majonty
of wstances The unipotar chest leads show left ventnicular dormmance
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and (B) left antenor oblique

Figure 182 m (4)
views of patient with small ventricular septal defect

with a shght mcrease 1 voltages over the left ventricle Sigmficant,
deprees of nght ventncular hypertrophy and P pulmonale are absent A

Jif degree of plete right bundle brnch block 15 relatively
rar¢ The P R mterval 15 usually normal

At cardiic_cathetenzation (Fig 183) the distinguishmg features
are as follows (1] The oxygen content of the blood n the right ventricle
15 at least one volume per cent higher than that of the nght atnum (2)
Right ventrrcular and pulmonary artenal pressures are normal (3) Pul
monary capillary pressure 1s normal or only minmmally elevated (4)
Artenal oxygen saturation 1s normal (5) The reststanee mn the pulmonary
circuit 1s usually Jow (less than 250 dynes per second per centimeter-3)
End the pulmonary flow 1s 15 to two times the systemic output (8)
Occasionally the catheter enters the left ventricle or the aorta through
the defect

Venous angiography 1s not a particularly useful diagnostic tool n
the study of small ventricular septal defects About the only character
1stic feature revealed by this ty pe of examnation 1s the poor opacification
of the nght ventnicle 1n contrast to the sharply outhned nght atnum
this of course 1s the result of the dilution of the dye within the nght
ventoele by Jeft ventricular blood Another nd even less reluble
angrographic indicition 1s that the pight ventricle and pulmonary artery
may be seen through several heart cycles while the 10rtr cwnot be
visuahzed clearly at all

Selective angrography with mjection of the dye mto the pulmonary
artery may reveal an tenentricular shunt by opaafying the nght
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Figure 183 D agram of cardiac cathetenzation ﬁnd.mgs 1 pat ent with small ven
tr cular septal defe

ventricle directly from the left heart Differentiation between nteratnal
and intenventneular left to nght shunt 15 not easy under these circum
stances

Coursk Anp Procrosts

Small ventricular septal defects are thought to be bemgn lesions
Rogers *! onginal desenption imples the mnoc of this !
Tausng?! stated that the condition 15 compatible with long and active
life Whether the optimistic view of these and other authors 1s fully
justified 1s hard to tell since therr 1s based on
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clmrcal diagnosts and rarely on postmortem findmgs No 1ccurate long,
term evaluation of these patients will be possible until some of the
children m whom this diagnosss was established ewly at cardiae cath
eterszation can be followed up through several decades

However from the viewpomt of the pediitricinn st can be stited
with confidence that at least during childhood these patients do e
tremely well Although many of them show mmunal symptoms  these
tend not to progress and may even improve We have noted s hwe
athers #8 that harsh systohe murmurs {grade 4 to 5 w tcasity) may
disap through hildhood We have 1 as others have that
this represented spontaneous closure of a ventncular septal defect As
with ail other observations of this <ort we bave no proof of the valhdity
of our assumption

One of the comphcations of ventricular septal defect 15 subacute
bactenal endocwdiis The nfective process may affect the margms of
the defect or the nght ventricular wall opposite the septal openg The
wadence of this disease s quoted by vanous wuthors ranges from 25 to
51 per cent At present however i my estmation wath the widespread
use of chemotherapy and ch prophyluis considerably less than 15
per cent of the children with ventncular scptal defect are Iheh to
contract bactenal endocarditis

Although rheumatic fever 1s not as common a complication of ven
triculr defeet s 1t 15 of atrinl defect the two conditions certunly may

coerst The sudden desel of. failure m 7 patient with
utherte asymptomatic ventncular septal defect ought to ruse the sus
picton of r} cwrditis R of this ¥’ sk

wereasingly smportint since evidence of congestive fulure may well be
considered n mdication for closure of the ventricular septil opemng
Certunly ones enthustasm for cardiac surgery would decrease consid
erably if 1t could be proved that the patients symptoms were not duc
to the presence of the defect but rather were caused by an associated
mBammatory lesion

DirrerenTIAL DLacnosis

The differential diagnosis of small ventnicular defects may be diffi
cult Several possibiitics must be considered

Left to-Raght Shunts  Derecrs oF THE_Foraviey Pavton - Atnal
septal defects of the foramen primum type e difficult~almost mpos
sible—to distinguish from small ventricular defects on chinical grounds
alone ¥Marhed wcomplete_nght. bundle_branch_block_with left aus
deviation usually presentwith ostium prunum may be the most relable
feature m the climcal differential diagnosis Cardiae cathcterzation may
be helpful but often the answer is equnocal At present <inece operation

15 not advisable 1 either condition an accurate distinction between the
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two defects 1s more of an intell 1 chall than a i

Derscts oF Tiwe Foraamy Secunount A foramen secundum defect
55 relatinely ensy to differentiate from a smll ventricular septal defect
The soft_blowmng systohe_murmur.at the second left mterspace the
absence of a thull the_sideh. split-sccond Found tHe exclusiely nght
sided cardiag enlargement and the considerable degice of mcomplete

ngﬁmle branch block all rather sharply separate foramen seeundum
defects Fromi tHC Small Roger type of ventricular septal defect Results of
cardiac cath are usually d

Larce Vestreouras Seprat Deercts  Large ventoeulir septal de
fects can be distmpuished from smaller ones by the seventy of the
symptoms the § 1y 1 b claspge the selatiely
softer systohe murmur the suspicion of cyanosis the marked cardiac
enlargement wmvolsing both ventncles and the pulmonary artery and
the nght ventnicular Rypertrophy shown ip the electrocardiogram The
two entittes can be dishnguished eastly at cavdhac catheterszation on
the basis of the nght ventriculur pressure level

Parent Ductus Artemosus  If accompamed by the charactensstic
machmery murmur patent ductus artenosus cannet be confused with
a small ventncalw defect The so called atypreal patent ductus artenosus
resembles a large ventniculwr septal defect hence it too should present
Gittle difficulty m the diff i d of this lesion

Infundibular Pulmonary Stenosss  Infundibular pulmenary stenosis
not severe enough to gne nse to nght sentricular hy pertension of more
than 60 mm of mercurn wnd thus not producing a nght ventneular
hyp phy type of elect diogram 15 extremely difficult to differ
entwste from a small ventnculw septal defeet Here apmu~—at fewst at
present—the challenge seems to be intellectual rather than practical
since nesther & requires of -nd the p for both
defects 1s probably equally good The two conditions have m common
a rough 5)stobe murmur and a thrll at the lower lelt stermal border
but the mumur of pulmonary_stenons 35 somevhat rongher s more
damond shaped and transouts better to_the negch_and back than the
characterssic murmmar of 1 ventncular defect Also s pulmonary
stenosis Jow frequency dirstohie are absent, and the pul y
second.soupd s usually.dimmished Howeser the chmeal differentzal
dragnosis 1s often unsatisfactery and sf wn acourate dhagnosss 15 desired
cwdiae cathetenzation must be resorted to

Infundibulir pulmonry stenosis with nght ventncular pressure
tht systemme rnge usually  though not mrarmbh s assocrated with
tetialogy of Fallot and thus 35 Sharply seprted From. the. acsanotic
small ventnctlar defece Howeser there 1s 1 small group of patients
who Hate wfundibilar stenosis significant night ventricular hy pertension
and a ventncular septal defect who do wot exubat cyanoss at yest *




312 CONGENITAL HEART DISEASE

(acyanotic tetralogy of Fallot) This syndrome still can be distnguished
from Rogers discase on the basis of cyanosts on exercise and the nght
ventricular hypertrophy shown in the electrocardiogram m almost every
mstance of tetralogy of Fallot

Rheumatic Mitral Regurgitation  The sy stolic murmur of rheumatie
nutral regurgitaton may resemble rather closely that of a small ven
tncular defect and both may exhibit apical diastobe murmurs The
electrocardiographic and the x ray ns may be I
normal 1n both conditions

A history of rheumatic fever the relatively late discovery of the
murmur and its localization to the apex and transmission toward the
postertor axilla and the left lung base usually but not mvanably suggest
the diagnosis of mitral regurgitation even without cardiac catheteriza
tion

Mid Congemtal Aoitic Stenosis  Aorbic stenosis without sigmfi
cant left ventrrcular hypertrophy may resemble a small ventricular defect
In both conditions there may be a rough systoke murmur with & thall
discovered mn early infancy 7 normal sized heart without symptoms and
1 normal electrocardiogram

The stenotic character of the murmur herd maximally at the aortic
area usually makes the differential dingnosis possible even without
cardiac cathetenization ol

Subendocardial Sclerosis It may be hard to distinguish subendo
cardzal sclerosis with mitral or aortic valvular mvolvement or both from
a ventricular septal defect as pointed out previously the murmur of
both mitral and aortic valvular lestons may closely resemble the one
assocrated with a ventncular defect However in subendocardial scle
resis the heart 1s diffusely enlarged the pulmonary vasculature is
relatnvely normal and the electrocardiogram may show significant left
ventricular hypertrophy Right heart eatheterization may reveal no ab
normalities or may demonstrate an elevation of right atrtal mean night
ventnicular end diastohe pulmonary artenal mean and  pulmonary
capillary” mean pressures Some of these patients hive complete atrio
ventricular block they may easily be the group responsible for the legend
that complete heart block 1s common 1n patients with a smail ventricular
septal defect

Murmurs at the Lower Left Sternal Border Whether or not harsh
murmurs at the lower left sternal border without any other abnormality
of the heart reyvealed climcally or at cathetenization are small ventneular
septal defects not giving nise to a detectable Ieft to rght shunt cannot
be decrded on the basis of evidence availible 1t present These murmurs
may well represent ventrscular defeets on the other hand they may
ongmate from an entirely normal heart I prefer to sy that patients with
this syndrome have no significant heart diseasc
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TAEATMENT

Neo specific medical or safe surgscal treatment 15 wvailable or neces
sary at preseat If a safe surgienl procedure can be nworked out and if 2t
can be proved by careful follow up studies that patients with Rogers
isease suffer long term i1 offects from thew condition operation should
be considered Smcee at present neither of these two conditions 1s ful
filled surgmieal correction 1s not adusable

1 recommend that these pattents lead a fully sctinve hfe melodmg
sparts wsth the exception of miterscholastie competition I prefer to see
them once &very two or three years at which time they are gien an

Tading v Ject 4 1 beheve
that they should recene chemotherapy for all febrile stinesses and chemo
prophylaas for even munor surgeeal or dental procedures

SUMMARY

The dugnoss of a small ventneulas septal defect should be con
sidered m patients with congenutal heart disease who have shght symp
toms and 10 whom a harsh systolic murmur with a2 thnll at the loner
feft sternal border 1s the onlv definstely “bnormal chnaeat cardsae finding
Cardae catheterization may provide a definute diagnosis if one 1 desired
Normal Sndimgs 2t right heart catheterization however do nof definttely
wehude the p of a small v far defect Pabents with this
condition should be ~llawed to lead 2 uwormal bfe and should nat be
considered for surgery unless there are further adyances mn thus fiedd

Lasce Ventnicusan Serran Desser (P EiseNmencers Disease)

Taussig® first focused attention ap lngh and lasge ventrieular septal
dulects in coptrast to the small and low ones first desershed by Roger
Selzer®t emphasized the fact thar the s1ze rather than the location of
the defect the p pal duffs bets the two condt
tions Other authors particularly Wood®® and hesth 2 have since de
senibed the chmeal and phy siwlogie Bndings m ths condition

The madence of these lesions 15 prabably exiggerated because
patients with large defects have more severe symptows and thus are
more hkely to seek medcal care than are patients with smaller defects
Amoang Wood s sixty cases twenty five prabably should be considered to
have large ventncular defects In our seres of sty fwo twenty seven
fell wto thas category Wood using caleulabons based on Cotlins
formula estumated that the size of the defeet m this group ranges be
tween 05 and 15 cm ¥ Selzer™ estimated that the defect in the ven

triculas septom s these cases must be at Jeast half the swe of the avrtie
onfice

Cursear Provons

In contrast to Hogers disense patients with a Targe ventneular
septal defect appear sich Usually though not wmanably these chaldren
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Figure 184 Roentgenograms (posteroantenior and both obliques) of patient with
large ventncular septal defect

have severe symptoms carly sometimes even preceding the discovery of
the murmur and the undcrhving heart discase All but one of our piticnts
had symptoms by the timc they were one year old wnd more than 20
per cent of them wcre sick at buth

The_sy mptoms_mnay_be_the same-as thosean Rogers-disc we but
they_tend to be more scvere Dyspnea avergise-mtolerance fatigue, md
~1ﬁ)c§l_c’l—'z_uncks of pncumnoma arc almost imvariably present m addition
episodes of congestive farlure and ¢y wosis occur_in_abaut_one. third of
the patients Hemoptysis, an almost pathognomonie sign of pulmoniry
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R 28 v2 Vi
Astd
Frgure 185 Vlecwocardi cram of patient with large ventnicular septal defect

arterrl hypertenvion, may occur m alder chldren 4 musmur 15 usually
discovered withi the fiest.se months.of Iife

At physical examnation these childrcn are poorlyeedeveloped onhy
sarcly does thesr development place them above the twenty fifth per
centle Ime nid most of the tume they £all bdow the tinrd percentile hne
of a standard developmental chart Gyanpsis or redness of the hagers
1s poted m as many as twa thirds of the patients Some chest deformaty
15 almost mvartably present A strong, esen usble siphaid impulse
often accompanied by w apeal thrust s usually obseped Pulmonarv
valve dosure 35 commonly palpable There w s pp_yatpable thali_n
sﬁf(fm"r‘m&nﬁ;mx this 1s tn marked contrast wath
cases of smalt sentricubr septal defects an which 1 thull s present
almost without phion The systemic blaod pressuse s normal When
congestine falure 1s present the Dver is enlarged the neck vems are
distended ond pulmonary rales are heard The firt_heast sonnd.is
usually accentuated and the scggﬂwwmm
area, “The #ret and second sounds are usually narrowly splt A thrd
Wad may b Present wt R AP T Systole_mutmur srilar o that
mentioned prevsously s presevt n all instances but it s usually less
mtense than m patients with small ventnculr defects Twenty two of
our twenty seven pattents nd diastoli munnurs The vast majonty of
these murmurs were of a rumBlHg charieter m. mid diastole or pre-
Ssstole o only five patients was there an earh msufBiceney blow at the
second left interspace

Roenteenclogie exammation reveals considerble crgdiae aoluge
ment, molving both ventricles and the left attiwn The mawm pulmonary
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Figurc 186  Dagrammatic presentation of findings at cardiac cathetenzation in patient
with large ventrnicular septal defect

artery segment 1s promment, and the pulmonary vasculature 15 engorged
The aorta 1s of average size (Fig 184) At fluoroscopy the pulsations
of the cardiac border are mtense the pulmonary artery pulsation 1s
usually stronger than that of the worta The pulmonary vasculature al
most invariably shows mtninsie pulsations

The electrocardiogram shows nght ventneular hypertrophy alone
or m bmation with left v lar hypertrophy 1 practically all
instances (Fig 185) Right bundle branch block may be present in 25
per cent of the cases Most patients have wide somewhat tall P waves 1n
all dard Imb leads bined atrial hypertrophy Al
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Figure 187 Passage of catheter fram nght ventnele to aorta through a ventnoular
septal defect

though complete heart block s rare Hsst or second degree atnoventnen
Tar block s present 1n about 10 per cent of the cases

At cardiae cath there are and severe deva
tions from normal (Fig 188) The principal abnormahfies are as follows
{1} The orygen content of the nght ventricle 15 wcreased at least one
volume per cent over that of the nght atnum {2) The systobc pressure
15 elerated n the nght ventncle and the pulmenary artery {3) There
is some mcrease w the pulmonary capdlany presswe {4} There may
be shght or definite artenal pmsaturation (5) There s an increase m
the pulmonary vasculer ressstance wath 2 left to nght shunt at least
equal to the systenue flow {8} The catheter may enter the left ventricle
or the aorta from the nght ssde of the heart {Fig 187}

1f the pulmonary tesistance 15 higher than the systeme resstance
the shunt through the sentneular defect 15 entwely nght to Jeft and wo
sigmificant mcrease m oxygen at the rght sentricular level oceurs These
patients wilf be discussed wath those hnmg pulmonary svascular ob
struction exen though m certam respects they belong wn this group of
yentneular septal defects

1€ the pul thau b fewntly tugher than the
top norm3! of 250 dynes per second per centimcters s lower than or
equal to the systeme resistance left to nght or bidirectional shunting
oecirs through a large high ventrcular septal defect The left to nght
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shunt may vary from 135 to 10 Iters per square meter per mnute The
nght to left shunt if present amounts to between 1 and 4 hters per
square meter per mmute when the patient 1s at rest All n all the
watomic differences between the heart of 2 patient with pulmonary
vascular obstruction and 1 ventricular septal defect the heart of an
other with Ewsenmengers syndrome and that of a third with a hugh
ventricular septal defect masy be slight indeed The principal difference
15 1n the status of the pulmonary vasculature the role of overnding of
the aorta although real ss probably of secondary importance Emsen
menger s syndrome 1s nothing but a large ventricular septal defect with
a sigmficant and progressive m pull y

Angl di phy may be hat more revealing m this group
of patients with nght to left shunts than i those with Rogers disease
Nevertheless so far nesther venous nor selective angiocardiography has
proved to be the most valuable tool m the study of these patients

Course AD ProGhosis

As pomted out previously patients who bave large ventricular septal
defects are likely to have severe symptoms and may even die from
infection or congestive fulure in early mfancy No accurate figures on
the mortility rate dunng the first year of Lfe are avallable It 1s mv
mpresston however that among all the patients with communications
between the systenuc and pulmonary circuits these are the ones most
ikely to termimate carly

If with the help of nature antibiotics and anticongestive measures
these babies survive the first yew or two a remarhable change m1y
occur They are likelv to start growmng nd gamng wn weight they
become less subject to pneumonit evidences of congestive failure dis
appear and their exercise tolerance improves It 15 imazing to sce 2
child with 1 veny large heart severe chest deformity a loud murmur
and an abnormal electrocardiogram perform practically normally for
many years Parallel these welcome changes there may be a httle
more ¢yvamosis the evidences of nght ventnicular hypertrophy m the
electrocardiogrim may progress and the pulmonary sasculature may
not seem 1s engorged 1s it had been earher

Eventually however these patients start gong downlull again se
vere exercise tolerance develops hemoptysis occurs and increasmg
cyanosts appers Death m congestive fallure ensues when they are m
thar carly twenties or tlurties probably with the dignosis of Lisen
mengers sy ndromc

Obviously some tunporary adaptition takes phce m early chid
hood In my opmion—substantinted by some physiologie and pathologie
data~the precanous period of early infney 15 due to the large Jclt to
night shunt through the ventricular defect As a consequence the sy stemic
output 15 low nght yventricular output ss tremendous and pulmonary
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artersal “pulmonry capiilary™ wnd left atnal pressures we high These
physwologie phenoment may well explun poor growth congestise fail
wte pulmontry cdesiy wd pulmonary mfcctions Duniag the penod of
adaptation—the plitene of late childhoad and esrly wdel :
cross sectaonl wea of the pubmonary vaseulature decreses by the de
velopment of medtid and hier mumad changes m the artenoles® This
elesates the pulmonary vascular resistance dumnishes the Ieft 1o nght
shunt and makes the decclopment of pulmonary edema less feanble
through the now thickened vessel walls

Aftes 1 number of years the changes m the pulmonary vasculatwre
progress agam the Bow of blood through the ventnentar defect 13 more
1 the rpht to left direcion and fnally death resul s from nght sided

7 faslure and mad oxygen uptahe

A second and probably less common 1daptne mechamsm 1s one 10
which the mncreased resistance to nght sentricular outflow occurs at the
wfundibular level rather than m the lung, feld Thus gaves rise ta the syn
drome of ventientar septal defeet with pulmonary stenosss (see p 322)
A dimmnution of the left to nght shunt with all s benefical cffects can
be achieved m thas fashion without the daner of progressive pulmonary
vascular disease nherent an the first type of compensation If the m
fundibular pulmonuy stenosss caused by the development of thickened
muscle bands becomes progressuely more severe this syudrome may
Iead to so called acyanotie and later even typeal tetralogy of Fallot

A thud but most mmlikely eause for improvement m a patient wath
2 large ventneular septal defect 1s the closure of the openng stself
Theoretically this 1s possible st 15 postulated m the hierature repeat
edly but we have never seen it proved

The compheation of ventricular septal defects by assocated bac
tenal endocarditis or rheumatic carditts has lready been discussed (see
Roger s disease)

Dirverenmiaz, Diacnosts

The problems of differental dragnosis 1 cases of large yentnenlar
defect concern primanh the other defects m which there s a Jeft to
right shunt

Foramen Prmum A defect of the foramen primum  especually of
Wwonvalnes 2 smoll poaton of the sertnealar septum as well may be
vustaben for a large ventnicular septal defect The most smportant dis
tinguishing featare 3 the absence of severe night ventncular hypertension
and tts chmieal consequences {loud pulmonary second sound and
markhed nght ventricular hypertrophy as shown on the clectrocardio
gram) n the foramen primum lesion The differences are almost always
reneafed by cardiac catheterszation

Foramen Secundum A lesion of the forimen secandum 15 wery
dufferent from a large ventnicular septal defect In addsbon to the dus
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tmctive features enumerated i the discussion of Rogers disease there
1s the 2dded distinction that an uncomphcated defect of the foramen
secundum almost never 1s iccompamed by significant pulmonary artersal
hypertension m children

Small Ventricular Septal Defect  See page 306

Patent Ductus Arteriosus  Atypical patent ductus arteriosus or
aortopulmonary fenestration cannot with certamty be distinguished by
chimcal means from a large ventricular septal defect The more evidence
of left ventricular hypertrophy there 1s in the roentgenogram and the
electrocardiogram  the wider the pulse pressure and the higher at the
left stemal border the murmur 1s located the more a patent ductus
arteriosus should be suspected The sumlanties are so stnking that I
believe for prachical purposes a patent ductus artenosus should be
considered seniously 1n the differential diagnosis of every severely sich
chuld with a ventncular septal defect Cardiac cathetenzation and cven
eaploration should be contemplated in every such case

Smgle Ventricle A single ventricle 1s only quantitatively different
from a Inrge ventricular septal defect the symptoms and signs are more
severe At catheterization the increase mn the oxvgen content of the nght
ventricle 1s larger and the prognosis 1s poorer

Truncus Arteniosus  Truncus artenosus with large pulmonary
arteries may be considered m the differential dingnosts Ordinanly the
characteristic shape on the roentgenogram the presence of a continuous
murmur and the usually more severe course mahe the distinction pos
stble on chnical grounds alone Occastonally the fact that the second
sound 15 completely single may also draw attention to this anomaly
A hy usually blishes the d

TREATMENT

Successful treatment of lrge ventricular septal defects 15 perhaps
the greatest challenge remamung in the ficld of congemtal heart disease

The pediatnicsan and the cardiologist can save these babies lives
by using ch herapy cl phyl. nd stive
mtellgently and Liberally

Two surgical approaches to the problem have been proposed One
a pallative method designed by Muller and Dammann *¢ aums at the
crcation of some pulmonary stenosis by constricting the man pulmonary
artery from the outside thus dimmishing the left to nght shunt and

the pul Yy 1l Tlus 1s an attempt to duplicate

:)ne of the natural adaptive mechamisms mentioned carher (p 319) It
15 an mgemous method and may well be the procedure of choice until
closure of the defect becomes a safe and easy procedure The mam
objection to tlus palbatne approach 1s that it may casly result w a
degree of stenosis comparable to that secn 1 tctralogy of Fallot Also
the results of the procedure are not strikingly diffrent from some of the
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spontaneous mprayements scen through the years m petients with larpe
ventneular defects Fimally pesmancat closwre of the defeets seems se
close at hand thit one besitates to recommend a palhatne operation
for which the mortality rate 1s about 20 per cent None of these abjec
vons 1s really prohinmtne howerer wd I behive that of one en
counters a large ventniculas defect with considesable pulmanary ﬂo\\
m a chid who i fv sich the D Muller 1#
certamly ought to be consrdered

Direct closure of the ventnenlar defect has been attempted bv a
number of surgeons Murray 7 AMustwd ® ® Ladleher 1* and recently
Rharkhin®® have all successfully operated on pabents with ventneular
septal defects The prmaple underhyng all attempts so far 1s that of
creating a bloodless operative Held by asng a pump ovygenator Lalle
her?! and hus group used one of the parents 1n a dramatic cross arcula
tion expeniment Mustard and Aeth ® used a sumple pump and monhey
Jungs for oxygenators harkhn and his assotiates™ used a Gibben type
of pump oxygenater Nene of these methads has been perfected All of
them covld be considered however mn an emergency Cestanly some
method wilt be worhed ont within the next few jenrs for efffwent
closure of ventncular defects

Once this technscal obstacle 1s overcome however an almost equally
difficult problem—the wdiwcations for closuse of ventnieular defects—will
remaimn Jt must be clearly emphaszed that many of the difficulties of
patients with ventracular septal defeets are onh partly due to the defect
proper and the shunt dwith 1t A derable partion of the
tronble 1s probably due to the presence of pulmonary vascular obstroc
tion What effect clogure of the defect will have on 1 patient with
pulmonary vascular obstruction cannot be stated with certunty but if
the expenence ganed from patients wath patent ductus asterosus or
atnal septal defect and pulmonars sasculawr disease can be apphed to
patients with s entnicular defects they will st have difficulties Although
techmeally the solution to the problem of ventuenlar defects may be
close 2t band the selection of patients for aperstion may stlt be difficult
for a number of years

Surnary

Patients with large ventrcular septal defects are serioush 1} $ymp
toms of congestne fwlure underderelopment and severe respuratory
mfections usually begn m witanes The dtagnoss 1s based on the pres
ence of a rough systolic murmur at the lower left sternal border accom
pamed by clamcal e} i wphie and roent lome evidences of
pulmanary artertal hypertenuan 1§ a chidd sursives the ist two or three
years he usually gets better and may lead a relatnely normal Wfe for
one to two decades Cardiac cathetenzahon 15 mdicated to provide an
understanding of the physwalogic mechamsm and to differentiate these
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patients from those with atypical patent ductus arteriosus As soon as
adequate surgery 1s available and the mdications for surgery have been
worked out operation should be considered

VENTRICULAR SEPTAL DeFrer wit Mitp PurstoNam STENOsIS

Ventricular septal defect with pulmonary stenosts depending on
the relation between systr and y ludes a
number of clmcal entities ranging all the way from the eaclusnely
left to night shunt group™® ** 9% to the tefralogy of Fallat The condition
to be discussed here 15 ane i which the shunt through the ventricular
defect 1s eaclusively or predomumantly left to right because of the relatne
muldness of the pulmonary stenosis the other entiies will be discussed
1n the section on Pulmonary Stenosis

Incipence

Ventricular septal defect with pulmonary stenosts 15 1 relatively
common defcet  there were thirteen such nstances m our sixty two
cases of ventricular defect Wood?3% found cleven in lus series of sity
patrents -

ANATOMY

The majonty of these defects are hugh in the ventricular septum
Thewr size vanes grently but probably most of thum are farge (05 to
15 em )

PmsioLocy

The degree of pulmonary stenosis may be relatively shght It 1s
not always clearly demonstrable anatomically but 1t 15 always present 1n
a physiologic sense a significant pressure gradient (more than 15 mm
of mercary ) between the nght ventncle and pulmonary artery 1s always
found at cardiac catheterization In spite of the increase m resistance
at the right ventricular outflow tract the total systemic resistance 15 still
Iugher than the total pulmonary resistance thus the left to nght shunt
through the ventricular septal defect

Crpvicar PicTure

Perhaps the climcal preture resembles that of Rogers-discase more
than that of a Jarge ventricular septal defect A murmur was the only
complamt 10 a third of our patients the others had various degrees of
dyspnet and fatigue and bad frequent respiritory infections Cyanoss
s a n.lnmcly common presenting symptom n this group but not as
common as in chuldren with large ventricular septal defects

The murmur 15 usually discovered carly 1 all our cases st was
present before the child was one year old and often it was noted
at buth The age at which other symptoms begin vanies from burth to

cght ycars
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At physical examnation many of these children are well developed
and proportionately nourshed More than half of the patients m our
group ranhed at ar above the twenty §fth percentile hine on our standard
deveopment charts Franh eyanoss s gave Lc_f?chcst defornuty s the
rule with fow exceptiens The casdiac impulse 18 muumal at the uphoid
process with an oeeasional ft ventncular tpe of nnpulse as well A
pronounced thrifl 15 alwavs present at the Jeft sternal border m most
cases this 15 maxmal at the Jower left stumal border but m some
wnstances 1t appears fo be sironger at the upper left sternal border Rales
and hepatomegaly are noted 1n the few patients whe have conestne
falure Blood pressure 15 usually normal

At zuscultation the heart sounds are vsually not remwkable al
though the second sound at the pul y area is 3 hed
m ntensity and sphiting A harsh stenotic systohc murmur 1s noted at
the midsternal or lower left sternal border w every wstance Although
n many cases it 1s inpossible to distin ush this “stenotic” murmur from
the murmur of & ventncular defeet without pulmonary stenosis differ
entiation may be attempted on the basts of tntuna enumcrated pre
viously (p 3il} Occasmomily one has the distnct impression that a
seatacular septal defect type of systohe murmur heard over the aphad
process ¢an be differentiated from a stenotte murmur noted at the
mud left stemal border such a fine differentiation between two svstolie

of sumlar ch smuftweonsts may be 1
pressnve to an dience of medical students but s of httle prachcal
value and 1s full of putfalls Low frequeney earlv or mud diastohic mur
murs are present at the lower Joft sternal border and the apex m about
half of the cases early blowing diastolie murmurs are rare and always
waheate pulmonary artenal hypertension even n the face of pulmonary
stenosis

Boentgenologic cxamnation reveals cardiac enlargement imolung
both ventueles (Fig 183) The mamn pulmonarny artery is usually normal
or dimuushed 1n size and “pul y vascular wathout
hular dance 15 present In at least 25 per cent of our cases there was 1
night aortic arch Oceassonally the left atum seems prominent m the
nght antenor obligue view

The electrocardiogram showed nght ventncufar bhypertrophy or

bmed ve Jor by perirophy m don of sur Unrlecn cases Left wen
tricular domsnance was present in three of the thirteen In two of these
the night ventneular pressures were less tha 50 mn of mercuny an the
thud the nght ventricular pressure was 100 mm  but the ventneular
defect opencd beyoud the point of manmal stenosis Incomplete nght
bundle branch block 55 commosly observed There 15 usually no sig
mficant P pulmonale

Cardrae cathetenzation {Fig 159) reveals the followmg data (1) A
left to nght shunt 1s present at the ventrscular fevel {2) There 1 a pres
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I gure 168 A Posteroantenior (B) left anter or oblique and (C) r ght antenor
oblique radiogiams of a pat ent  th ventr culas septl defect and pulmonasy tenos s
+ th aleft to-r ght shunt

sure gracient betwecn the nght ventnele and the pulmonary artery (3)
Tle “pulmonarv capillary” and brachial arterial pressures are normal
(4) There 15 normal or borderhne low artenal ovygen saturation (5) The
pulmonary flow 1s appreciably larger than the systemic flow and pulmon
ary resist ince (valvolar and vascular) 1s always a fraction of the systemie
resistance (one sith to one twenty fifth)

The nght ventrscular pressure ranges from less than 50 mm of
mercury up to systeme Ievels A grad ent of 50 mm of mercury or more
wplying anatomsc stenogis was present 1 only three of our thirteen pa
ticnts 1 the others the gradient vaned from 15 to 10 mm The stenosts
always scems to be mfundibular occasionally the ventncular defect opens
n the mfundibular chamber beyond the pomt of maximal stenosis In
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Figure 169 Sch of caxdue cath

with veatrielar defect angd palmonary stenosis

findings m patient

our cases the size of the left to nght shunt vaned from 2 to 155 hters
per minute per square meter An additional nght to left shunt was demon

strated at the tme of catheterization 1 only one patiest However or
cumstances which bring about g shuft s the relutionshup of systene to
pulmonary ressstance (such as arang or (xerase} may cause right fo lefé
shunts m this jrotp of patienfs A ratwo of systemie w pulmonary resis

tance a5 lugh as L 2 was noted m the one patint whe had smultancous
left to nght and night to left shunts

Selective angrocardiographs with mjection wto the nght sestnole
may be helpful 1o the dagaoss of these conditions by demonstratng the
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nature of the stenosis and perhaps revcaling the sitc of the night to left
shunt However more information can usually be obtuned by cardiac
citheterization

COURsE AND PrROGNOSIS

The course of a patient with ventrcular septal defect and pulmanary
stenosis 1s a fascimating one Most of these patients have httle trouble
during mfancy and early childhood mn thus respect they resemble patients
who have Rogers diserse A few of them however are severely 1ll and
have signs and symptoms identical to those seen m children with large
ventricular defects

7 Astune goeson usually by the time they are four to six years of age
evidences of left to rsght shunt dimimsh pulmonary vascular engorge
ment becomes less definte and the apical diastolic rumble disappears

dentaily pul y stenosis t to the pomt at
which the picture becomes similar to that of tetralogy of Falfot At other
trmes a salutary balance 1s cstablished betwcen the left to nght shunt
and the pulmonury stenosis resuling w complete freedom from symp
toms and normal pulmonary vasculature

The s of plicating sul bacterial endocarditis and
rheumatie fever 1s about the same as 1n strarghtforward ventricular scptal
defect

DiFFERENTIAL D1AGNOSIS

The differenhal diagnosis of ventricular septal defect with pulmon
any stenosis 1s essentially the differential diagnosis of 1ts component parts
(see appropnate paragraphs in the sections on small and large ventricular
septal dcfects and pulmonary stenosis) However special emphisis
should be placed on the following entibres

Small Ventricular Septal Defect Sometimes it 15 mpossible to
differentiate a small ventnieular septal defect from a ventrcular defect
with pulmonary stenosis without resorting to cardiac cathetenzation The
distimguishing points have already been discussed (see p 311)

Large Ventricular Septal Defect Large ventncular defects should
not present any real problem in the differential dragnosis because of the
evidences of pulmonarv artersal hypertension commenly inherent 1n this
lesion

Infundhbular Pul y St Infundibul 1 y stena-
sis with defimte dimmution of the pulmonary vasculature and absence
of an apical diastolic rumble ss usually not hard to distingwish from the
combmation of ventricular defect and pulmonarny stenosis

Palcnt Ductus Artertosus  Seldom 1s ventnicular septal defect with
pulmonary stenosis confused with ty prcal patent ductus artenosus How
ever an atvpical patent ductus arteniosus may somctimes be thought of
. patients m whom the ventricular defect and the left to nght shunt
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oceur beyond the powt of 1 stenosas 1t the wfundibular lesel The
reson for this s that m these stances the nght ventriele 15 eveluded
from the flow work mherent 1 the ventnculw dufect nd the left
ventnele ewrnes the entire shunt work Jond much 1s ot does w patent
ductus artenosus thercfore Ift vestricular domunance or evon left ven
trscular by pertrophy may be mansfist m the electrecardingram m spute
of mod but defimte pul y stnosts

TrEATMENT

In certamn fortunate iwmstances treatment may pot be npecessan at
all the two lesions may act on each other 1 a compensatery §shion

Howevey of (he left to nght shunt through the ventncular defect 1s
Iarge as fested by i cardiac enlarg and pul v
vascular engorgement complete sepair of the situation should be con
templated when a suntable operation 1s perfected

1€ the effccts of pul y stenosis hadaw the lax de
feet {marked excreise mntaol €yanosis s } a shunt op
may giv e temporary rehef This will be discussed w the section on Tetral
ogy of Fallot Direct relief of the pulmonan stenosts without simul
tanequs closure of the ventricular defect should not be undestahen Jest
st cause a significant werease m the left to night shunt

Medical management of these patients sncludes allowing them fult
sange of activities wsing chemotherapy and chemopropby laas as md
cated and treating mandestations of congestive faidure of they occur

Suntuanry

Ventrieular septal defect with pulmonarny stenoss should be sus
pected from the chmeal features characterstic of both lesons—a stenoac
systohie murmur accompanied by an apical diastolic rumble pulmosnary
vascular engorgement and nght sentneular hypertrophy as revealed by
the electrocardiogram Carduwe qatheterization estabhishes the dugnosss
Indicatrons for :cpau of the v entricular septal defect and for shunt opera

tion are d Isewhere Rehef of p Ty stenosis alone without
vepawr of the fax defect 18

Vestricuian Seprar Derect wirs Aontic Recuncirarion

Ventncular septa) defect with aortic reguegitation represents a dis
tinct chmeal syndrome which gains sigmificance by s close e sesemblance
to 2 large patent ductus atenosus
Iemence

This anamaly was probably first mentioned by Laubry and Pezn w
1921 © \More recently VW ood and his assocates™ review ed the Lterature
brefly and discussed the two cases which they encountered within the
graup of sixty ventricubar septal defects studed At The Childrens Med
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1cal Center m Boston we also have had two patients with this condition
amoeng, our sty two patients with ventncular defects In additton within
the past five years at Jeast five more such patients have been operated
on at our hospital with the presumptive dingnosis of patent ductus ar
terrosus

ANATOMY

Anatomically the lesion consists 1 a large defect 1 the membranous
ventricular septum, associated with distortion and incompetence of one
or more of the aortic cusps

PusioLoey

The load 1s crrnied almost entuely by the left ventncle and the left
wnum The left ventnicular strohe yolume must provide for the needs
of the peripheral circuliion the regurgitant volume 1nto the left ven
trcle through the aortic vahe and the left to right shunt In additton
to the mcreased left ventricular volume work mherent mn the lesion
creased pressure work 1s also often requured by the elevation of the
systerme systohe pressure The ventricular septal defcet mav result m
elevation of the nght ventnicular pressure work, as well

CrrvicaL PICTURE

Chnrcally  this lesion r bles a Iarge patent ductus 1rteriosus A
murmur s usually discovercd in the neonatal punod  Symptoms of
dyspnea fatigue and frequent severe resy y f fest
themselves early, On physical exanunation these patients are usually
stunted and frall considerable left chest deformity is present and the
cardrac impulse 15 maamal at the apex and rocking A thnll 1s palpable
along, the entie Jeft sternal border Evidences of nght sided and left
sided fallure are common The pulse pressure 15 wide with diastohe
readings close to zero

At auscultabion one s impressed with the Joud (grade 5 to 6)
systohe nd dinstohe murmurs audible along the entire precordium By
careful analysis and phonocardiography the murmurs can usually be
separited mto a grade § systolic component mauimal at the xphod
process and a grade 4 to 5 svstolie ditstohe wsually to and fro but
sometimes continuous murmur at the mid and upper left sternal border
These murmurs s capected from ther mavumal ntensity transmit well
throughout the precordium nech and back In additton apical Jow
frequency md dinstohe and presystohe murmuss also can be heard The
first heart sound 1s moderately accentuated and the pulmonary second
sound 15 Toud if 3t can be distingwshed at all from the extremely Joud
systolic diastolie murmur (Fig 190)

On racntgenolage exammation the cardiac enlargement 15 maximal
and mnvohes both the Jcft and the nght ventncles though the former
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Figure 150 Phonocardiogram of patient with senfnitular septal defect and zostie
regurgitation.

Figure 19} Posteroantenor and obb we viewy of pabent wWith ventrieulas septal

defect and portse regurgitation

usually predomunates (Fig 191} Left atnal eolerpement is the wale The
main pulmonary artery and the aarta are both promnent and the pul
monary asculature 15 engorged and shows expansile pulsations

The electrocardiogram reveals marked left ventnieular hypertrophy
with stram and Iittle Jf amy evidence of nght ventnicular hypertrophy
(Fy, 192)

Casdrae cathetenzation (Fig 193} reveals the following data (1)
A large left to-nght shunt 1s present prinewpally at the ventncular level
with an occasional shght mcrease 1 ovygen content at the pulmonary
artertal lerel as well (2) There 15 moderate night ventncular and pul
wonary arterial hypertension (3) Thare 1s shght or moderate elevaton
of the “pulmonary capillany™ pressure wath waide sy stemie blood pressure
and rapid brachial arters upstrohe ttme {4) Artenal orygen saturation
s normal (3} The pulmanary Sow 1s commonly three to four tumes the
systerc flow pulmonary ressstance may be shghtly elesated, and sys
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F gure 192  Electrocardiogram of pat ent with ventr cular septal defect and aorbe
regurg tation Note the marked Jeft ventricular hypertrophy

temic resistance 1s normal (6) The catheter may pass from the night
ventricle to the left ventricle and the aorta (Fig 184)
Angiocardiograms have not been performed on either of onr pa
tents but retrograde aortograms were done 1 both Significantly these
did not show opacification of 2 ductus arteriosus however n one of our
two patients the aneurysmal dilatation of the regurgitant aortic cusps
was demonstrated 1 the aortogram (Fig 195)
Course AND PROGNOSIS
These patients usually have mcreasing disabity with development
of congestive failure and death occurs before the_end of the second
decade One of our pabents had bactenal endocarditis from which he
recovered uneventfully

D:;r,mn\mx. Diacnosts

Large patent ductus artenosus 15 about the only important differ
ental d tic problem to be dered The similanties are strilang
both are essentially Jarge left to nght shunts with systolic and early
duastohie murmurs wide pulse pressure and left ventricular hy pertrophy
The murmur 1 the ventrcular defect with aortic regurgitation 15 maxi
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Figure 193 Diagrammatic presentation of Sndings at cardiue catheterization 1 patieat
with ventricular defect and aortic regurgitation

mal at the lower left sternal border and 1s bkely to be to-and fro w
character {Fig 132) whereas the murmur of patent ductus arterosus 1s
usually heard best at the upper left sternal border and 1s continuous (Fig

113) The pulmonany vascular engorgement is usually not as pronounced
10 ventncular defect with aorhie regurgitahon as one would expect from a
patient with patent ductus artenosus of comparable size None of these
chneal Tunts 1s mfathble however Even cardiac cathetenization may not
provsde a defimte answer to the queshion smnce an 1ncrease w OXygen con

tent at the ventneular level may be seen with large patent ductus arteno-



CONGENITAL IEART DISEASE

Figure 194 Passage of catheter from nght ventncle to aorta through a ventrcular
septal defect.

~ee——

Figure 195 Retrograde aortogram 1n patient with ventneular defect and aortic
regurgitation Note the aneurysmal dilatation of the sinus of Valsalva
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sus and pulmonary regurgitation although the mam jnerease m patent
ductus artenosus 3s at the pulmonagy. astenal Jesel Retrograde aortog
waphy may be the best methad short of explocitary thoracotomy for differ
entiating the tuo conditions The present practice at aur sastitution 15 to
cathatenze all these patients and f the answer 1s cqunocd te proacecd
wath thot wcotomy as the one means of outting a definte answer as ta
whethir or not a patent ductus arterosus eusts This policy abviously 15
not unnersally recommended Its appheabibity depends to o great extent
on the estimated safety of exploratory operations yversus the dangers of
retrograde aortography

TreaTuent

Mo surgreal treatment 1s avalable for these patients at present The
medical manigement should be conducted accordmg to the prnaples
outlined mn the section on large ventricular septal defects
Sunvsvany

Ventricular septal defect with aortic regusgitatron 1s sumilar to large
patent ductus artenosus The toand fro character of the murmur
coupled with its loeihization at the lower left sternal border should make
&he carchologist suspect this Jesion mstead of a large ductus Cardsac

or even th may be necessary te confirm the

diagnosis

Stvere VENTRICLE

From the physiologic viewpomt thc complete zbsence of a ven
trcular septum should oot be regarded as a basically diff
from a large ventncular septal defect Qften a(!et ® thorough st\xd)
using all the avadable elwueal and tak the
whether one 1s dealing with a single ventrele or a Targe \cnmcuhr defect
becomes ane of semanties alone

Because of the rather distinetine anatosue situation and the rela
tiely poor prognosis howerer it mas be worth winle to discuss thas

anamaly under a separate heading but within the group of defects of
the ventnrular septum

Incmence

This 15 a rare anomaly It was present w only ten of our 377 cases
of proved congemtal heart disease Abbott reported thirteen in her senes
of 1000 cases obsenved at postmortem esammation

Axatouy

The typieal case i distmgwshed by relatnvely nomal atnoven
tneufar valves 0pemng nto a single \entncular chamber separated from
thyg e by a dar ndge 15 2 mdmmentary ontflow
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Figure 196  Phonocardiogram of pat ent with s ngle ventncle Note the loud pre
systol ¢ and systol ¢ murmur at tt e fourth ngl t interspace
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chamber the remamder of the bulbus cordis givmng nise to one or both
great vessels In most of the cases reported the aorta arises anteriorly
from the small chamber and the pulmonary artery ongmnates postertorly
from the mam ventncle constituting some degree of transposition of the
great artertes Instances i which the pulmonary artery or both vessels
origmate from the rudimentary outflow tract have also been reported
chnrcally as well as pathologrcally

PrysioLocy

The effects of a single ventricle on the circulation depend to a large
extent on the relatne resistances to outflow n the pulmonary and
systemic circutts If the pulmonary outflow tract or the pulmonary vas
cular bed offers a lugh resistance to flow the prevailing shunt 1s from
nght to left and the patient 15 cyanotic Conversely 1if the pulmonary
outflow tract and the vascular bed are wide open with low resistance
the shunt 1s almost eaclusively 1n a left to nght direction and there 1s
no trace of cyanosis Obviously all gradations between these two ex
tremes exist

Cuinicar Picrune

The chnical picture 1s eatremely vanable depending on the anatomic
and p I Most fi ly the presenting complamts are
poor de\e]cpment dyspnea and fatigue with or without cyanosis Heart
discase 1s usually discovered at birth or shortly thereafter —

At physical examination most of these ch ldren are grossly under
developed In one of our patients however development was withm the
fiftieth percentile range  Although deep cyanosis 1s apparent n.some of
these patients several weeks of hospital observation may fal to reveal
any trace of cyanosis i others Left chest deformity 1s common Dex
trocardia may be present A thnll was was palpable m half of our patrcats m
two of them it was felt maxmally at the nght sternal border and
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Figure 197 Phonocardiogram of patient with single ventricle ot the fat systohc
and drastolie murmur at the fourth left wterspace

w others at the left stemal border and apex The blood pressure 15 usually
within normal hmuts Left wded and nght sided congestne falure 1
commaon The mtensity and sphitting of the heart sounds are varable
Loud systolie murmurs at the left and nght sternal borders often stenotic
m ch and ong Z p by from the gradient bety the
common ventricle and the outflow tract, are heard m almost every
mstance Only ope of our patients did not have a well defined systohe
murmur Loud md diastoltc and presystohie murmuts sometimes at most
unusual places {such as the Jower nght stemal border) are heard rela
tnely frequently (Figs 196 and 197)

The electrocardiogram may reveal a vanety of patterns and 1s char

ly bizarre Th ily the p of a smgle pattern
all the umpolar chest leads would be expected, and this 15 found 1 a
few patients In others left lar hy hy s d d

Fmally straghtforward nght sentricular hypertrophy may be encoun
tered (Fig 198)
R 1

g,

may show consider
able pul vascular {1n pabents in whom there s fres
communtcation of the pulmonary artery with the ventrzeular cavity} (Fig
109} or wcheme lung fields (in patients with pulmonary obstruction)
(Fig 200} Cardiac enl may be it ot marked The
pulmonary astensal segment 15 usually comex because of the supenm
posttion of the rudimentary chamber The heart often 1s in the nght
side of the chest

Carduae catheterzation {Fig 201} reveals the following data (1)
There 15 a large serease m the oxygen content of the ventncle (30 to
4 volumes per cent) over that of the nght atnum the vx gen content
15 the same m the ventncle systemuc astery and pulmonary artery
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F gure 188 Electrocardiograms of patieats wath angle sentncle 4 Mote the sug
gest on of left ventnicular hypestrophy n the standard and un polar hrb Jeads and the
s ngle pattern S in the four chest leads 8 Left ventneular Bypertrophy € Rght
ventisenlar hypertrophy

{2} The systohc pressure m 1he ventnele 38 sdenhical to that » the 93
tem e artery the pressure m the pul y artery s
because of assoiated pulmonary stenosis {3) The “pulmanary capiilary
pressure 15 normal or s ghtly increased and the brachial artenal tracing
15 normal {4) Defimte artenal unsaturation s pre<ent zaugmg fkom 91
lo 60 per cent {3) A dommantly left to nght or nght to-left shunt exists
ding on the respect: as i earher {6) The
catheter swings around the entire ventneular cawity without showmg
any change m pressure or oxygen coatent
Ang\ocardmgmphy m the left antenar obhique view 15 helpful m
and } fihng of the entwe

ventricle
Course AND PROGMOSIS

The cutlack for a patient with a single ventncle 1s as varable as
the chmcal and anatonse pictare The patiest with Iow pulmonary re
sistance may “bleed” into the lungs may not be able to wmamtan an
adequate systermic outpat, and may die within the Brst few days of hfe
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Figure 199 Yo trvantenor radiogram of patwnt wath single ventriclo and pulmonary

Figure 200 Posteroantenor radiogram of paient with single ventncle and pulinonary
1schemia
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data 1n patient with

Others with sumlar but less severe lesions may Inve for a few weeks or
months but Snally die without cyanous in congestine failure and pneu
moma Conversely pattents with single ventricle and maxunal pulmonary
stenosis may die early with severe cyanotic disease and evidences of
anoma The patients who fare best are those who have some degree
of pulmonary stenosis—enough to allow good systemic and pulmonary
flow these children may live for several years with practically no symp
toms At present we are followng up three such patients in our cline
two of them age seven and one age mne According to Ablott! the
average age of these cluldren at death 1s approximately seven years
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DuirrnestiaL Divenosis

The conditions to be thought of m the diffcrential diagnosis of single
ventncke encompiss thmost the entire range of congenital heart disease
since depending on the physiologie sctup both the left to nght and
night to Icft shunt groups must be considered

Cyanotic Group  Trmiarocy or Fawtor  Tetralogy of Fallot mag
be siilar to 1 single ventrele with nght veatnicular outflow obstruc
tion this 15 cistly understindable since the only essential difference
between the two conditions 1s the size of the ventnieular septal defect
Noverthudess ehmcal wWentificition of sigle ventncle 15 frequently pos
sible on the basis of the presunce of diastolic murmurs a convex pul
monary rteral segment and m atypical electrocardiogrim {frequently
showmng Ieft ventncalar hypertrophy )

Twmcusiip ATresia Tncuspid atresta may commenly be associated
with single ventricle 1t cwn be d hed elect: hographically b
the presence of clear cut and marked Jeft ventnieular hy pertrophy with
significant P pulmonile

Transrostvion oF THE Great Anrimes  In transposition of the
wreat arterics there 1s marked ey inosis with pulmonary vascular engorge
ment and 1 very large heart

Left to-Right Shunt Group  ViNTmicupan SeptaL Derrcr Ven
tncular septal defect with or wathout pulmonary stenosis differs prin
apalh from single ventnele in the matter of degree and accurate
duferenttation even with cardae cathetenization 1s frequently impos
sible As a rule the patnt wath a ventncular septal defect 15 not as sich
as the patient with single ventricle

Patent Ductus Arteriosus Aty preal patent ductus arteriosus may
be considered in the differcntial diagnosis of single ventncle with left
ventnieular hypertrophy as shown on the electrocardiogram  Cardiac
catheterization 1s the only accurite means of distnguishing between
these two conditions

TREATMENT

No method his yet been designed by which the absent ventricular
septum cn be replaced whether a prosthesis will be developed for this
purpose 1s questionable since its attachment mn the fice of complete
bsence of a septum might be ble The proced dvocated by
Muller and Dammann ¢ of creating pulmonary stenosis of a mld de
gree m pitients with 1 single ventricle ind 1 hrge pulmonary blood flow
may bave some use m a pallistne sense

A shunt procedurc~Potts or Blaloch s—for the relef of cyanosis 1s
indicated m cases of smgle scutrcle with scvere pulmon iry stenosis and
has been successfully performed m our hospital as well as 1n other st
tutions Although on the basis of present day physiologic prineiples there
1s no reason why the anastomotic procedure should not be perfectly
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sutted for symptomatic rehef m these cases the results are not wholly
satisfactory  the mortahty rate seems higher and the resulls wn the sur
wnoss although sometimes good on the whole re not as fasorable as
they are m tetralogy of Fallot Nevertheless sf a patient with a smgle
ventricle has pulmonary stenosis with severe cvanosis and hited exer
cise tol a shunt p i 15 and: d However the relatnely
unfavorable outlooh should be made clear to the parents before operation

Medical treatment m terms of anticongestne measures and control
of infechions should be utihized when mdicated

Suvivany

Single ventricle may present wtself chimeally ether as a somewhat
atypical tetralogy of Fallot or as a large ventnicular defect In the former
mstance radiologie electrocarchographic and awscultatory findings mv
establish the diagnosis In the latter case only cardiac cathetenzation
can furnish proof by demonstrating that the oxygen content and §) stohe
pressure are the same m the ventricle as they are m the systerme artery
The prognosss 35 poor Surgieal rehef by means of a shunt procedure s
mailable for patients m the cyanotic group

COMMUNICATIONS BETWEEN GREAT ARTERIES

A communication between the great artemes m extrautenne hfe
may be erther the result of persistence of a narmnl fetal structure (such
as patent ductus arteriosus) or the outcome of a profound develop
mental anomaly (such as aortopulmonary fenestrabion or tmncus arten
osus) These defects are totally diff mn terms of
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as well as m thar mflucnce on crrdiodynamics they are grouped to
gether for discussion only to preserve the inatomical frineworh of the
presentation

Patent Dictus Antrosts

Incioener

Statistically patent ductus arteriosus s @ very mmpartant leston In
Abbotts scries 1t ws the second most common dcformity m VWoods it
oceupied third phicc nd m our own scrcs it was the most common
lesion (W hve chissificd ventricular dcfect ind tetralogy of Fallot sep
arately )

ANATONIY

The ductus artcriosus much ke the foramen ovale s a structuse
neeessary for mumtcnance of fetal airculation at s through thus channel
that blood reaches the duscending vorta from the pulmonany artenal
svstem The ductus connccts the pulmoniry artery at ats brfurcation
with the aorta just bevond the ongin of the Ieft subclavian artery Em
bryologieally 1t opgmates from the dorsal past of_the sisth_branchal
arch Patten © computed the cross scction of the ductus at term to be
about half that of the aorta

Pmsiorocy

In the fetus because of the relative hypertenston m the pulmonary
arcuit the ductus carnes blood from the pulmonary aitery to the aorta
In the congemtal anomnly to be discussed here the ductus arterrosus not
only remams patent beyond the normal time himmits but 1s also consider
ably larger and thmner than the tapected normal at birth Whether the
large size of the ductus 1s secondary to the fact that 1t has not closed at
the normal ime or whether the size 1s the deciding factor mn ats patency
cannot be answered with certamnty at present How much of the right
sentnicular output actually as diverted through the ductus mto the de
scending aorta at various stages of fetal ife 1s 2 matter of Ively con
troversy It s hikely however that in the last wecks of fetal eastence
more and more blood goes through the lungs and enters the pulmonany
vascular system thus reducing matcnally the flow through the ductus
Barcrolt and lus assoctates demonstrated the flow of blood through the
ductus of a lamb for about five nunutes after delinvery after that “func
tional closure occurred ® Dawes also studying Iambs found that closure
started withm ten to fftcen mnutes after birth but he observed flow
through a reduced lumen wath increased veloaty and accompanted by
a thnll for several hours or days®

In man usimg angiocardiography Lind ** demonstrated anatomic
patency for several months and Hultgren'™ proved the presence of
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functional patency for several da)s after buth Christie® on the basis
of p ex patency 1n 12 per
cent of babres two months old and m 1 per cent of those ene year old

On the baas of these dat1 1t scems mereasmgly clear that the closure
of the ductus 15 not an instantancous affarr but rather something that
begns during the last weels of mtrantenne hie and 15 not completed
for several months after birth

What are the fxdors which influence normal closure of the duetus
artenosus? There 15 no one answer to this important question hennedy
demonstrated conclusmely that 1 gunea pigs at least mereased ony
genatwon of the fetal blood causes a muscular constniction of the ductus
Lind 1% stated that interference with respration i newborn mnfaots
causes a funchonally closed ductus to reopen Hultren and hus associates
found ewidence to suggest that breathmg low oxygen mutures may
reopen the ductus m balnes less than three duys old* 3 In addition 1t
seems logical to assume that pulmonary vascular changes and pulmonary
arterial pressurg have an important effect on closure of the duct al
though there are no conclusive studies provang this pot Fmally that
factors other than those present at buth may profoundly affect the fate
of the ductus artenosus 1s proved by the observation that if the mother
has German measles dunng the Brst timester a patcnt ductus artenosus
commonly occurs i the baby The famihal ccomrence of the anomaly
has also been descnbed w the hterature I have seen siblings and a
mother and daughter with patent ductus arterosus

The

e } dy changes at buth specifically the Jow
ermg of the pulmonary artenal resstance due to respwations and the
mcrease 1 systeme due to the occl of the umbibeal

cord result 1 a reversal of the pressure relationshup between the acrta
and the pulmonary artery Thus a gradient exsts across a patent ductus
from the aorta to the pulmonany artery resultmg in a flow of blood from
the systenme to the pulmonary cwcwt Under these circumstances the
left atnum the left ventncle and the pulmonary artery handle an ap
preciably larger solume of blood than do the nght atrium and the rght
ventricle In most mstances the estra amount of blaod mav be accom
modated withie the pulmonary artenal bed without a sigmficant merease
m pressure Because of the runoff from the aorta wto the pulmonary
artery aortic chastobe pressure 1s Jow and systemuc pulse pressure
widens

The hemodynamie considerations thus outhned are typicil of the
vast majonty ~probably 90 per cont-of the cases of patent ductus arten
osus However m a small number of mstances encompassing the largest
patent ductus pul y artertal hyp with puk v vascular
obstructson 13 present This situation as will be demonstrated Tater
changes the entire ¢ltnical and hemodynamic picture In addition to or
even )? the left + i

flow work pulmonary artenal
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Figure 204  Continuous machunery type of murmur at the pulionasy area and a loud
systolic and low frequency diastolic murmur at the apex

veatnicular and left atrial ol (2) p pul y artery
and large ascending aorta and aortic arch and (3) pulmonary vascular
engorgement®® (Iigs 205 206) At fluoroscopy if the ductus 1s of
appreciable size the beat 15 hyperactive the mcreased amphtude of
pulsations smvolves to n equal degree the Icft ventncle pulmonany

artery and aorta E Je pul are frequently scen m the engorged
pulmonary vessels
The el ] like the rad may be almost enturely

within normal hinits 1 patients with a small ductus (Fig 207) If the
shunt 15 large the increased left venmeular flow work s reflected i left
ventncular hypertrophy with 1n occisonal mstunce of P mitrale (Fig
208

)Cnrdmc cathetenzation (g 209) 1s barely justfiable today n
patients with typical patent ductus arteriosus arher obscrations re-
\ealed the following data (1) The ovygen coatent of the pulmonary
asters. 18 creased at least 1 volume per cent over that of the nght
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Fiouee 200 Three one bel 10 a pateent mlh S
seall patent ductus atenosus {C) the sceond toa paucnk with medmav-sized (A} zad
the third one with a large patent ductus setenosus (B}

sentncle  (2) Tught venteular and pulmonary astenal pressures are
normal (3) The “pulmonary capillary” prossure 15 mormal or shghtly
wncreased and the bractual arterial tracng chows a rapid upstrake time
(4) Artenal satusation s normal (5) The pulmonary flow 15 usually at
Jeast twice the nize of the systemse flow and the pulmonary resistance
1s normal or only shghtly elevated {8) Occasionally the catheter passes
from the pulmonary artery to the aorts (Fig 210) This ovears most
commonly m the youngest patients with the largest ductus

In our hands angwcardtogeaphy has not heen a partcularly useful
method of demonstrating a patent ductus arteriosus On the other hand
retrograde aortograms may ge & most graphe demonstrabion of the
presence of a patent ductus Optumally the duct stself may be visualized
{Fig 183 p 135} often the presence of a ductus can be assumed from
the simultancous opacafication of the arch of the aorta and the pulmonary
artental tree
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Figure 206  Posteroantertor and obbque radiograms s paticat wath small patent
uctus artcriosus

Counse AND Procnosis

As mentioned earher only rarely 15 a typical patent ductus arten
osus diagnosed within the first few months of hfe and practically never
1s the murmur recognized at birth The rare presence of a contmuous
murmur at buth usually sneans another probably more compler
anomaly

Why a ductus arterosus that presumably was present in intrauterine
Iife and will agam show evsdences of patency at one or two years of
age should not be detectable by auscultation at birth presents an inter
esting problem The answer may be m the absence of a sigmficant
pressure gradient betw ecn the systemic and pulmonary crewts 1n other
words the ductus may be anatomcally open but there is no flow through
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Figure 207 Elecwocardiograsm 1o 3 pabert wath small patent ducius artenosus

ote that the only abnormality 15 the presence of shghtly tall voltages in the left chest
leads
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Figu 2 <08 Electrocardiogram of a patient with large patent ductus attenosus Note
the prosence of P outrale i lead I and T wave changes o tead Vg
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1t because the fetal type of pulmonary arterioles may represent a resist
ance only shghtly if at all lower than the systemic resistance In other
cases the assumption has been made that 1 membrane obliterating the
ductus has suddenly ruptured 3! In addition to these anitormc and
physwologic eaplanations human fictors consisting m the sometimes
exceedingly difficult auscultatory conditions 1n the newborn may play
some role i the late discovery of the typicrl murmur

Even if a murmur 1s discorvered vathim the first few wechs or months
of life 1t 1s seldom labeled as a contmuous one Most often only a 8}
tolic component 1s recogmzed probably because only a systohe gradient
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Figure 210 Passage of the calhclcr from pulmonary artery to aorta through a patent
ductus artenosus

between the two circuits exists By the end of the first or second year
of Iife however in most cases of typical patent ductus artenosus the
characteristic murmur 1s noticeable The average patient with this
anomaly 1s nearly asy ac hood As time goes on
fatigue and t become 1 ble and con
gestne failure may occur when he reaches the twenttes or thiries The
occurrence of pulmonary artenal hypertension with pulmonary vascular
obstruction 1s faily common n these older patients Shapiro and heyes®*?
found that a person with a patent ductus artenosus who reaches lus
seventeenth burthday has only half the average Iife expectancy if the
defect 1s not corrected by operation Individual exceptions to this rule
are and every dio) has seen patients with patent
ductus arteriosus who 1n their fifties and sittes are completely asymp
tomatic

The great dangers for these patients are congestine faillure and
bacterial endocarditis It 15 possible that with the decline m madence
of the latter complcation the figures of Shapiro and keyes may no
longer be vahd It 1s my impression that rheumatic fever and rheumatic
heart discase are also more common among patients with patent ductus
arteriosus than among the average population

DiFFeRENTIAL Diachosis

The diagnosis of typical patent ductus arteriosus 15 sunple Gibson13®
stated that the chimical diagnasts of patent ductus astenosus based pnn
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apally on the presence of the charactenstic mumur was correct
practically every instanee of scveral thousand cases collected from all
over the Umted Stites Othar conditions with systolie and diastolic mur
murs to be considercd are as follows

Aortopulmonary Septal Defect  An aortopulmonary scptal defect
1s prictically andistingwmshable from patent ductus artenosns from the
chmeal vicwpomt  Cardine cathetenzation aortography or both may
furmish the neeessany clue but exploritory thoracotomny should always
be purformed i any casc

Coronary  Arteriovenous Aneurysm A coronary  arteriosenous
ancunysm may be suspeeted of high frequency continuous murmurs are
herd somewhere within the cardine border but not at the sccond left
mterspace Cardie cathetenzation may have to be performed to estab
hish the dingnosis

Munnurs of Collaterals  Munnurs of collateral vessels may be
heard 1n patients with coarctation of the aorta or tetralogy of Fallot and
may casily be identified by their location and character and the presence
of the undcrlying, malformation These murmurs are heard well through
out the backh and usually at the second nght nterspace rather than
bemng localized to the arca of the ductus Also they lack the consistency
of the patent ductus arteriosus murmur and vary considerably with
respirations

Venous Hum A venous hum 1s perhaps most frequently confused
with a patent ductus arteniosus Its cvanescence the accentuation of the
duastolic component ats disappearance on compression of the ipsilateral
jugular vem 1ts accentuation if the neck 1s catended and the patient sits
up and its virtual disappearince when he lies down usually allow an
casy differential diagnos:s
 Ventricular Scptal Defeet and Aortic Regurgitaion  The murmur
of ventricular septal defect with aortic regurgitation 1s more to-and fro
i character and its maamal intensity 1s at the lower left sternal border
rather than at the second left interspace

Rupture of the Smus of Valsalva If an aneurysm of the sinus of
Valsalva ruptures into the nght ventncle (ordinanly some time after
puberty) the patient usually ewperiences the sudden appearance of
congestve failure Physical examination revenls for the first tme signs
suggestive of a patent ductus arterzosus m a person without known heart
discase This contrasts markedly with the slowly progressne course of
patients with patent ductus arteriosus

Truncus Arteriosus  The p of arterial the
absence of a well defined mam pulmonary artery segment and the com
mon occurrence of nght sentncular hypertrophy usually make the dis
tnction between truncus artenosus and patent ductus artenosus fauly
easy Also the continuous murmur is seldom localized to the second
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left nterspace but may be heard with equal mtensity at the second
nght nterspace and over the back

TREATMENT

The treatment of choice for typical patent ductus irteniosus 1s sur
gery An gperation 15 recommended for every child with this condition
who 15 seen at The Childrens Medical Center in Boston This policy 1s
based Iv on two d one 1s the unhkelihood that any
patient with a patent ductus arterosus will be able to live a symptom
free Iife for the average length of ime and the other 1s the fact that
normal airculation 1s completely restored by this procedure with a low
mortality rate

It 15 easy to recommend surgery for patients who have symptoms
However recommending an operation no matter how safe for a chuld
who 1 the eyes of his parents 1s completely healthy 15 difficult The
physician should be guided by his judgment of the indivadual situation
He should try to assess the size of the ductus on the basis of heart size
pulse pressure and presence or absence of an apical diastohe murmur
Consideration should be given to the parents psychological make up
Are they more able to withstand the emotional stramn of an operation
better than Living with the threat of bactenal endocarditis for many
years? A final most important consideration 1s the amount of surgical

e with this procedure 1n the 1 believe that af one
rationally examunes all these factors and has a capable surgical team at
ones disposal op will be ded for the vast majonty

of asymptomatic children as well as for those who have symptoms
The queston—fortunately seldom confronting the pediatncian—of
what to adwise an adult with an asymptomatic ductus 1s an even more
difficult problem I beheve that not every one of these adults should
be operated on the smallest ductus may perhaps be left undisturbed as
long as the patient 1s asymptomatic This difference m attitude toward
adults 15 explaned by the shghtly ngher surgical nsh that these patients
present the soctologic implications of losing, the head of the family and
finally by the fact that the bemgnancy of the lesion has already becn
demonstrated to a certain estent by freedom from symptoms for several
decades
Great techmeal stndes have been made 1n the performance of this
since the first ful higation of a patent ductus artenosus
in 1939 by Gross'® At present the members of our surgical service at
The Children s Medical Center believe that division of the ductus 1s more
satisfactory than hgation and 1s cqun]l} safe The principal advantage of
dmdmg the ductus 15 the agamnst 1
of b 1 endocard

and
at least eight cases
of xecanahmtmn of ligated ductus have been reported by Gibson 13
The mortality rate of duwnsion of patent ductus artenosus 15 quoted by
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Figure 211 A Preoperatne and postopiratne radiograms 1n a chdd wath diviwon
of patent ductus B The cl 1 hic changes following diasion of
patent ductus arterjosus 1 the same paties t

Gross and Longmno' * 1 bung less thin 05 por cent n the asympto
matic group and 21 per cont m therr entire group of 412 patients The
optumal age for surgery 1s between three and fiftcen years but patents
ranging m age from two months to sicty yeurs have been successtully
operated upon

If bacterral-cndocarditis occurs 1t 1s preferable to eradicate the
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wfection medically first and to operate about si months after complete
bacteniologic cure If the nfection cannot be controlled by the most
<hillful use of antibiotics surgery may bring about the deswed cure of
the endocardstis

If the patient shows cvidences of congestive farlure obviously this
should be brought under control before operation

The techmcal detals of the operation and the preoperative and
postop: ve care are adequately covered in the approprate surgical
texts 15 On the whole the course of these patients after operation 15
remarkably smooth and 1n marked eontrast to that following the repair
of atnal septal defects 15 usually not plagued by either congestive falure
or arrythmtas The average stay in the hospital 1s two weeks or less

Postoperatinely the heart diminyshes 1 size pulse pressure becomes
normal el diographic and radiol evidences of left ventncular
hypertrophy d and pul 3y lature b normal
(Fig 211) In the majonty of instances no murmur 1s heard by the time
the patient 1s discharged from the hospital Occasionally 2 child has a
residual systolic murmur (grade 2 to 3) 1t the apex or the lower left
sternal border most of these disappear within two years A stenohe
(aortic or pulmonary) type of murmur mav appear or as pomted out

previously may 1 fact, have been present even before division of the
ductus

Sumnary

Typical patent ductus arteriosus can be diagnosed in the overwhelm
mg majority of mstances by the presence of a continuous murmur at the
second left mterspace Ancillary findings mclude radiologic and elec
trocardiographie evidences of a left to nnght shunt with mcreased left
ventricular flow work Most patients are asymptomatie throughout child
hood but with mcreasing ycars they mav become ncapaatated and
may die m congestive failure or with bactenal endocarditis Surgical
division a safe and successful procedure 1s recommended for all chuldren
with this anomaly

Patent Ductus Arteriosus with Pulmonary Hypertension {Atypscal
Patent Ductus Arteriosus)

CrivicaL PicTure

The majonty of these patients have moderate or severe symptoms
Most of them are poorly._des dernounished and are subject
to frequent attacks of severe_respiratory wnfection S s are

noted and r are often rapid and labored A mur
mur has been noted mn all of them but this 15 by no means the principal

reason for their bemng brought ta a cardiologist most of them are sich
children ndeed
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Figure 212 Honocardiogram of pitint with atypical patent ductus artcriosus
Note the to-and fro rather than continueus character of the murmur Also the cresccndic
character of the systolic companent 1s mussing
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Figure 213 Phonocardiogram of patient with atypical patent ductus arteriosus \ote
the fant short early diastolic murmur

As a rulc At physical exunmation these patients are thin and
scrawny seldom do they rank above the tenth pereentile on our standard
developmental charts Reduess of the fingers and toes 1s common Frank
cyanosis and clubbipg 1s present in less than 10 per cent of the-cases if
such 1s noted 1t m1y be ather generalized or localized to the left hand
and the lower half of the body The neck vemns miy be distended left
chest deformity of modcrate or severe degree 1s the rule The cardiac
impulse 1s roching and palpable 1t the mphoid process as well as at the
apex A thrill may be present at the upper left sternal border The systolic
pressure 1s usually elevated with a widemng of the pulse pressure In
the occasional patient with congestive fulure pulmonary rales are heard
and the hver 15 enluged but not pulsatile

At Itation the d feature_ts the | 2. paranly spht
pulmonary_clasure The frst and third heart sounds are not remarhable
A grade 3 to 4 systohc murmur mostly crescendic 1n configuration 1s
heard best at the second to third left mterspace and transmts well
throughout the precordium but not too clewrly to the nech and the back.
An early diastohic murmur 1s hewrd i about two thirds of the cases
Commonly the systolic and drastolic elements do not form 1 continuous
murmur a iatus exsts between the systolic murmur and the sccond
sound giving 1t a to and fro character rather than a continuous one
(Fig 212) Even if the systolic murmur does continue through the
second sound the diastolic murmur may be short and thus agun
the cntena for a truly “continuous” murmar are not completely fulfilled

(Fig 218) In a nunonty of cases only a systohe murmur at the second
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Figure 214 Phonocardhogram of patent with atypiwal patent ductus artenosus
Note the fant systolic murmur No defimte diastohie murmur 15 note
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[

Figure 215 Poslcman!cnor and obhque ndmg'rams of patient wath atypical patent
ductus Note the y artery the absence of pul

monary plethora and lhe evidence of right \cnmcular enlargement in the left antenor
oblique view

left interspace 1s heard (Fig 214) In addition to the murmur at the
second left nterspace apical systohe and mud diastohe murmurs are
also common

Roentgenologic examunation always reveals a grossly abnormal
cardac silhouette In addition to the enlargement of the left ventncle
left atnum and pulmonary artery there 1s defimte and even dommant
nght ventnicular cnlargement 1s well (Fig 215) Frequently 1n addition
to the active pulmonary vascular engorgement mherent m a left to-nght
shunt of some magnitude there may bc evidences of passive congestion
In the most advanced cases with p y vascular obstructon the
marked contrast between engorged }ular vessels and 1schemic pentpheral
lung fields can be seen
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Fig 216 B
grams of pabients wath atypical patent ductus artenosus
hxghhypemcph'y with defimite evidence of left ventnculac hyper
nght ventn h

Figure 216 Electrocardiof
A Mid night ventneul
trophy B Exclusivel
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Fagure 217 D of cardiac cath data a2 pabent
wath atypical patent ductus arteriosus

The electrocardiogram frequently reflects the increased pressure
work of the nght ventncle by showing the presence of combined or even
pure night ventricular hypertrophy with or without mcomplete right
bundle brnch bloch (Fig 216)

Cardiac cathetenzation (Fig 217) reveals the followmg (1) the
oxygen content of the pulmonary artery 1s mereased at Jeast 1 volume
per cent over that of the night ventricle Occasionally probably becm;se
of pulmonary regurgitation the oxygen content of the nght ventneular
outflow tract may be sigmficantly higher than that of the body of the
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nght ventncle or the nght atmum (2) Right ventricular and pulmonary
artersal hypertension of moderate to severe degree 1s present (3) The
“pulmonary capillary” pressure 1s mcrcased and there 1s a normal or
regurgitant type of brachal artenal tracing (4) Moderate arterial oxygen
unsaturation exists 1 20 to 25 per cent of the patients This 1s particu
larly true n the samples obtamned from the femoral artery in cases of a
reversed ductus that 1s a ductus carrying blood from the pulmonary
artery to the aorta If the femoral artenal blood has an oxygen content
of at least 1 volume per cent less than that of the fully saturated nght
brachial artery the diagnosis 1s unquestionably reversed ductus (5)
The pulmonary flow 1s moderately or sizably larger than the systemic
flow the pul 1s always d to a greater or lesser
degree (G) The catheter frequently passes from the left pulmonary
artery through a large ductus into the descending aorta

Analysis of the data obtained at cardiac cathetenization reveals that
1n most mfants and children with atypical ductus the pulmonary artenal
hypertension 1s the result of a large increase i pulmonary blood flow
with only a moderate mcrease m the pulmonary vascular resistance In
a minority of the children and many adults however there mav be
pulmonary hypertension with only a small increase m pulmonary flow
and a marked elevabon of pulmonary vascular ressstance Ths latter
group can be recogmzed clmically by the presence of cyanosis elec
trocardiographic evidences of pure right ventncular hypertrophy and
at cathetenization an 1d 1 mean pressure 1n the pul y and
systemic artenies This combmation of symptoms 1s much more hkely to
occur 1n late adult ife than during childhood

d hy (with of the dye into the nght side of

the heart) may be extremely helpful mn revealing the ductus and the
descending aorta m patients with sigmficant artensal unsaturatton On
the other hand patients w:thout axtenal unsaturation ean be studied

PR

more by

Course AnD ProGhOSIS

Although m later years pulmonary arterial hypertension with pul
monary vascular obstruction may develop in patients with typical patent
ductus arteriosus on the whole this 1s a rather unusual happemug The
patients bemng d 1 here all had £ 3
m.childhood, half_of them n smfancy. Whereas the late dewelopment of
pulmonary vascular disease 1 the typrcal case of patent ductus arteriosus
may be attnbutable to the prolonged effects of a large pulmonary blood
flow ?2 ¥ the presence of ligh pulmonary artenal pressure mn fancy
or early childhood must be explamed on a different basts Civin and
Edwards®! stated that 1n these cases the size of the ductus for teleologic
reasons necessitates a narrowimng of the pulmonary vascular bed 1n order
to mamtam an adequate pressure 1n the systemic curcuit as a matter of
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fact they dunonstrated the persistence of the fotal type of pulmonary
wtenolcs wath narrow lumcns i some of tharr infants with the Jargest
ductus According to this theory then n patients with Targe aortopul
monry commumcitions the pulmoniry utenoles do not undergo the
usunl postnatal chinge consisting m an mercase i the lumen the m
creased pulmon iy vaseul e resistance thus muntamed belps to reduce
the flow through the duct ind to muntun wn adequate systemic output
Attractive s this bypothesis mav be I do not believe that st eaplains
the pulmonary by pertension an 4l the patients w the group Actually 10
some nstances a ductus of only moderate size s accompanmied by sig
mificant pulmoniry vasculir obstruction whcreas i others even though
the ductus ts ven large the pulmonary svasculature 1s entirtly normal for
the patients age both anat ly and physiol 1y

Thus 1t secms that patients having, an atypical ductus or a ductus
with pulinonary hypertcosion do not represent a physiologically ho-
mogencons group Rather there are two groups The first group 1s made
up of nfants with larpe putent ductus tremendously nereased pul
monary blood flow and onl shghtly increased resistance  there 1s some
evidence that after 1 few years with only 1 moderate increase n the
actual pulmontry arternil pressure but with marked progression of
the pulmonry vascular resistance the left to-nght shunt may dimmish
and pul ry vascular obst may appear m some of these mfants
These patients hike thosc with Juge ventnicular septal defects have a
stormy infancy replete with episodes of congestine_falure  pulmonary
cdema and attacks of pneumonta This difficult pered 1s followed by
a relatively I free cluldhood fimily pul y vascular ob
struction occurs sith cyanosis i adolescence nd death m early adult
hood At one tunc or another these patients may present auscultatory
phenomena typical of patent ductus arteriosus  clectracardiographic evt
dences of left ventricular hypertrophy may enst transiently only to gnve
way to evidences of combined ventricular hy pertrophy At cardise eath
etcnization the pressure in the pull 'y artery 1s ficantly elevated
but not to the height of the systemie pressure pulmonary resistance 18
usually less than systemte resistance

The second_group is made up of patients who have a large or
moderate sized ductus with marked pulmonary vascular obstruction that
may well be congemtal These people do not go through the same
period of ncreased pulmonary blood flow as those in the frst group
they are cyanotic from biuth nd evidences of pulmonary vascular
obstruction domunate their entire chnical picture Strangely thewr Iife
expectancy may not be any shorter than that of the first group but therr
symptoms are more umform throughout ife These are the patients 1n
whom the auscultatory findings are the least typical 1 whom electro
cardiographic evidences of pure nght ventricular hy pertrophy are encoun
tered and 1 whom, at cardiac cathetenzation the highest pulmonary
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artenal pressures associated with caleulated pulmonary resistances equal
to or lugher than syst are d

DirperentiAL Diacnosis

The differcntial diagnosis of atypical patent ductus arteriosus 15 one
of the most difficult and most crucial encountered 1 pediatnic carda
ologv In my opmon an atypical patent ductus artersosus should be
excluded by cordac catheteri.ation i cuery case of a left to nght shunt
with pul y artenal hyp if dences of Icft ventricular
hypertrophy are present and particularly of the pulse pressure ts wide
If catheterizahon studues farl to furmsh an unequivocal answer a retro
grade aortogram or even surgical expl should be plated

1f patent ductus artenosus with pulmonary artertal hypertension 1s
dagnosed on chnical grounds often the at 1 Itatory b

phic or el d hic features suggest the presence of an
additional congemital malformation  Although accompanying congemtal
Qelects notably amal or vemtnculir septal defect pulmonary stenosis
aothic stenosis and so forth have been desenbed by several au
thors 153 174 the, presence of such ab hibes should be d d only
after thorough studies In my experience most atypical” features can
be explamned solely on the basis of the ductus with pulmonary arterial
hvpertension  Furthermore far practical purposes the presence of an
dd Y] 1 malf should not make any difference from
the therapeutic viewpomt except in the extremely rare wstance i which
a tetralogy of Fallot 15 associated with a patent ductus arterosus The
asspeiation of pure pulmonarv stenosis or aottic stenosis with patent
ductus does not a contramnd to op!
nether do septal defects

The pnncpal lesions to be dered 1n the diff 1 d
are as follows

Total Anomalous Pulmonary Venous Dramage The marked car
diac enlargement with congestive fallure the severe and pure nght
ventrieular hypertrophy without much evidence of pulmonary artertal
hypertension and the characteristic roentgenotam usually enable the
cardiologist to 1dentify total anomalous pulmonary venaus dramage Oc
casionally however only the demonstration of systeme artenal blosd m
the nght atrium at cathetenzation furmishes an unequivocal answer
to the problem

Atmal Septal Defeet or Parbial Pulmonary Venous Anomaly
Atypical patent ductus artenosus resembles atrial septal defect or partial
pulmonary venous anomaly only from the radwlogic viewpont. The
sumulanity of the two 1n terms of prominent main pulmonary artery with
nght ventneular hypertrophy and pulmonary vascular «ngorgement may
be stnling Consideration of other factors however particularly the
presence of a widely split, but not accentuated pulmonary second sound,
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the selective night ventricular cnhrgement shown m the roentgenogram
and the marked meomplete nght bundle branch block without evidences
of left ventncular hypertrophy 1s indcated by the electrocardiogram
usually enables the capenenced observer to sdentify @ communication at
the atnal level

Large Ventricular Septal Defect Large ventricular septal defect
(with or without pulmonary stenosis or aortic regurgitation) may be
impossible to scparate from atymical patent ductus arteriosus without
cathetenzation or even thoracotomy Locihzation of the murmur at the
Tower Jeft sternal border the absence of the carly diastohe components
and the prescnce of normal pulse pressure and of pure night ventnicular
hypertrophv all tend to fivor 2 ventncular defect However even the
most expericuced observers are likely to make senous mistakes Hence st
cnnot be emphisized too often that if this particulrr point m differential
diagnosis 15 seriously considered  eathetenzation should be camied out
at the appropnate ime particularly if the patient 1s not dong well

Truncus Arteriosus  In addition to the points enumerated on page
352 1t should be mentioned that atypical ductus artersosus if accom
pamed by severe enough pulmonary artenal hypertension to ghe nse
to cyanosis usually is not accompamied by a continuous murmur as loud
and as ubiquitous as is secn with truncus arteniosus

Aortor y A ) y funestration was
discussed on page 352

Rupture of the Smus of Valsaha See page 352

TREATMENT

The treatment of patients with patent ductus artersosus and pul
monary arterial hy pertension cannot be summarnized as easily as that of
patients with typrcal patent ductus

Patients who have large left to night shunts and only a shght m
crease m pulmonary resistance unquestionably should be subjected to
operation these patients may benefit tremendously from surgery It
should be remembered however that the mortality rate for these pa
tients some of them small babies 1s considerably Iigher than for those
with asymptomatic ductus No large enough senes 1s available to provide

1 ful figures h usually a mortahty rate of 5 to
10 per cent should be quoted Furthcrmore 1 view of the potential pro
gression of the pulmonary vascular changes operation 15 mdicated as
soon as the dignosis 1s made Usually thus does not seem hike a difficult
decision since as mentioned earlier, these children are sich 1nd need

help

The decision to opcrate on 4 patient belonging to the group m whom
the pulmonary artenal hypertension 15 extremely severe and 15 prin
apally due to marhed pul y vascular ok without yn sig
aficant left to nght shunt 1s much more difficult to make Without
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-
optration these, patients cannot look forward to a normal Lfe Death 1n ]
five ten or hltcen yeus scems a foregone conclusion At the same time
operation cirnes at least a 50 per cent nsk Furthermore even if patients
do sunine the opurabon the chances of reducing the established pul 1
monary vascular obstruction are remote

The literature 15 filled with glowing reports of a postoperitne de
crease 1n pulmonary artenal pressure i patients operated on for patent
ductus arteriosus but careful study usually indicates clearly that the
pulmonary_arterial pressure drop paralleled. the drop 1 pulmovary blood
fow 3 am not anare of any well substantiated case report i which an

Q 1 and £ if 1n pul y arterial was
obtamed by dividing the patent ductus artenosus So far even though
some of these patients with sevcre even masmal pulmonary vascular
obstruchion have survived the operation improsement has not followed
rverv clearly 1t 15 hoped that the vascular obstruction wall not progress
any further but even this 1s more a matter of wishful thunling than
proved fact
The medical support needed by these patients before dunng and
after op 1s ble Since congestive failure and pulmonary
wfections are common the need for preoperative anticongestive meas
ures and antibiotics 1s great The use of spasmolyhies such as Priscoline
to reduce pulmonary obstruction has been tned In our hands the results
on the whole have been discouraging,

Suviary

Atypical patent ductus artenosus should be suspected m every
patient who has evidences of a left to nght shunt with pulmonary
artenal hypertension These patients are commonly subject to episodes
of congestne falure and attacks of prneumoma physically they arc
greatly underdeseloped At 1 in the great majonty of m
stances a systoh¢ murmur 18 present at the upper left sternal border
early diastolic murmurs are also present in more lhan half of the patients
The pulse pressure may be widened E} and roe;
grams show combwed ventricular hypertrophy Cardiac c'x\helenzahon

is indicated for every patient in whom such a lesion 1s senously sus
pected

AORTOPULMONARY FENESTRATION
it may be worth while to mention brieflv a rare congenttal anomaly
which closely resembles patent ducms artenosus 1 all respects except

bility namely aortopul y § or aortic septal defect
Fmbryologically this 1s the result of the mcomplete devclopment
of the spiral ndges dividing the bulbus cordss clearly this should result

of the fetal between the two halves of

ma p
the bulbus
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Fgure 218 P and oblique rad. of patient w th aortopulmonary
fenestraton Note tle sum lar :, between these flms and tlose of pat ent 1th large
patent ductus arteriosus

Anatomically the defect varying in d ameter from 5 to 80 mm
15 located just above the aortic vahve Somet mes 1t 15 practically mnsep-
arable from the coronary arteries 1n other mnstances 1t 15 a few mlli
meters above them

The physiolog ¢ effects of an aortopulmonary fenestration are :denty
cal with those of a patent ductus arteriosus because of the gradient
between systemic and pulmonary resistances a shunt from the aortic
to the pulmonary side occurs The size of the defect and the ratio be
tween the two resistances are the principal factors determining te
magmiude of the left to nght shunt
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Figure 219 Electrocardiogram of patient with nurkopulmonary [cncstxatmn Note the
presence of combuned ventncular hypertrophy

Cunicat Picture

For all practical purposes the clmcal picture cannot be distin o
guished from that of a large patent ductus The only clue to-thefact =~
that this 15 not a clear cut ductus artenosus 1s that the murmur 15 usually
somewhat atypical and 1s situated lower and more medially than 1s
customary

The roentgenologic picture (Fig 218) and electrocardiographic
findings {Fig 219) are charactenstic of a large patent ductus artenosus
perhaps d with pul even cardiac cath
eterization studies may not dlfferemmlc between the two entites (Fig
220) Gasul and his associites' 7 reported one case m which differentra
tion was possible by means of retrograde aortography

Cousse anp Prochosis

The natural tostory of the anomaly cannot be outlined with any
certatnty because of the paucity of reported cases Sursnval vanes from
three dvys reported by Hektoen % to forty eight years reported by
Moorhetd nd Smuth 5 Death usually occurs from congestive failure
probably d with pul y vascular ot
patients should be equaﬂy ble to b 1 end d
patients with patent ductus arteriosus
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Frgure 220 D

DrrFereNTIAL Dracnosts

The duff Al d of aortopul; y fenestration from large
patent ductus arteriosus 1s practically impossible by clntcal means and
eatremely difficult by cardmc cathetenzation or angiography 1t can be
accomplished with certainty only at thoracotomy

TREATMENT
Surgtcal treatment of the pul y septal defect 15 exceed
ingly dufficult Only two or three successful operations have been reported
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so far in the J However te <k of the di 15
possible only at the opexatwg table The usual approach toward drision
or higation of a patent ductus artcnosus 1s pursued When the ductus 15
evposed only a hgamentum arteriosum 15 found the manunl contnenon
of wisch does not appreciably change the dynamcs of the heart or
chmmnate the loud thnfl i the pulimonary artery Under these arcum
stances the surgeons explanmy, finger will discorer that the vuxunal
sntensity of the thnd »s further toward the heart just above the scaufunar
valves Then 1f the pencardium s opened the aortic septal defect can
almost always be located at wts usual place The difficulty 1 interrupting
this structare auses from the short dustance between the two great
vessels and the provmity of the defect to the coronary artertes Sewer
theless with the approp technsque lly a ful opera
tion can be performedt ¢

Sovnary

Aortepulmonary {enestratbon 15 a communication between the twa
great arteries just above the senmlunar valves The diagnosts should be
suspected s patients who hane symptoms of Jarge and somewhat aty preat
ductus  but 1t can be proved only at operation Surgical treatment s
extremely difficult because of the anatomuc situation but a few success
ful operatians have been reported

Rerrunen Anetnssu oF TRe Soves oF Vatsaaa

Aneurysmal dilatation of the aorhic smus 15 the result of a con
gemtally mmperfect fosion of the bulbar ndges and the ventricular sep-
mm 1t 15 a developmental dusturbance only shghtly Iess prafound than
that leading to a defect of 2 membranous ventneular septum as a matter
of fact m my expenence and according to reporis from the Iterature
the two lesions froquently ocour together © 333 The aneury smal dilatation
apparently never mvolves the left cusp and 1s most frequent m the nght
cusp Whether the communication frequently eusting between this sinus
and the nght uide of the heart 1s congenital or acquired 15 a matter of
conssderable argoment according 1o the excellent review of Jones und
Langley ¥ the communicatson 35 acquired m about three fourths of the
mstances The opening of the aortic smus usually leads snto the nght
ventricle from the right cusp and enly oceasionally wto the right atnum
from the postenior cusp

Crrmacar Proyune

A congemtal commumication bt cen the sinus of Valsalua and the
nght ventricle canmot be d hed with certamty el I _or at
cardiac cathetenzation from a large ductus or.2xentucular septal defect

wath aoric Tepurgitation Although retrograde aottography may furash
the necessary clues for accurate recognition only at thoracotomy can the
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dufimte diagnosis be made In cases 1 which_the Jncurysim-ruptures
Iteran Lfe-the diagnosis may be suspeeted 1f evidences of congestine
Fulure assoctited wath foatures charactenstic of a large ductus develop
suddenly wathun 1 matter of days or weeks An ancurysm of the sinus of
Valsalvi with no communication to the night side of the heart and
without issocnted defects docs not BIve n1se to signs or symptoms

Counse axp Procrosts

Patients 1n whom ths commumcation 1s congemtal may lead rela
tnddy normal Ives throughout childhood howeser death has been
reported 1 carly wfancy Patients i whom the commumscation 1s
1ct]1um.d usually die swithir a fow months after the onset of congestive
falure

TREATMENT

No surgict! treatment has been devised so far VMedical regimen
should be amad at controlling, evidences of heart fulure and nfection

Susivany

Ancurysm of the aortic sinus 1s 1 aself an asvmptomatie condt
tion Only if a commumcation develops between the smus of Valsala
and the nght side of the heart do symptoms wnd signs strongly resem
bling those of patent ductus artcriosus become mamfest Only if the
commumeation s acquired can the diag) be susp 1 gt
tively principally on the basis of the coursc of the diseasc The prognosts
15 poor and no treatment s avnlable at present

PerststENT TRUNCUS ARTERIOSLS

Incibence

Truncus artertosus 1s not 1 common lesion At The Chuldrens
Medical Center we have had eleven children with this condition among
our 577 proved cascs of congenital heart disease Abbott reported twenty
one 1 her senies of 1000 cases of congenttal malformations of the heart

ANATOMY

Complete fadure of development of the bulbar ridges results
the p of the fetal artenal trunk Since these ridges are
also ry to plete the devel of the ventricular septum

persistent truncus artenosus 1s always associated with a defect of the
membranous septum and mvanably communicates with both ventnicles
Frequently the entwe ventriculawr septum 15 absent The number of
scomlunar valves vanies from two to four The ductus 1s absent by defim
tion The cntre circulabion ncluding the systemic arteries the pul
manary artesies and the coronary arteries 1s supplied from this common

arteral trunk
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Whereas 1 the majonty of mstances the aorta with 1ts tnbutanes
and the coronary artenes are funcionally adequate the state of the
pulmonary sessels may vary consderably In some cases normal sized
pulmonary artertes ongnate directly from both sides of the common
trunk 1n other cases one or even both pulmonary artenes are absent and
the pulmonary cwrculation is taken over entsrely by the bronchial arteries
1 hate even scen an mstance in which the nght pulmonan artery was
gven off by the common artenal trunk while the left pulmanary artery
ongmated from the nght ventncle

Prisiorocy

Smce blood leaving the heart through one common exit represents
a practically complete mnture of the pulmonary (oxygenated) and
systemie {unoxygenated) return the artenal saturation of the truncus
tlood depends on the ratio of the systemuc to the pulmonary flow If
the pul y artenies are adeq 1 size and the pulmonary aircula
tron therefore Jarge the truncus blood will be relatively ughly saturated
Comversely if the pull 3 if 15 deq etther because
of smal} pul y arteries or pul y vascular obstruction the oxy
gen content of the blood in the common trunk will be nearly the same
as that i the vena cava The systohe pressure m the two ventricles 15
equal and 1dentical with that obtaned from the acrta The pulmonary
artental pressure 1s vanable The oxygen content m the two ventricles
the aorta and the pulmonary arteries 1s 1dentical

Cuantcar, PicTore

The chatcal picture vanes tremendously depending on the status
of the pulmonary artenies A patient with normal sized pulmonary astenes
and normal. pulmonary s prachecally_acyanotie the cliucal
preture resembles that of a large ventncular defect or single ventncle
On the other hand a ¢huld wath hypoplastic pulmonary artertes or pul
monary vascular obstruction may exhibnt the worst degree of cyanotie
congemtal heart disease

Most of the patients are known to have had heart disease stnce birth
Therr prinaipal symptoms are dyspnea and fatigue with or without
evidences of congestne fallure At physical exanunation these chiddren
are poorly developed most of them rank well below the thurd percentile
on our development cliarts and rone of them ranks above the twenty
&fth percentile line Prominence of the Jeft stde of the chest 1s common
a tholl 1s usually palpable at the second left sometimes at the second
nght anterspace Cyanosis and clubbing vary constderably from pabient
to patient One infant has been observed for almost two months i the
wards at The Childrens Hospital without defintte evidence of cyanosis
The blood pressure 15 usually noemal although a person who has large
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Tigure 221 Systolie and duastolie murmurs in the pulmonary area 1 a patient with
truncus artcnosus Note the decrescenda shape of the systolic munmur the faintness
of the diastohic murmur and the presence of the presystolic murmur

pulmonny artcries my have 1 wide pulse pressure Hepatomegaly and
rales are noted tn patients who have congestive heart failure

The first heart sound 15 normal or accentuated Usually the second
sound 1s rceentuated or even boommy, The epected nirrowness of the
second sound 1s not observed with wy rcgulnty More than half of our
ptunts had a continuous murmur 4t the second left or second-nght
mterspace This murmur is sumilar to the machinery murmur heard m
patent ductus arteriosus except that its pomt of maumal intensity 1s not
alwavs at the pulmonary arer the svstolic component 15 not alwavs
crescendic and the mtensity of the murmur vanes with respirations
(Fig 221) Loud grade 4 syvstolte murmurs v ere heard at the loser left
sternal border or the second right mterspace n all the patients who did
not have a continuous murmur Apical mud diastolie and presystolic
munnurs were also present m 1 minonty of the patients

The clectrocardiogram 15 vanable Most patients show combmed®
ventricular hypertrophy  but occasionally  pure left or night ventncular;
hypertrophy 1s present P pulinonale 1s never marked

The roentgenologte picture (Fig 222) 1s charactenized by the ab
sence of a normal mamn pulmonary artery segment at the usual place.
The supracardiac shadow consists of one large vessel usually but not
imvarnably to the left of the esophigus Cardiic enlrgement 1s moderate
ot scvere and usually mvolves both ventrieles Pulmonary 1schemia or
unilateral or even bilateral pulnonary plethora may be noted depend
mg on the size of the pulmonary arteries (Fig 223)

Cardiac cathetenzation (I'ig 224) reveals the followmg (1) There
1§ an 1ncrease 1 oxygen content at the night ventncular Ievel resulting
in a umform oxygen content w1 the nght ventncle systemie artery and
pulmonary artery (2) The systohc pressure 15 the same in the nght
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F:gure .22  Posteroantenor and left anteror nbhque radiograms of patient wath
common truncus arteriosus Note the ab ence of a man pulmonary artery the large
aorta Icft and nght ventncular enlargement in the left anterior obhique view and the
pulmonary plethora 1n the posteroanterior view

Figure 223  Posteroantenor radiograms of two patients wath truncus arteriosus
A Marked pulmonary pletl ora m one patient B Pulmonary ischemia m the second
patient

ventricle as in the systeic artery with 1dentical or reduced pulmonary
artenal pressure (8) The pulmonary capillary™ pressure 15 normal or
shghtly increased and the brachial arterial pressure curve 1s relatnely
normal (4) There 1s artenal unsaturation of vanable degree (5) A
left to nght or night to left shunt 1s present At the ventricular level de
pending on the relationship of the resstances m the two circwmts (6)
The catheter cannot enter the pulmonary artery directly from the ven
tricle

Angocardiographic studies are particularly apt to demonstrate
graphically the anatomic situation (Fig 225) In many respects this tool
15 supenor to the catheter in the diagnosis of common truncus arteriosus
Optimally both exammations should be performed
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Figure 224  Diagrammatic presentation of cardrc cathetenzation findings 1n pahient
with common truncus artcnosus

Counse AnD PROGNOSIS

The natusal Justory of the discase 1s vanable \Most of the patients
die 1 fancy four of our eleven died between the ages of three and
sin months Our oldest Ining patient at this time 15 seventeen years old
According to the hterature many patients Iive to the age of twenty or
thuty The mmedsate cause of death 13 usually congestne faulure al
though preumoma has contributed sigmficantly to the death of our
small ifants One of our patients was severely Al with bactennal cndo
carditts another «as suceesstully treated For a bran abscess
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Figure .28 Angocardiogram in left anterior obhique view 12 2 patient wath commen
runcus artenosus Note the wide single supracardsac shadow

Diereneniat Diaenoss

Perastent truncus arterrosus may have to be distngwshed from
other types of cyanetic or acyanohe congemtal heart disease depending
on the status of the pulmonary creslabon

In the absence of cyanosss large ventricular Sep!al defec( and patent

ductus artenosus should be dered 1 the d
large ventncular septal defect 15 sumlar to truncus artenosus w that
both entad a at the v lar fevel and both are com

monly associated with pulmonary artenal hypertension The dsfferences
are discussed on page 320 The dufferential diagnosis of patent ductus
arteniosus and persistent truncus arteriosus 15 discussed on page 352

In patients who have truncus artenosus with cyanosis tetralogy of
Fallot and tmeuspid atresia should be considered mn the dafferentral
dizgnosis

In 2 patient wath extreme tetralogy of Fallot with pulmonary atresia
the pulmonary cireulation flows through bronchial arterses or a patent
ductus artenosus from the aorta rather than through a small pulmonary
artery from the common arterial trunk Often this differentiation 15 not
posssble eacept 1t postmortem exammation at other nmes the Ayp\cal
brenchial artenal type of pul ¥ 3 i the
rachelogically Furthermore patients with extreme tetralogy of Fallot
often have no murmur whatsoeser whereas all the patents with a
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Sce Table 28 (p 303) for explanation of symbols

truncus arteniosus hve 2 continuous or at least a systohe mummur
Funally paticnts with extreme tetralogy of Fallot mav be very cyanotie
m spite of the presence of a murmur or from a
rchitively small bronclnal artery In contrast, in patients with a true
truncus arteriosus 4 cottmuous murmur anphes an apprecable sized
pulmonary artery nd thus cyanosis though defimite s of a lesser
degree

Tricuspid atresia associated with an underdevcloped night ventncle
mav also be confused with true truncus artertosus The question anses
m 1 patient with ¢yanotie heart disease i whom the electrocardiogram
reveals left ventricular hypertrophy Chimeal differentration may be pos
sible on the basis of the severe and eaclusiy e left ventncular hypertrophy
with left aus deviation usually noted mn tncuspid atresia In other m
stances only angiocardiography enibles the cardiologist to make the
diagnosis n vivo

TREATMENT

Only medical therapy (antibiotics and anticongestive measures) 1S
available for the patients who have an adequate pulmonary curculation
If on the other hand the pulmeniry artenies are small or defectine 2
shunt procedure my be successfully performed It must be remembesed
Lowever that the operabye mortahty 15 ligh and the number of satis
factory results are few and far between Conscquently surgery 15 to be
recommended only for ¢y wotie patients m this group whose hantations
are really maximal
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Suspusany

‘True truncus arferiosus 18 2 jarge common vessel overmding both
the left and the nght veatrcles There may he severc or guld artenal
unsaturation depending on the size of the pulmanany artery onginating
from this common trunh, The charactenstie radiologie picture and the
presence of @ cophnuous murmur w 3 pabtent with cyanests should
suggest ths entaty Anﬂ'xmxdmgxaph) wath or without cathetenzation
usually blishes the Surgreal G wmay he avinlable
for patients with dimintshed pulmonary blood flow  but the mortahty
ate 15 lagh




CHAPTLR 16

Valvular and Vascular
Lesions with a Right-to-Left
Shunt or no Shunt at All

COARCTATION OF THHE AORTA
Incibence

Coarctation of the aort1 1s a common congemital womaly 1t 1s the
third most common lesion in Abbotts repert snth most common in
Woods senies and fifth m our own group of pabnts Males are more
commonly affected than females On the whole this anomaly probably
represents shghtly more than 10 per cent of all congemtal cardiac
abnermalities

ANaToM

Coarctation 1s a narrowing of the lumen of the aorta usually occur
ring beyona the onigin of the left subelavian artery at the msertion.of the
ligamentum artersosum  Rare nstances of coarctation hugher 1n the aortic
arch (even proxmmal to the mnommate artery) ® or far along the de
scending aorta have also been described

The etjologv of coarctation of the aorta was thought to depend on
the closure of the ductus arteriosus and the constriction resnlting there
from 33* Recent evidence pomnts away from tlus eaplanation however
Edwards stated that the leston 1s due to an intrmsic defect 1 the struc
ture of the medial layer of the aortic wall 197 It 1s my distinct 1mpression
that coarctation of the aorta 1s not of equal seventy at burth m alf
patients and that m fact m many 1nst: 1t may represent a duall
progressive leston Whether the collterals necussary for mamtenance of
an adequate postnatal circulation are developed dunng mtrautenne hfc
or not 15 a matter of hnely controversy the av ulable evidunce favors
the presence of these structures n the fetus The colltera] chaels bring
blood to the lowcr half of the body by bypassing the tortic block In
essence both subclavian arteries are the prncipal sources of the col
laterals The nght subclavian to the tals via the
vertebral artenies and the spmal artery on one hand and through the cer
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s1cal and scapular branches on the other The left subclavian artery 3f
proumal to the coarctation feeds blood to the lower half of the body
through the internal 1es and the I

PinsioLocy

The prncipal physiologic problem 1n coarctation of the aorta 15 the
mamtenance of adequate blood flow and pressure mn the lower half of
the body Apparently tiis 15 achieved by means of three adaptive mech
amisms Qnpe s the elevation of the systohc pressure in the proximal
aortic segment The second 1s vasoconstriction mn the artenoles to mam
tamn a hugh diastolic pressure The thurd 1s the bypassing of the aortic
block by means of collaterals or a ductus arteriosus opcmng distal to
the coarctation By utiizing one or more of these three mechanisms the
mean pressure 1n the lower extremities 1s mamtained at a level of about
©0 mm of mercury the mimmal pressure needed for adequate hdney
function If the block 15 too complete or if the compensatory mechanisms
are ngt sufficient, survival 1s not possible

&classnﬁmtmn of coarctation of the aorta mto “adult” and “mnfan
tile” types based on the location and length of the coarcted segment, 15
meaningless m view of present day physiclogic and therapeutic concepts
1t 1s well known that the so called adult type (a localized constriction
just opposite the msertion of the ductus artenosus) may be associated
with a patent ductus supplying the lower half of the body with blood
and may cause death 1n congestive failiire 1 infancy On the other hand
the so called infantle ype (a long narrow segment between the left
subclavian and the ligamentum arteriosum) may be associated with
relative longevity Also from the climical viewpoint the adult type may
gnerise to severe though reversible congestive failurean infants whereas
the imfantile type can be completely asymptomatc for several decades

A physiol lly as well as cl lly more ful classifi
tion to be followed in this teat divides coarctations of the aorta mto
those 1 which the left ventncle (directly or by means of collaterals)
supphes the entire systemic circurt with blood (coarctation of the aorta
with systeme left ventricle) and those in which the left ventricle sup
plies only the upper half of the body while the parts below the coarcta
tion are supplied with blood from the nght ventricle through 2 ductus

artertosus (coarctation of the aorta wath systemuc left and nght ven
trcles) e

COARCTATION OF THE AORTA WITH SystEMC LEFT VentmicLe

Simple Coarctation
Cuvicar Picture

Most children with coarctation of the aorta are asymptomanbc the
condition 15 usually first recognized by the school physician or the ped
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Fiyure 226 Fhonocardiogram of pitient with cotrctation of the aorta Nete the
stenatie e of systolic munmur at the second left imterspace and the back and the Yong
diastolic murmur over the back

atncian when 1 routine exammation reveals a mumur or the presence
of artenal Inpertension Onee 1 4 while close questigmng of the parents
chieits complants consisting, of pains 1n the calves on running occasional
fatigue headaches and nosebleeds It 1s interesting that asymptomatic
coarctation of the 1ortq 1s rarely discovered mn infants 1t 1s usually ding
nosed between the ages of four and fie years or ¢ven Jater

At physical exammation *  these children {generally boys) are
usully well developed and well nonnshed some of them are eatremelv
hictic Ocetsionlly one 1s struck by the broxd shoulders and well
deseloped upper extremuitics 1n contrast to the relatnely narrow hips
and thiy legs Cyanosts and clubbing are neser present, and there are
no eudences of congestine fulure Frequently a thrll 1s palpable at the
suprasternil notch where the caroud pulsations we unusually pow erful
Mild left chest deformuty may be present the impulse 1s heaving and 15
maxmal 1t the cardiac apey In older children the dilatcd and tortuons
intercostal arteries may be palpable over the back when the patient
leans fornard® The radwl artenies arc powerful cspecially on the nght
The femoral pulses e either tbsent or weaker and later than the radial
pulses Blood pressure determinntions (with proper sized cuffs) show
the systolie pressure of the arms to be higher than that of the Jegs
whereas the distolic pressures are equil This relatnve hypertension of
the upper estremities 15 the pathognomome feature of coarctation of the
aorta the systolic pressure m the arms dues not have to be sigmificantly
Iugher than the average n an absolute sense The systolic pressure of
one arm {usually the night) may be 20 to 30 mm higher than that of the
other arm without necessanly 1mplying that an added anomaly of one
of the subclavian artenes 1s present In nstances in which the difference
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Figure 227 and obliq d of patient with moderately
sevese coasctation of the aorta Note the !ml“ aortic knob and evidences of left ven
tmcular enlargement

1 pressure between the two arms 15 more than 30 mm. of mereury some
added abnormality such as stenosis or atresia of one of the subclavians
must be d The pul of the abd 1 aorta are often absent
‘The feet may feel cooler to touch than the hands

At auscultation the heart sounds are usually normal 1n intensity and
sphiting although the second sound 1s often Jouder at the aortic area
than at the second left mterspace A systohe murmur 1s present in at
least 75 per cent of the cases A stefotic systalic murmur, enginating
exther at the torbehe_ox the. coarcted-segmentatself,- mayhe heard
at the second-nght interspace the suprasternal notch or,_most_charac
tenstically over the back, at exther side of the vertebral column A
blowmng systohc murmur at the lower left stémal border may also be
heard but ats ong has never been clear to me A continuous murmur
(Fig 226) orl from the exts 11 s 15 often

MU
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Frgure 228 Outline of the 1n co tional radi A Esign on the
banum filed esophagus B The § sign of the coarctation 1 the posteroantenor view
For explanation see teat

heard 1 older children over the back at the second nght interspice or
cven at the pulmonary arca Carly distohic murmurs representing aortic
regurgitation usually are attnbuted to the presence of a bicuspid aortic
salve An apical mid duastobie rumble mny be heard m children who
have moderately severe curdiac enlargement but no additional wmtra
cardiac anomaly

‘The roentgenologic picture m1y be entirely nonmal m a few cases
In most instances however left ventncular enlargement 1s esily recog
nized (Fig 227) Left atrial prommence 1s present n severe cases The
mam pulmonary artery and pulmonary vasculature are normal n size
and activity The aorta 1s often hypoplastic and the impresston of the
descending arch on the barium filled esophagus often can be recogmzed
by uts € shape (Fig 228) The first arc of the E 15 the impression of
that part of the aorta which precedes the coarctation the middle segment
1s the coarctation itself and the second are 1s ciused by the poststenotic

In an overp d film the norta itself may be seen assum

ing a big three shape consisting of the same components as the E only
1 the reverse “Scallopmg” ok thentbs due to erosion of the lower surface
of the nbs by the collaterals 1s rarely seen m patients younger than eight
years of age (Fig 30 p 40) At fluoroscopy the powerfully contracting
left ventricle may be noted

The electrocardiogrphie pattern w1y vany from 1 normal tracng
to one showmg severe lcit ventrnculw hyperirophy  depending on the
seventy of the cowrctation (Fig 229) In onr wiperience pure nght
ventncular hypertrophy 1s never prescnt m patients with uncomplicated
coarctation of the aort after the e of six months

Cardiac cathetenzaton (g 230) 1s seldom performed now 1
patients with simple coarctatian  The meager data available offer the
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v,
Faa * Ma  tha
Figure 2.9 EL i of patient with of the aorta Note defimte

evidences of left «entricular hypertrophy wath T wave changes

following information 33 3 (1) No left to nght or nght to left shunt
exsts (2) Pulmonary arterial and night ventricular pressures are normal
or shghtly elevated (3) Pulmonary capiilary” pressure 1s normal or
shghtly mncreased The right brachial artenal systohc pressure 1s higher
than the femoral artenial pressure and its peak 1s earher (4) There 15
full artenal saturaton (5) Systemic and pulmonary flows are equal
Systerme resistance 15 markedly elevated pulmonary resistance 15 usually
shghtly lgher than normal

Angiography 1s not the best method for studying patients with
coarctation of the aorta On the other hand aortography with mjection
through the nght brachial or the caratid artery 1s well suited to outhne
the site and length of the coarcted segment together with other vascular
anomalies (Fig 122 p 125)
Course anD PrROGN\OSIS

The natural history of patients with simple coarctation of the aorta
15 rather uneventful at least through childhood If the dangers_of bac
tenal endocardibis and rhenmatie fexer can be avorded by the judicious
use of ch b and ch phyl these patients seldom have
any serious dxﬂicu]ty dunng the first two decades The only complica
tions I have seen lhns age gmup related to hypertensine. encephalop
athy or b These are ob

ly severe even
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Figure 2,0 D of cardiac cath data in patient
with simple coarctation of the aorta

fatal complications but certamly they occur m much less than 5 per
cent of the cases

According to the data collected by Reifensten and Ins co workers *
at postmortem exanunations only a quarter of these patents cin be
expected to Iive through the fourth decade unless an operation 1s per
formed The others die constderablv earbier as 2 result of bactenal
ndocarditis  ruptured aorta or hypertensne cardiovascular disease

DiFFereNTIAL DIAGNOSIS

The differential diagnosis of simple coarctation of the aorta should
present no problem to the phystcan who as past of fus routine physical
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crammation palpates the fumoral pulses amd tries to compare the pres
sures in the upper and lower extromities m ptients with weak or late
femoral pulses

TREATMENT

The treatment of coarctation of the norta 15 surgical There e
cogent reasons to suggest that afl patients with coarctation of the aorta
should be operated on to assure normal hfe capectancy and to ehmimnate
the threat of bactenal endocarditis 2+

Swee the mtial work by Crafoord and Gross hundreds of patients
with coarctation of the aorta have been treated urgically 57 149 The
optimal age of operation 15 betwcen ten and fitteen years the operatnve
nsk 1 asymptomatic patients of this age group ss less than 5 per cent
However operation can be performed in patients of practically all ages
although the mortality rate may be hagher

The operation consists m division of the hgamentum artenasum
and wide exaision of the conrcted segment Preferably the two aortic
segments are then sutured directly togcther Howenver if the gap left
by the excrsion 15 too large an aorbie graft may be nserted with suc
cess 19

In 90 per cent of the patients the blood pressure falls to normal
levels after this procedure and the femoral pulses can be easily palpated
It 15 interesting to note that the systemic systolie pressure drops sig
mificantly within the first postoperatne day but seldom returms to normal
levels for two to three weeks after operation This 15 a good demonstra
tion of the role of extra aortic (ptesumablv penpheral artenolar) factors
m the mawmtenance of the hvpertension of patients with coarctation of
the aorta

As a rule at The Childrens Methcal Center 1n Boston cardiac
cathetenzation or aortography s not performed before operabion an cases
of sunple coarctation of the aorta The chrical profile 1s usually outhned
dlearly enough to make these procedures unnecessary m the ordinary
case The use of aartic grafts and the mvalalnhty of a vessel bank make
the aceurate preoperatnve outhine of the obstruction less important to the
surgeon than it was formerly

Of course if the chmeal picture 15 not a typical one all avmbable
weans of wuestgabion should be parssed Belore proceeding wth om
operation

Suntmary

Patients with a systohe pressure which ss sigmficantly fugher over
the arms than over the legs have coarctation of the aorta There 15 no
evidence of a shunt i esther direction Both the electrocardiogram and
the roentgenogram show evidences of left ventricular hypertrophv Sur
gery 1s recommended for patients between ten and fifteen years of age
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Coarctation of the Aorta with Congestive Fadure m Infancy

Whereas the vast majonty of patints with uncomplicated coarcta
tion of the 1orta ssocited with systemie left ventricle are asymptomatie
throughout childhood i a mmonty of these infants {certunly Jess than
10 per cant) severe congestive fulure develops Why these mfants be
have so dilfcrently from others with stmulir anomalies 1s not known with
certanty  Hypotheses based on the site of the ductal opumg i the
Ietus ind on the conscquent differcnees in the development of collaterals
have becn proposed repeatedly® 37 to cxplun the difference berwcen
the chmeal course of the two groups For reasons guen elsewhere 199 I
am unable to accept these hypotheses as the sole or ven donunant ones
rather I believe that the nfants in whom congestine failure develops
have the severust degTee of coarctation at birth whereas in the others
st develops progressively through the years

Crisican Picrure

The descnption thit follows is bascd prineipally on nme patients
we have observed during, the past ten vears at The Chuldrens Medical
Center 1 Boston ' In these infants symptoms usually begin within the
first three months often the first few wecks of bfe Their weight gamn 1s
poor they are sntable and they havc fecding problems dyspnea
excessive persprration nd even occasional ¢y nons

At physical. examunation these babies look sich with tachypnea
tachycardia and pepioral cyanosis As a rule the Iver 1s enlarged, and
moist rales mav be heard over the lungs Peripheral cdema 15 rire On
auscultation a gallop rhythm s frequently noted and a systohe murmur
1s heard at the left sternal border i almost all mstances The femoral
pulses are weah and latc i companson with the night radial pulse or
may be completely absent “Flush” pressure over the wums 1s at least
20 mm of mercury lugher than over the legs the systohc pressure over
the lower extrenutics however 1s rarely less than 50 mm of mercury

The roentgenolopic picture 1s domnated by the features of con
gestve failure Cardiomegaly 1s maamal (Fig 231) the heart 15 globular
n shape the beat 1s poor and there 1s passnve congestion of the fungs

Electrocardiograms are always abnormal an abnormal degree of
etther night or left ventricular hvpertrophy with or without changes 1n
the T wave 1s present

Unfortunately no cardiac cathetenzation data or angiographic pic
tures arc avulable for these patients Therr prec wious state on admission
and their eacellent response to treatment mahe most cautious observers
shy away from these potentilly dangerous mvestigitive procedures

Counse AnD Procnosts
If treated properly the congestive farlure m these despcmlcl)»sll‘\
infants disappears within a few days or weehs However a sausfacton
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Figure 231  Tostercantenor radiograms of mne patnts who went inta congestive
uluse 10 infancy with coarctation of the aorta 199

weight gain 1s not observed for many wecks or even months Eventually
the nfants start behaving normally and show no cvidenccs of heart
disease except the persistence of the murmur and the relatve hyper
tension of the upper extrematies ‘The heart size dimmshes slowly but
a5 the chest diameter grows 3t does assume normal size within a few
years (Ig 232) The electrocardiographue changes are stnking eventu

ally all patients have left ventricular hypertrophy regardless of whether
they exhibited left nght or combined ventricular hypertrophy mn early
wmfancy (less than six months of age) (Fi, 233) On the basis of our
present rather umted eapenence we at The Cluldrens Medscal Center

heheve that of the pattern of left ventncular hypertrophy 15 not present
by six months of age the patint probably does not have an uncompht

cated coarctation of the aorta

DrrrerenTIsL Diacnosis

As mentioned before the differential diagnosis should not present
any particulor problem o one remembers to fee} for the femoral pulses
of every patient and to measure both «rm and leg pressures 1 all patients
with weak or late femoral pulses

The it most 1} dered m the dufs 1 diag
nosis of these youngsters 1s pumary myacardil disease {see p 209)
Patieuts 1 both groups have 1n common severe cardiac enlargement
v;'xthnut l" murmur farlure 1n eardy wfancy and

ph d of left + hyp phy Once




356 CONGENITAL HEART DISEASE
Coarctation of the Aorta with Congestive Failure n Infancy

Whereas the vast majonty of patients with uncomplicated coarcta
tion of the 1orta associated with systemie left ventricle are asymptomatic
throughout clildhood 1 a mmnonity of these nfants {certumnly Jess than
10 per cent) severe congestive fulure develops Why these nfants be
have so differcnthy from others with sumilar anomalies 1s not known with
certunty  Hypotheses based on the site of the ductal openng i the
fetus and on the conscquent differences i the development of collaterals
hawve been proposed repeatedly ' 71 to explun the diffcrence between
the chimical course of the two groups For reasons gnen elsewhere ' I
am unablc to aceept these hypotheses 1s the sole or ¢ven dommant ones
rather I believe that the infants m whom congestive failure develops
have the scverest degree of coarctation at bisth, whereas 1n the others
1t develops progrussively through the years

Cuvicar Pictune

The descniption that follows 1s based prineipally on mine patients
we have observed dunng, the past ten years at The Childrens Medical
Center 1 Boston ' In these mfants symptoms usually begin withm the
first three months often the first fow weeks of hfe Their weight gam s
poor thev are wntable and they have fcedng problems dyspnea
excessive persprration and even oceastonal ¢y anosts

At phystcal exavunation these babies look sich with tachypnea
tachycardia and perworal cyanosis As a rule the lnver 1s cnlarged and
moust rales may be heard over the lungs Peripheral edema 1s rare On
auscultation a gallop thythm 1s frequently noted and 1 sy stohe murmur
1s heard at the left sternal border m almost all mnstances The femoral
pulses are weak and late i comparison with the right_radial pulse or
may be completely absent Flush” pressure over the arms 1s at least
20 mm of mercury higher than over the legs the systobc pressure over
the lower extremities however 1s rarely Jess than 50 mm of mercury

The roentgenologic picture 1s dommated by the features of con
gestive fulure Cardiomegaly 1s maumil (Fig 231) the heart 1s globular
m shape the beat 1s poor and there 1s passive congestion of the lungs

Electrocardiograms are always abnormal an abnormal degree of
either nght or leit ventricular hy pertrophy with or without changes 1
the T wave 1s present

Unfortunately no eardiac cathctenizabion data or angiographic pic
tures are avahble for these patients Therr precarous state on admission
and therr cxcellent response to treatment make most cautious obseryers
shy away from these potentially dangerous mvestigative procedures

Course anp Procosis
If treated properly the congestnve falure in these despemte])’sld\
fants disappears within a few days or wechs However a satisfactory
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Figure 233 Electrocardiographuc patterns m infants with coarctation of the aorta
and congestne falure A companson of tracings under six months and over six
months of age 19%

SusMARY

In nfants with the severest degrees of aortic block congestive
failure may develop The diagnoss 1s based on the presence of relative
hypertension of the arms The electrocardiogs and r
are always grossly abnormal Anticongestive measures are usually suc
cessful in tiding these patients over until operation can be casily per
formed at an appropnate age

Coarctation of the Aorta with Left to Right Shunt

Whereas most patients wath coarctation of the aorta have no com

ucation between the systerme and pulmoniry arcuits and the sys
tolic overload 1s carried entirely by the left ventnicle a number of
patents have been encountered m our chmic 1 whom coarctation of
the aorta was accompimed by defimte and even marked pulmonary
plethora and nght ventricular hypertrophy The anatommue situation
usually reveals a ventnicular defect or.a patent ductus. artenosus opening
above at or even below the sitc of the aortic block
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CrinicAL PicTure

Symptoms of exerttonal dyspnen fatigue repented sesere respiratory
mfections and failure to thrive mamfest themselves carly i these pa
tients In terms of scvanty of symptoms these children rank between
the patients with sunple coarctrtion and the infants who have congestine
farlure On the whole the prescnting complamts are more charactenstic
of patients who hase It to riht shunts than of those with coarctation of
the aorta

At pivsical exaninabion the patients are usually poorly developed
Csanosis ind clubbing are bscent but the fingers and tocs are commonh
Bery red Lift chest deformity wath a hy perdynamic combined sentricu
Yar mpulse 15 the rule a thnll 15 frequently present at the left sternal
border Esvidences of mild et sided or nght sided congestine fatlure
may be noted Relative hypertension of the upper extremities 1s present

The observations at auscultation vary depending on the site of the
communtcation between the systemic and pulmonary circulations e
hive not encountered anv patient with an atnal communication so fr
1f the communieation 1s through a lyrge patent ductys wtenosus (which
madentally 1s the most frequent site) and the pulmonan vascular
resistance 1s rclatnely low a typical machinery murmur may be heard
1f the ductus 1s small or the pulmonary vascular resistance 1s near the
systemic level only a second left mterspace systolic murmur 1s noted If
a veptncular defect forms the communication between the left and nght
sides the murmur typrcal of ventricular defect may be heard of the shunt
1s sizable If the opeming 1s small Iittle of any murmur can be observed
The second sound at the pulmonary 1rea 1s always boommg a mid
drastolic rumble 1s present if the shunt 1s Irge

The roent ! preture 1s ch of the large left to nght
shunt group (Fig 234) A sigmficant degree of cardiac enlargement
mvolvng both ventncles aind often the left atrium 15 present Pulmonary
plethora with eapansile pulsations 1s umformly noted The mamn pul
monary artery 15 usually 1arge and active the aorty vanes considerably
m size and activity

] di

Iy bined sentricular hypertrophy
noted without selective atrial hypertrophy Intraventrrcular conduction
disturbance 1s common (Fig 235)

Cardiac cathetenization (Fig 236) reveals the following (1) A
left to nnght shunt 1 present at the ventncular or pulmonry artenal
Tevel (2) Pulmonary arteral and nght ventnicular hypcrtension exists
(8) “Pulmonary capillary” pressure 15 elevated and the brachial artenial
tracing 1s charactenistic of coarctation of the aorta (4) Therc 15 artenial
oxy gen saturation of 91 to 95 per cent at rest without any sigmficant
fference 1n arterral oaygen content between the right brachial and
femoral artenres (5) The pulmonarv and systemuc resistances aré i
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Figure 234 P and oblique rads of patient with
aorta patent ductus artenosus and a left tonght shunt

of the

creased to varying degrees (6) Occasionally the catheter enters the
aorta through a ductus or the left ventnicle through a ventncuiar defect

As a rule angocardiography fais to demonstrate the coarctation
because of the dilution of the dve by the admixture of svstemic blood
Since the shunt 1s predommantly left to night the site of the communica
tion 1s also seldom revealed

CouRsE AND PROGNOSIS

The natural history of these pabems 1s strmlar to that of others who

have pul y hyp d with a between
the two cucm(s The s)mptoms may be rather serious during infancy
and early chiddh t perhaps Jary to the develop

ment of medial and mumal changes m the pulmonary artentoles oceurs
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Figure 235  Elec uf patint “uh of the aorta and patent
ductus artersosus nd a ldk to-nght shunt \ote nght aus deviation and combined
sentricular hypertrophy

at about four to five yeurs of age and Jsts through the first two decades
of hfe In early adulthood severe dvspner on evertion develops ths 1s
followed by evanosis congestive fatlure and death

DrFFrrEnTIAL DLAGNOSIS

The differential diagnosis of thus svudrome s particularly wopertant
m respect to coarctation of the aorta with a systemic nght and left
ventricle that 1s a ductus carmmying pulmonary artenal blood into
the distal part of the gorta The similintes between the two groups
are stnhing Patients m both groups hawve the tvpical blood pressure
findings of coarctation of the vorta assocrated with some evidence of
nght ventnicular hypertropls  as shown on the roemgmogmm and the
electrocard 1 add; to of
the patients with sy stemic nght and left \cntncle 15 often possible by (1)
definite evidence of ¢y mosis particularly over the left arm and the lower
half of the body ("’) severe or exclusne nght ventnicular hypertrophy

1

g to the electr 1 m and (8) absence of a sigmficant or
typreal murmur At cardiac catheterization no evidence of a left to ngh:
shunt 1s found and the pul y artenal p 15 Iugher or 1d:

with the pressure i the femoral artery The catheter often enters the
descending aorta
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Figure .36 Diagrammabc presentation of findings of cardiac catheterization 1n a pa
tient with coarctation of the aorta patent ductus artenosus and left to nght shunt

TREATMENT

Medical of mf and e failure preop

ly and ly ob ly 1s ind d Surgical removal

of the aortic block should be undertaken only if the parents are willing
to assume the considerable nisk (at least 25 per cent) mherent 1n the
procedure At the time of operation the ductus arteriosus should be
divided as well The purpose of surgical intervention over and above
the usual ones hsted m the scction on simple coarctation of the norta
is to forestall progression of the pulmonary vascular disease In my
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experience the more severe the pulmonary vascular obstruction the more
hazardous 1s the operation If the pulmonary vascular resistance has
serched vl at which the shunt is aaclusivddy or predommantly from
ripht to left then the oportive nsh becomes prolulutne as long as at
least put of the time the shunt is from Ieft to nght opcration should
probably be attampted

~Surimary

The prescnee of nght ventncular hyportrophy  wd  pulinonary
plethora m patients with corctation of the aorty suggests pulmonary
arterial bypertension wd a comnunication between the systemic and
pulmonary circuits The most common site of such 4 commumcation 1s
2 patent ductus rtcnosus  dthough ventnenhr defects are also seen
occasionallv - Surgery 1y mdicated as long as the shunt 1s predommantly
Icit to nght aithough the mortality rate 1s high

CoanctaTioy oF T Aorra witn Systesuc Ricur awwp Lerr VeEvtmicLEs

Incience

This type of congemtal heart disease s relatively rare m patents
beyond the neounatnl period It ts 1 commeon cause of death w early
infancy however

ANaToMy

The prneipal arculatory abnormality in these patients 1s the pres
cnce of a large patent ductus artenosus-opening helom a coarctation
and supply the dq ding aorta with pul y artenial blood The
coarcted segment may be short or miy extend for several centimeters
along the gortic arch but 15 usually proumal to the ongmn of the left
subclavian artery More often than not tlus 1s a complex anomaly it may
be associated with congenutal qortic or mitral valyular disease wathis-
the framenork of endocardial fibroclastosts, but it_also_may_occutn
conjunction with ventriculir septal defects and particularly wath com
plete transposition of the great artenies 1 believe that thes 1s the anomaly
formerly referred to rather loosely as “ifantile” coarctation of the aorta

Pr1sIOLOGY

The phystologie effects of the malformation depend to a great etent
on whether or not it 1s assocrited with other major eardiac anomalies
If endocardial fibroelastosis or transposition of the great artenes 15
present obviously there will be severe and early alterations i the hemo
dynamic picture If coarctation of the aorta 1s the only anomaly present
then during fetal hfe the airculation will not deviate significantly from
pormal except for the probable p of Jeft v lar hyp h:
Aifficulties wall anse however as soon as the shift toward estrauterine
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circulation begins At this tune the ductus arteniosus does not normally
close but rather furnishes the lower half of the body with blood Thus
nght ventncular hypertension 15 mamtamed and the lower extremitics
recene unoxygenated blood

CriniCAL PICTURE

In the neonatal peniod there 1s severe left ssided and nght sided
congestive faiure dyspnea cyanosis and feeding dificulties dounate

the picture At physical the osis 15 usually hzed
O 1y a diffesontial is noted the upper half of the bady
especially the nght hand baing pink and the lower cxtremities showing
defimte bl Chest def; 1 most often 1t consists 10

a sigmificant mcrcase n the anteropostenor diameter of the chest The
cardiac impulse 1s usually hyperdynumc and 1s maximal at the xphoid
process

Auscultation seldom contributes anything specific to the dugnosis
A blowmng systolic murmur and possibly a low frequency diastohc
murmur 15 usually heard at the lower left sternal border with the
systolic component transmutting well to the nech and the bach The sec
ond sound at the pulmonary area 1s usually accentuated Rales are
commonly heard over both lung felds and the liver 15 ¢nlarged but not
pulsating,

The femoral pulses. are-weal and late,-hut-seld bsent In the
majority of mnstances the systohe pressure in the upper extremities 1s
definitely lugher than n the legs however there are infants uath coarc
tatton of the aorta and systemtc nght and left ventricle in whom no
pressure gradient between the upper and lower extremities exists be
cause of the ssmultaneous presence of a large ventnicular defect resulting
n equal systolic pressure i the two crrcwits

Roentgenologie examination reveals marked cardiac enlargement
myolung all chambers with pulmonary vascular engorgement (Fig
237) At fluoroscopy the cardiac beat 1s poor and expansile pulsations
are rarely noticeable None of the charactenstic evad, of
of the zorta on the esophigus mentioned before can be noted 1n these
babies

The electrocardiogram nvanably reveals nght ventnicular hyper
trophy of abnormal degree with or without simultaneous evidences of
left ventncular hypertrophy (Fig 238)

No adequate angiocardrographic or cardiac catheterization studies
on our patients are available they are usually too sich to be subjected to
these procedures The one physiologie evidence which 1s relatinely easy
to obtain and furmshes a defimite clue to the diagnosis 1s the measure
ment of the pressure wd the oxygen content simultaneously m the nght
brachial and one of the femoral artenes As mn cases of a “reversed
ductus” the oxygen content n the femoral artery 15 appreciably lower
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Figure 237 P and obhque rad of patieat with coarctahon
of the aorta and systemic left and nght ventricles This patient was about nme 3ears
old when this film was taken

than that m the right brachial artery but 1n addition m most mstances
the systolic pressure 1n the lower extremities 1s also sigmificantly lower
than 1t 1s m the radial arterv

Counsk AND ProcNosis

Most of these babies die within the first days or weeks of fe
1 congestive fallure A minonty of them perhaps through 1djustments 10
the pulmonary vasculature 1% manage to surinve the neonatal perod and
may live for several years The actities of these patients are always
severely mited they are marhedly cyanotic and are bordening on con
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Figure 238 Electrocardiogram of patient with coarctation of the aorta and systemic
left and night ventricles Note the marked degree of nght ventricular hypertrophy

e

gestne fallure most of the ime Death usually occurs within the first
or second decade

DifrereNTIAL Discnosts

The diff 1 d of of the aorta with systemic
nght and left ventricle may be approached from two aspects (1) The
differentiahion of this speaific type of coarctation of the aorta from all
other types d may be lished with certamty only if
femoral arterial and nght brachial artenal pressures and oxygen contents
are measured simultaneously The anomaly should be suspected how
ever w any patient more than six months old with coarctation of the
aorta i whom nght ventnicular hypertrophy 1s present 1 the electro
cardiogram

2 The second aspect of the differential diagnosis 1s the problem of
newborn mfants m severe congestise faillure who may or may not have

of the aorta Ob ly the discovery of relative hypertension
m the arms establishes the diagnosis easily however sometimes m
newborn 1nfants 1t 1s difficult to determine the blood pressure and to
mterpret 1t correctly As a rule if some degree of cardiac compensation
can be accomplished with vigorous anticongestive measures the correct
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blood pressure values are much casier to determine If compensation
cannot be achieved and 10 accurate diagnosis 1s desired for these desper
ately sich mfants cardre cathetenzation may be tempted more to rle
out other dngnoses thm to estabhsh the presence of a coarctation of
the aorta

TreaTveNT

Medieal treatment may improve congestive fulure to a considerable
extent but obviously 1t cannot postpone for minv years the mncvitable
ond

in older chuldren opcrition has almost alwavs been fatal the situa
tion bemg rdentical to that m patent ductus arterosus wath pulmonary
vascular obstruction * ¢ In some of the younger mnfapts i whom pre
sumably permnent orgamic pulmoniry visculir obstruction has not yet
dovdoped surgery has been successful 31 370

At The Clildrens Mcdical Center m Boston our policy 1s to treat
all mfants with coarctation of the aorta nd congestive falure with ant
congestive measures If prompt and lsting improvement occurs, we
assume that the patient has coarctition of the aorta with systenuc left
ventricle and congestive fulure If the medica! regumen 1s unsuccessful
optraton at high nsh s recommended and the surgeon 1s warned of
the possibility that a ductus arteriosus may open bclow the coarctition
and may carry blood from the night to the left side of the circulation

Suaniany

Corrctation of the aorta with systenie nght wd left ventnicle should
be suspected in every patient i whom thure s relative hypertension of
the upper extremittes and electrocardiographic evidence of right ven
tricular hypertrophy 1n ifants less than sin months of 1ge this repre
sents only presumptive evidunce but i older children it as hughly
suggestve The diapnosis may be confirmed bv simultaneous nght
brachial and femoral artenal blood samples and pressure tracings Medt
cal management 15 usually not successful At best 1t may prolong hfe for
only a few vears In older patients surgery 1s hopeless 1 young mfants
good results have been reported 1 a fow mstances

AORTIC STENOSIS

GEnERAL PRINCIPLES

Untl recently wortic stenosis was exclusively an anatomic concept
a narrowing of the Icft ventizcular outflow tract at postmortem exanuna
tion was considered to indicate aortic obstruction The chnical profile
was based entirely on patents whose diignosis was confinmed ana
tomscally a situation simular to that of pulmonary stenosis ten years
ago that 1s before the mtroduction of right heart catheterization With
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Table 30
DIFFERENTIAL DIAGNOSIS OF VARIOUS TYPES OF COARGTATION OF THE AORTA
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See Table 26 (p 303) for explanaticn of syrbols

the advent of feft heart catheterization it secms likely that a physiologic
defimtion 1e presence of a gradient between the left ventncle and
the aorta will supplant the old anatomic concept, and new 1deas 1n terms
of frequency of the condiion climcal picture and prognosts will be
introduced For the purposes of this discussion however the diagnostic
criteria based on the old anatomic defimtion of aortic stenosts wall have
to prevail Therefore at present, the diagnosis of aortic stenosis 1s made
on the basis of the following chmceal findings (1) a second nght anter
space “stenotc” systolic murmur with good transmission to the nech and
the bacl, (2) endcnces of left wenmcular hypertrophy or enlargement
on the 1 and (8) no evidence of a
left to nght or nght to—leﬂ shunt

A number of other ciiical findings will be mentioned later but
these three are the only ones essential for the diagnosis

According to the latest data concerning adults with aortic stenosis *4
the prneipal etwlogic factors causing this anomaly are rheumatic fever
and arteriosclerosis Since for all purposes artertoscl does
not occur 1 childhood and smce the deselopment of rheumatic aortic
stenosis 1n all well documented cases takes several years presumably
all young children with aortic stenosis have a congemtal leston One
further pomnt, first emphasized by Kiloh'® and later mentioned by
Levine ¢ 1s that a history of sheumahic fever 1s rare m pure aortic
stenosis whereas 1t 1s common 1n patients with combined aortic or multy
valvular lestons On this basis then all cluldren mn whom the murmur
of aortic stenosis 1s discovered before the fourth year of age certamly
have a congenital lesion \Most Likely all those less than eight years old
m whom such a defect 1s diagnosed and who have ™o history of rheu
matie fever werc born with the discase A third category of patients (not
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to be discussed here) are adults with pure aortic stenosts 10 whom the
presence of a congemtal lesion camot be proved but should be sus
pected 199

Incioence

Congenttal aortic stenosis thus defined 15 not one of the more com
mon congemtal cardine anomahes but 1t 1s far from bemg 2 rire conds
tion No wccurate figures on ats frequency m hving patients are avalable
Abbott found twenty three mstances m 1000 postmortcm exammations
We have had sity scven patients with congemtal aortic stenosis i our
chinte within the past five years Tahing scveral factors into considera
tion 1t could be estiunated that more than I per cent of the clildren two
years old or older with congenital heart discase have pure aortic stenosis

ANATOMY

Congcmtal aortic stenosis may be divided anatomically mto vabular
and subvalvalar types In the valvulir type the cusps are thickened and
my be fuscd to form a dome shaped diaphragm with a central opening
and a g 1e il of the Iing arch of the aort1 Whether
congenital valvular stenosis 1s truh a developmental anomaly or 1s the
result of endocardi1l fibroehstoss localized at the aortic valve 15 difficult
to decide chimcally but both situations probably exist Subvalvular or
subaortic stenosis usually consists of 1 fibrous ring encircling the left
ventricular outilow tract approximately 5 to 10 mm bclow the aortic
ning and often mvolvuing the anternior cusp of the mutral valve This
defect n contrast to the valvular lesion s probablv always develop
mental m ongm

Embryologically speaking the valvular lesion probably occurs at
about the seventh mtrauterme weeh and thus later than the subvalvular
This may be the reason why valvular lesions are not commonly ssocrated
with septal defects whercas occasionally subaortic stenosis does occur
with a ventricular defect Conversely since endocardial fibroelastosis
commonly causes valvular aortic stenosis a combmation of svalvular
aortic with mitral stenosis and even coarctation of the aortr may occur
whereas an assoclation of subnortic stenosis (presumably a develop
mental lesion) with coarctation 1s practically never seen

PHysioL0cY

The principal physiologic burden of aortic stenosis 1s carned by the
left ventricle The problem 15 to mamtain n adequate flow and pressure
m the systemic circut through an onfice which 15 reduced in size Anmmal
expeniments® mdicate that a reduction of the lumen of the aorla to at
Teast 25 per cent of its onginal size is necessary before sigmificant anter
ference with blood pressure pulse pressure or cardmc output occurs
Since the caleulated area of the nortic onfice n adults is usually est
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Figure 239 Simultaceous aortie and brachial artenal tracings with an electrocardio-
gram as 2 reference tracing 1n patient with severe aortic stenosis Note the slow nise
of the traung particulurly 1 the aorta and 1 ¢ wide platean with the double notch
A dicrotic notch 1s present 1n both the aortic and brachral artenal tracings

mated to be 25 to 353 sq cm  probably no f f with
the curculation occurs at least n the acute eapeniment until 1t 1s reduced
to less than 06 sq cm ™4 If the size of the q0rtic onfice 1s reduced below
tht critical level compensatory mechanisms are called mto action  the
left ventricular diastolic volume and derably later the end diastolic
pressure wncrease 1 order to elevate the left ventncular peak systohie
pressure Isometric contrachien 1s shghtly longer ejection time and total
systole become considerably prolonged The pressure within the left
ventricle may nise as high as 200 to 250 mm  of mercury but seldom
higher The aortic and penpheral artenal tracings show a slow rise with
a low anacrotic notch or slur a wide plateau wath vibrations correspond
g to the systohc murmur and 1 slow descent often with an absent
dicrotic notch (Fig 239) As the left ventricle attemp s to maintat the
necessary systolic pressurc it hypertrophies and its oxygen needs w
crease At the same time the coronary blood flow does not wmcrease
proportionately 1t may even become smaller because of (1) 1 olsement
of the coronary ostia 1n the stenotic process (2) shortening of diastole
the time when the coronary artenes fill {3) the squeezing cffect on the
coronarnes by the lugh left ventricular systolic pressure and (4) possibly
a suction effect on the coronary osta by the high velocity flow through
the small sortic opening As a result of 1l these factors and the mcreased
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to be discussed here) are adults with purc 1ortie stenosis 1n whom the
presence of 1 congemtl lesion cinnot be proved but should be sus
pected 18°

IncipENCE

Congenital 1ortic stenosis thus defined 15 not onc of the more com
mon congenital ¢irdric anomahies but it 1s far from bung a rare conds
tion No accurate figures on ats frequency in Iiving pateents are available
Abbott found twenty three instances i 1000 postmortem cxaminations
We huve had sixty seven patients with congemtil aortic stenosis in our
chme within the past five vears Taking scveral factors mto constdera
tion 1t could be cstimated that morc than I per cent of the cluldren two
years old or oldcr with congenital heart discase have pure aortic stenosis

ANATOMY

Congenital aortie stenosis my be dnided anatormcally into valvular
and subvalvulir types In the valvulir type the cusps are thickened and
may be fused to form a dome shaped diaphragin with a central opening
and a poststenctic dilatation of the ascending ~rch of the aortn Whether
congenital valvular stenosis is truly a developmental anomaly or 1s the
result of endocardial fibroelnstosis locahzed at the aortic valve 1s difficult
to decxde chimcally but hoth situattons probably eaist Subvalvular or
subaortic stenosis usually consists of 1 fibrous nng encircling the left
ventricular outflow tract approumately 5 to 10 mm Dbelow the aortic
ring and often mvolung the antenor cusp of the mutral vale This
defect 1n contrast to the valvular lesion 15 probably always develop-
mental m origin

Embryologeeally spcahing the valvular lesion probably occurs at
about the seventh mntrauterine weeh and thus later than the subvalvular
This may be the reason why valvular lesions are not commonly associated
with septal defects whereas occasionally subaortic stenosis does occur
with 1 ventnicular defect Conversely since endocardial fibroclastosis
commonly causes valvular aortic stenosis a combmation of valvular
aortte with mutral stenosis and even corrctation of the aorta may oceur
whereas an association of subnortic stenosis (presumably a develop
mental lesion) with coarctation 1s practically never seen

PuysioLocy

The prmeipal physiologic burden of aortic stenosis 1s carried by the
Jeft ventricle The problem 1s to muntain an adequate flow and pressure
1 the systemic crrcutt through 1n ontfice which 1s reduced 1n size Animad
expeniments® 3 indicate that a reduction of the lumen of the aorta to at
least 25 per cent of 1ts onigimal size 1s necessary before sigmficnt wter
ference with blood pressure pulse pressure or cardiac output occurs
Since the calculated area of the aortic onfice mn adults 1s usually est1
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Figure 241  Phonocardiogram of patient with aortic stenosis “ote the early
hamond shaped murmur at the sccond nght interspace ITn the [eft hand tracing the
carotid artery serves as a reference whereas m the nght hand tracing an electro-
cardiogram 15 used for reference tracing

EEREPERES

Figure 242 Phonocardiogram of a patient with aortic stenosis on a congenutal basis
associated with aorhc regurgitation \ote the early diamond shaped systolic murmur
followed by the long distolic murmur lasting throughout most of diastole

was maxmal at the second nght mterspace 1n the others it was best
felt at the Jower left sternal border or even at the apex At auscultation
the heart sounds seemed essentially normal usually the second sound
in the dortic area was normal or shghtly dimimshed only seldom ac
centuated, A late systolic chick at the aortic area Wwas noted in some
patients & The svstolic murmur at the aortic area was at least grade 3
to 4 10 intensity and was always stenotic Careful auscultation suggests
and ph d d that the d d of the aortc
stenosis murmur teaches ats peak early at about the first thurd of systole
(F1g 241) Swedish obseners found good correlation between the in
tensity of the murmur 1its duration the time of its axumal intensity and
the seventy of the lesion #** So far our espenence has failed to confirm
this obscrvation

Dhastolic murmurs were noted 1 twelve of gur sixty seven patients
Most of these were grade 2 to 3 early hugh frequency blaws (Fig 242)
some were md-iastohe rumbles The systolic pressure aver the upper
and lower extremuties was within normal hrmits 1n most mstances The
pulse pressure was normal 1n fifty four of the sty seven patients n
eight instances 1t was less than 20 aud m five 1t was morc than 50

Roentgenologic examynation 15 not specific ;n most cases Shight left
ventricular enlargement was noted m about half of our pabents m
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Figure 243 Summany of chmsed laboratory tests in sty seven pitints wath con
genmital aortie stenosis

twenty eight the ding aorta was p and showed mereased
pulsations (Fi, 243)

The dectrocardiogrun (Fig, 243) was wathun normal linuts i only
25 per cent of our cases m the others left ventnieular hypertrophy of
varvung degree was observed Some of these completely asymptomatic
patients showed the most severe progressne  left ventncular hyper
trophy with cvidences of stram (Fig 244)

Rught heart cuthctenzation usually shows no sigmificint abnormalt
tics at rest Ilowever m the scverest cases of aortic stenosis there 1s
usually a relatvely fiacd cardiac output and 1 moderately severe increase
mn the “pulmonary capillany™ pressure on oseraise Left heart cathetenza
tion may furmsh direct evidence m regrd to the nature nd seventy
of the lesion by bling, the cardial to tctually the gradient
across the aortic valve and by relating this to the cardiie output to
determine the size of the tortic onfice Patients wath the severest aortic
stenosts have a gradient across the salve of 100 to 150 mm of mercury
although probably ny pressure difference betwecn the left ventncle and
the aorta of more than 40 mm of mercury indicates significant disease

Analysis of the brachial artenal pressure tracmg alone or within
the frimework of cardine catheterization has been ndvocated by Gold
berg and his associntes’® as the most practical metns of assessing the
seventy of the stenosis These 1uthors pay particular attention to the time
mterval between the onset of the mse m the bracli artenal tracmg
and the peak of systole in thewr patients with nortic stenosis this ttme
nterval averaged 020 second whereas m a few normal persons the
average was 003 second Other features of the brachal artenal tracing
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Figure 244  Severe left ventacular hypestrophy dexelopmg 1n a patient with con
genutal zortic stenosss 1 2 four year peniod In the top tricing n 1950 T waves 19
leads I and Vg are upright whereas in the bottom tracing 1 1954 T waves m these
leads are inverted Also note the mcrease m yvoltage in the chest leads 1 1954

which they mentioned are the presence of an anacrotic notch and a
double peaked platean In our hands and in the eapertence of others
the brachal arterral tracing although a useful measurement ndeed has
failled to gne adequate informauon m all instances

Angrocardiography 15 of Iittle help in the diagnosis or evaluation of
aortic stenosis

Course AND Procosis

Although most children with aortic stenesis have few if any svmp
toms and lead entwely normal Ines through childhood and adolescence
we have had five sudden deaths among_our sisty seven_paticnts (Table
31) On the other hand we know from recent studies on 2 large number
of patients with pure aortie stenosts that their averige hfe expectancy
is more than sixty years

Therefore the queshon confronting the pedatne cardiologst 1s
which patient will die of coronary disease and congestnve fulure at the
age of sixty and which will drop dead suddenly m early adolescence
after mimimal physical exertion such as nding a bicycle? Obyvioush
there 15 no simple answer The only clintcal hint as to the seventy of the
disease 15 furnished by the electrocardiogram It 1 my opimon that
although one cannot be cestain that an aorhie or subclavian aneurysm
may not rupture n a child with a perfectly normal electrocardiogram
the of severe and eleft lar hypertrophy with
strain inereases significantly the danger of sudden death

Death from aortic stenosis 1 children 1s almost pever due to con
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Table 31 Causes of Sudden Death 1y 5 Patients among 67 Children with Con-
gemital \ortic Slenoss®

Yge dctirty at D ath Sym toms Flectrocard ogran tautof sy
5 Ylayingmn yard — Normal Rupture of L subclavian
ancurysm  salv sic
nosis
[ Fatgue LVH without T Notdone
changes
8 Tlayingn field Tatigue LVH with ST Notdone
lDa)l‘szn}""th and‘1 changes
13 Comung home Dyspnea++ LVH with ST MNotdone
from play and Tchanges  Extreme LV H
14 Bowlng and ? Asthma LVH wihT Myocardial fibrosis
basketball changes Valvular stenosis

* Note that in only one out of the 5 was the clectrocardiogram normal In 4 of them
severe left ventricular hypertrophy was present tn 3 of these with marked S-T and Twave
changes

gestive farlure probably ischemic heart discase with ventricular Bbnlla
nion 15 the most common cuse of death Death mn congestive failure may
occur mn mfants with severe aortic stenasis

Drrrerentiat. Disenosis

The differential dingnosis of congemtal aortic stenosis usually does
not offer any great difficulties

Rheumatic Aortic Stenosis  Usually sheumatic aortic stenosis can
be exeluded easily on the basis of the age of the patient the absence of
1ortic regurgitation or multnalvular involvement and the absence of a
Instory of rheumatic fever

Aorhic Regurgitation  Pure or dommnt aortic regurgitation of a
congenital nature 1s extremely rare 3¢ although I believe I have seen
patients with this anomaly Obviously the etiologic evidence 1n these cases
1s purely circumstantial The murmur and pulse pressure should make 1t
evsy 1o disungmsh free aorhic regurgitation from aortic stenosis assocated
with the shght murmur of aoric regurgitation

Pulmonary Stenosis In 1ts mildest form pulmonary stenosis with
out right to left shunt may be difficult to differentiate from mild aortic
stenosis Both conditions are charactenzed by a “stenotic” systolie mur
mor and m both electrocard: and roentg are normal
The two most useful clues 1n the differential diagnosis are the site of
maximal intensity of the murmur and the relatie  mtensity of the second
sound in_the aortic and_pulmonary wes_Occaswonally no accurate
deaaston can be made on the basis of these cntena howeser Under these
crrcumstances cardiac catheterization may prove or disprove the presence
of pulmonary stenosis However the more conservatne cardiologust prob
ably will do nothing about these children since winchever disease they
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have 18 muld enough not to cause any significant change mn the electro
cardiogram and thercfore the differential diagnosis 1s of no real prog
nostic or therapeutic importance

Small Ventricular Septal Defect The differences between aortic
stenosis and a small ventricular septal defect of the Roger type are dis
cussed on page 312

TREATMENT

Chuldren with severe valyular aortic stenasis should be treated sur
gically by means of valvotomy 3% Whether the transventnicular or the
transaortic approach 1s to be preferred 15 a subject of hvely controversy

The seventy of the lesion can be roughly assayed by electrocard:
ography and more definitely appraised by left heart cathetenzation At
this time I beheve that the aortic valve area and the gradient across the
aortic valve should be determined m every patient with congenital aortic
stenosis 1 whom clectrocardiograms show severe and progressive
changes If the patient has a large enough left atnum (on » ray exanuna
tion} to allow left atnal puncture combined left and nght heart cath
etenization should be performed If the left atnum scems too small
thoracotomy may be performed and the pressure gradient and the
carthac output may be determined at operation Frobably valvotomy
should be performed m every patient who has a valve area less than 06
sq cm or a pressure gradient across the valve of 40 mm of mercury
or more

It 15 dufficult f not ble to determme cl Iy whether the
stenosis 1s valvular or mfundibular It 1s my distinet impression however
that the most severe cases of stenosis that 15 those m which operation
should be contemplated are usually valvular This impression 15 rein
forced by data i the hterature 3 and by personal communications from
my colleagues 18 197 33

The success of surgical treatment 1s difficult to evaluate Objectively
the transaortic gradient may be reduced at the operating table (Fig
245) and the electrocardiogram usually looks better six to eight months
after operation (Fig 246) The patients may feel better but many of
them have no symptoms to begin with To further complicate the evalua
tion of surgical aortic regurgitation ly develops post
operatively m most pahents {Fig 247) the mnfluence of this on hfe

0 13 hard to d

The operative mortality n children 15 low less than 10 per cent m

the hands of capable surgeons
Sumrtary

Children with pure aortic stenosis probably have congenital disease
Whether the stenosis 1s valvular or subvalvular cannot be determined
chuucally with accuracy but the patients with the severest disease usually
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Figute 248 Posteroantenior and obhque radiograms of a pabient with congenital
aortic regurgitation

described 1n the section on rheumatic aortic regurgitation (p 162) A
shght aortic systolic murmur was noted m all these patients but no
physiologic consequences of aorbe stenosis were observed No cardiac
cathetenization or anglograpluc data are mulible One patient has
severe attachs of parosysmal atrial tachycardin with the Wolff Parkmson
White syndrome but othervise all of them are essentinlly symptom free
at the end of several years of observation (Figs 248 249)

These patients are menhoned to direct attention to the fact that
congenital aortic regurgitation probably does emst although it must be
an extremely rare condition
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Figure 249 Electrocardiogram of a patient with congenital aortic regurgitation
VASCULAR RINGS

Vascular rings are congenital anomalies of the aortic arch and 1ts
tnbutanes causing varying degrees of compression of the trachea and
the esophagus Strctly speahing since no cardiac dysfunction 1s con
nected with them, these lesions probably should not be discussed m a
teatbook on pedratric cardiology However a brief discussion 1s mcluded
for the sake of completeness and because informahon concernng these
anomalies 15 1mportant to the pediatnigian Most of the data that follow
have been compiled by Doctors Robert E Gross! * and Edward B D
Neuhauser'st of The Childrens Medical Center of Boston

ANaTOMY

Although 1if one reviews the complicated des elopment of the aortic
asch and the branchual artery, one can easly tecogmze that there are
nnumerable possible vanations and permutations on normal develop-
ment only those anomalies severe enough to cause symptoms of sufficient
frequency to be of practical sigmficance will be discussed here There
are five such lesions (1) double aortic arch (Fig 230} (2) nght aortic
arch wath a left hgamentum artenosum (¥1g 251) (3) anomalous nght
subclavian artery (Fig 252) (4) anomalous wnomnate artery (Fig
253) and (5) anomalous left commeon carotid artery (Fig 254) In all
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Figure .50 Double aortic arch wath surgical divsion.13t
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Figure 251 Rught aortic arch with left hizamentam artenosum and its surgical
drason. t

these anomalies the trachea and the esophagus which normally Le
belund the vascular structures are swirounded by vessels

Incoence

These lesions are comparatively common Veithim ten years Gross® *
has seen fifty seven pattents with vascular nngs Therr relatve frequency
m hs senes 1s as follows double aortic arch, menty—oue noht aortxc
arch with left L fitteen
artenies twehe anomalous mnominate artemes seven anomalous left
common carotid artery two

Pmxstorocy

The consequences of vaseular nngs can be measured m terms of
encroachment on the trachea and the esophagus If the esophagus is
poncipally affected, s“alla“ mg dufficulties and vomitng occur whereas,
1f tracheal wheeang, and fre ep1
sodes of pneumoma may result.
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Figure 252 Anomalous night subclavian artery and its surgical division 31

Trachea relieved by

Ingominate artery
\compressmé ‘tackmg innaominate
trachca

artery to sternum

]

Trachea released by

eft common :uohd
artery presses tacking forward the
on trachea left com carotid art
Figure 254 Anomalous 1eft common carotid artery and s surgical division 18
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Figure 255 Esophagogram of patzent with double aortic arch

Crivicar. PICTURE

The climeal picture vanes constderably depending on the nature
of the malformation and the seventy of the obstruction Many of the
malformations particularly those of the anomalous rght subclavian
artery cause no symptoms Others may cause severe dificulties even
death 1n young infants

At phvsical exammation the children with severe obstructions are
extremely sich The typical patient 1s a small, poorly_developed baby
with a great deal of wheezing and stnndor To reduce the tracheal com
pression to a mimmum the cluld tends to keep his head i hyperea
tension Vonuting occurs frequently Feeding exaggerates the stndor and
the wheezing and may cause cyanosis Many severe respratory infec
tions occur Duning these respiratery infections the stridor and vomiting
mcrease as well

In some mstances one 1s mpressed by the fact that although these
fants are hungry and start to eat eageily after a few mouthfuls they
cannot swallow and may even regurgitate In others small quantibes may
be taken easily whereas large amounts cause discomfort and vomiting,

The heart on physical exammation secms compietely normal the
lungs may or may not show evidences of pneumoma Mild abdonunal
distention 15 commonly present

The electrocardiograms are well within normal lumts

Roentgenograms of the heart and cardiac fluoroscopy show no sig
nificant abnormalites Howeser by careful observation of the passage
of banum along the esophagus 1t 1s possible not only to estabhsh the
dragnosis of a vascular ning but also often to identify the structures
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T'tgure 256  Esophagogram of patient with nght aortic arch and left Lgamentum
artertosum

Figure 257 Esophagogram of patient with anomalous night subclavian arten

making up this constnicting nng Figures 255 256 and 257 demonstrate
the impression of the compressing, vessels on the barum filled esophagus
In order to ascertan the degiee of compression on the trachea as well
a Liptodol tracheogram should be obtuned after the dingnosis of a
vascular ring has been established by the lustory physieal exanun o
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Figure 260  Tracheogram of patient with anomalous mnomunate artery Note the
simultancous filling of the esophagus and the trachea

Angocardiograms 1re seldom necessary the diagnosis 1s usually
clear from the roentgenologic studies of the banum flled esophagus and
the Lipiodol filled trachea In the few mst m which ang; diog

raphy was performed the vascular structure was distinctly outhined

Course Anp PRrochoSIS

The symptoms of patients with vascular nng depend to a great
estent on the nature of the anomaly and the seventy of the compress:on
Children with double aorhc arch usually have symptoms consistng

of resp early m infancy However a
few mf:mls are pracumlly symptom free As a rule patients with a nght
aortic arch and left hgamentum arteniosum do not have symptoms untl
later 1 cluldhood the compression here also affects primanly the
tracher but it 1s not as severe as i patients with double ~ortic arch In
contrast to these two nomalies the aberrant subclivian artery seldom
causes any respiratory distress The majonty of the subclasian anomalies
arc completely asymptomatic and are compatible with a normal hie
expectancy However m severe cases dysphagia may result

The effects of 1 or left carotid arteries
are prmanly respiratory and usually occur early m infancy
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DirFEsENTIAL D1acnosis

Pamanly the differentinl diagnosis of vasculir rings concerns con
ditions causing repeated chronic respratory mfections n infants and
children Among these pancreatic fibrosts and trachco esophageal fistula
without esophageal atresia should be considered and evcluded by ap
p clinical "ch 1 and roentgenol e

TREATMENT

1f the vascular nngs cause symptoms and if there arc radwlogic
ewdences of compression operation should be performed The appro
prate surgical techniques have been described m detal *** The wm of
the surgical approach 1s to reheve the obstruction 1 cases of double
aothie arch nght aortic arch with left hgamentum arteriosum  and
anomalous right subclavian artesy this 15 1ccomplished by severng the
appropnate vessel In cases of anomalous mpommate or left common
carotid arteries obviously this cannot be accomplished without causing
severe damage to the bramn Therefore 1 these wnstances the compres

sion 15 relieved by sumply pulling the vessels and fastening them an
tenorly and to the side

/ Susonam

Anomalies of the aortic arch may cause compression of the esoph
agus and the trachea Depending on the nature of the anomaly and the
site of maumal compression respiratory symptoms or dysphagia may
domnate the picture Particularly cl 1c 1s the app of
respiratory symptoms at feeding time After prelimmary banum studies
of the esophagus and Lipiodol exammation of the trachea appropriate
surgacal repair 15 recommended f the symptoms are real and the com
pression 1¢ demonstrable

UNDERDK'VLLOPED LEFT VENTRICLE WITH MITRAL
AND AORTIC $TENOSIS OR ATRESIA

INciENCE

This 15 an extremely rare and complea anomaly Abbott! encoun
tered seventeen such cases and Ross1 ® mentioned thirty six 1nstances
deseribed m the literature We hase seen fourteen patients with this
condition 1 the past ten years at The Childrens Medical Center in Bos
ton Eight of our fourteen patients were males
ANATOMY

‘The lesion may be developmental 1n ongm m which case 1t a5 asso
ciated with other congemtal cardiac abnormahties (such as ventncular

septal defect] or it may occur with endocardial fibroelastosis without
accompanyng malformations
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Anatomically the most important finding 1s the hypoplastic or absent
left yentncle with Doth the nutral and the aortic onfices being small or
cven completely absent In addition the aortic arch 1s narrow up to the
pomt of entry of the ligamentum artcriosum  Lyvidences of endocardial
fibroclastosis may be plentiful within the wall of the small left ventricle
the left atnum and the valves Whether fibroclastosis mvolvng the left
ventricle 1s the primary lesion Iewding sccondanly to functional hypo
plasit of the left ventricle or whether the hypoplisii of the ventricle 1s
the basic defect 1s impossible to ascertun

PmsioLocy

Functionally the heart acts ke a two chambered heart The pul
menary venous blood enters the left atnum from which 1t 1s shunted
through the foramen ovale into the nght atrium Here 1t muxes completely
with the caval blood and enters the nght or single ventncle through the
tricuspid valve Only 1 small 1mount 1f any of the nght ventniculr
blood may enter the left ventniele and the aorta through a ventricular
defect The bulk of the nght ventniculir output cnters the pulmonary
artery wiich furmishes blood to the pulmonnry veins on the one hand
and to the systemic crremt through an unusually lige patent ductus
arteniosus on the other This arrangement results 1n a complete mixing
of the blood m the nght atnum 1 poor systemie output and a relatively
madequate pulmonary blood flow

Crinicar Picrure

Some of the sichest babies with congenital heart disense are patients
with this condition Dyspne and ¢y 1nosis are usunlly noted immeduately
after birth or certamly withm the first few days of Iife Feeding diff
culties and poor weight gain are the rule almost without esception

On phystcal examunation these infants are usually poorly deseloped
and m a great deal of distress Their color 1s pale with deep cyanosis
and their breathing 1s rapid and Ibored Ewvidences of left ssded and
nght stded congestive falure are present Left chest deformuty and
marked cardiac enlirgement m1y be noted within the first few hours or
days of hfe As a matter of fact these babies may show a greater degree
of cardiomegaly earlier 1n Dife than patients with any other cynotic
congemtal defect

Auscultation reveals surpnsmngly Ittle of sigmficance The second
sound at the pulmonary area may be accentuated often but not n
van1bly a grade 8 systolic murmur 15 heard at the left sternal border
However beeause of the critieal condition of these babies no accurate
or detailed auscultatory or phonocardiographic studies are availible
anywhere It 15 possible that as m so many other congemtal curdiac
anomaltes further careful study of the heart sounds and murmurs may
reveal a more consistent pattern than 1s apparent now
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Frgure 261 P and oblique n patient with 1 mutral
and aortic atresia with hy paplasuc left ventrcle

Roentgenologically (Fig 261) the most impressive feature 1s the
presence of marhed cardiac enlargement with normal or increased pul
monary vasculature at an early age All cardiac chambers especially the
nght ventricle seem big and the pulsations under the fluoroscopic screen
are usually feeble

The electrocardiogram shows marked night ventricular hypertrophy
(Fig 262) sometimes with evidences of left ventricular hypertrophy

No cardiac catheterization or angiographic data are available on
apy of these crtically 1ll babies

Course axp Prochosis

The disease has a rapid downhill course death occurnng within the
first few days or weeks of hfe Ross1  stated that the longest survaval
on record was four months Death follows with evidences of cyanosis
and congestive fallure The longest survival 1n our group of patients was
nineteen weeks
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Figure ®62  Electrocardiogram of patient with aortic and m iral atresia and hypo-

plastic left ventricle Note the prescnce of marked nght ventneular hypestrophy 11
the chest leads and ey dences of left atrial hy pestrophy 1 leads V5 and Vg

Dirrerevtiar Diacnosts

The differential diagnosts 15 a most difficult one smce it muolves all
conditions gnng nise to marked cardiac enlargement, cyinosis and cop
gestive falure 1 young infants Among these transposition of the great
arteries coarctation of the zorta with systerme nght and left ventncle
total anomalous pul y venous di Wi dequate mteratrial
communication and all varations of the two chambered and three
chambered hearts must be mentioned No clear cut clintcal differentiation
among these conditions 1s possible at present if and when techmeally
and philosophically 1t 15 feasible to perform selective angiograms on all
crtically all newborn mfants an attempt at differential diagnosts may

be possible

TREATMENT

Unfortunately there 1s no treatment available beyond the made
quate symptomatic measures designed to cope with infection and cott

gestwve failure
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Suvnary

A patient who has an underdereloped left ventncle with mitral and
aorhie stenosss or atresia 1s usually entically sl with an extremely large
heart cyanosts and congestive fatture The findimgs at auscultation e
nonspecific the electrocardiogram shows right ventncular hypertrophy
and roentgenograms reveal diffuse cardiac enlargement No treatment 1s
available Death occurs withm the first days or wechs of hfe

CONGENITAL MITRAL STENOSIS

In contrast to the patients with underdeveloped left ventncle and
mitral and aortic atresia a funchioming left ventricle 1s present in the
anomaly designated as “congemital mutral stenosis” The duwiding line
between the two malformations cannot be drawn sharply 1 many 1
stances the difference 1s quantitative rather than qualitatne

InCDENCE

Thus 15 a rare anomaly indeed Ferencz and her co workers'™ were
able to collect only thirty four cases from the literature to which they
added nine of their own We have seen three patients with congemtal
mutral stenosss within the past ten years

ANATOMY

Anatomically the lesion 1s seldom an isolated one associated endo
cardal fibroelastosts 1s usually found mn those patients with severe
stenosis who survive for more than a few days Simultaneous imvolve
ment of the zortic vahe and narrowmg of the aorta are relatively com
mon Septal defects except for an occamonal patent foramen ovale are
rare The consensus of almost all cardiologists 1s that whenever atnal
septal defect with mutral stenosis 15 present (that 1s Lutembachers
syndrome) rheumatic etiology of the valvular lesion cannot be excluded
with certamty The involvement of the mitral valve consists primanily of
a deformity of the chordae tend with thick
the valve leaflets themselves

and stife of

PuysioLocy

The h d of I mutral stenosis are
essentially the same as those outlined in the section on theumatie mutral
stenosis (p 151) If a patent ductus artertosus 15 associated with severe
congemtal mitral stenosis the pul y vascular ob dary

to the severe mutral block may result wm a right to left shunt through
the ductus

Crmvicat. Preture

The clinical picture of congenital mitral stenosts varies considerably
depending on the seventy of the lesion Most infants with severe disease
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have symptoms within the first few months of Ife occasionally a chuld
may be frec from symptoms for scveral years Shortness of breath,
underdes dopment and muld ¢y mosis are the most typical presenting
complunts

On physicil cxammation undcrdevelopment s the most strkmg
ferture severc ¢y mosis s absent \fild left chest prommence and a
aiphoid type of mmpulse we usuilly present Lyidences of left ssided or
nght stded congestin e fulure mav be present depending on the seventy
of the disese In our patints mitral mid diastolic and presystohe mur
murs were noted at auscultation but these were not present 1n the cases
deseribed by Ferencz and hier associates ' Accentuated first and second
heart sounds are common

The most chractenstic rocntgenologie finding 1s the presence of a
promunent left atnum m the nght antenor obhque view with evidences
of siymificant pulmonary plcthora Cardiae enlirgoment 1s only moderate
and mvolves the nght ventrcle m addition to the Jeft atnum (Fig 263)

The electrocardiogram shows nght yentnicular hypertraphy with or
without Icft atnal hypertrophy

Cardiac cathetenzation data are wvailable for only one of our pa
tients This child was an older girl in whom the congemtal nature of the
anomaly could not be asccrtained defimtely a sumlar case has been
reported by Lune and Shumacher 8 Ip both cises the hemodynamic
findings could not be distnguished from those associated with moder
ately severe theumatic mutral stenosis

In the typical case angrocardiography demonstrates a holdover of
the dve mn the left atrium for several scconds (Fig 264) This type
of exammation may also be uscful 1n estimating the size of the left ven
trcalar cavity and thus determuning the practicality of matral valvulo
plasty
Counse anp Procnosis

The prognosis for patients with congenttal mutral stenosis varies
considerably, depending on the seventy of the stenosis and the asso
ciated defects Infants with the severest stenosts and left ventricular and
aortic imvolvement resemble patients with an underdeyeloped left ven
tricle nd aortic atresia m tht they usually die witlun the Brst few
weeks of fe with pulmonary edema 1nd congestive fulure Others wath
relatnely mmor degrees of stenosis may Inve for several years wathout
severe disabihty

DiFFERENTIAL D1AGh 0SS
The diff 1d of congenital nutral stenoss 15 extremely

g
difficult often impossible
Rheumatic Mutral Stenosss  The only way rheumatc mutral stenosis

may be separated from congemtal mitral stenosis at present 1s by con
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Figure .63 Postcroanterior and oblique radiograms of patient with congenital
mitral stenosis Note evidences of Jeft atnial enlargement 1n the posteroanterior and
the nght anterior ablique vies 5

sidering the age at which heart disease was discovered However smce
cases of rheumatic fever have been reported recently mn young infants ©
even this landmash may prove to be less relable than was thought pre
viously

Underdeyveloped Left Ventricle with Aortic and Mitral Atiesa
Patients with congenital mitral stenosis are distingusshed from those with
underdeveloped left ventricle with aortic and mutral atresia by the fact
that wn the latter there 1¢ severe cyanosis and a large heart and the
fact that death occurs within the first few days of hfe

Endocardial Fibroel Endocard b

Tast

without

valvular 1 cannot be d hed from I mitral
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Figure 264 Angrocardiogram 1n a patient with congemtal mtral stenosis “ote
the sharp visualzation of the left atnum The dye lingered i this chamber for
several seconds (Angiogram courtesy of Dr O Hostermann Columbus O )

stenosts unless the characternstic murmur of the latter appears at an
early age

Pulmonary Vascular Obstruction  Pulmonary vasculwr obstruchon
should lways be considered m the differentin] diagnosis Primary pul
monary vascular disease 1s best 1dentified by the absence of both left
atnal enlirgement and charactenstic mitral murmur

Constmctne Band across the Left Atrum A constnctive band
Iying across the left atrium gives nse to high pulmonary venous pressure
above the band and relitively normal pressure between the band and the
mutral onfice This 15 wn extremely rare anomaly It may be thought of
if with a chnical picture of congemtal mutral stenosis no left tnal
enlargement 1s present

TREATMENT

Congenital mitral stenosis may be treated surgically if the condition
1s uncompheated and if coemsting endocardial fibroelastosts does not
male all attempts at mereasing left ventricular output futile Bower and
lus associates'® reported two cases m which surgical repair was at
tempted one patient survived

At present 1n my opmon if the patient cannot be substantially
wnproved by medical t P should be pted m early
mfancy However if the chuld can survive for a number of years mtral
valvuloplasty should be postponed until later using the mdications out
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NORMAL  GIRCULATORY
DYNAMICS

SYSTEMIC PULMONARY

Pressure = Flow x Resistance

Xxdy  eemB

Tigure 265 Normal pressure relationship betw cen systemic and pulmonary eircuits
Note that the pressure 1n the pulmanary circwt 1s only a fraction of that m the sy sterme
circuit Corresponding to this the resistance i the pulmonary curcwt 15 lower than the
systerme circmt, whereas the flow obviously in the two circuits 15 1dentical 90

lined 1n the section on rheumatic mitral stenosis (p 155) Results of
operation are not hnown because_of the small number of well docu
mented cases

Suvintary

Congemtal mitral stenosis should be suspected i an infant who has
d 1

of p y vascular ob a large left athum and a
mitral diastolic murmur The prognosis is poor m most 1nstances Opera
tion may be attempted

~
/THE PULMONARY VASCULAR OBSTRUCTION SYNDROME
GenERAL PRINCIPLES

The pulmonary artenal systolic pressure of normal persons 1s about
one fourth or one fifth of the systumic arternl systolic pressure (Fig
265) A sigmficwnt elevation of pulmonary arterial pressure may be the
result of either 2 marked increase i pulmonary blood flow or a sigmficant
ncrease i pulmonary arteriolar resistance with normal or even dumin
1shed pulmonary blood flow (Fig 266) In the pulmonary vascular

t d the pul ry arterial systolic pressure 1s elevated
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Pressure Flow x Resistance

xa w3

Figure 266 Pulmoniry hyperten ton and its relation to resistance and fow In the
uppcr left hand corner the normal p ilmonary vascular bed with normal flow normal
resistance and pormal pressure 18 represented In the upper nght corner pulmonary
hypertenston 1s based on lugh flow In the lower Ieft comer pulmonary hypertension
1s based on an increase of flow and sesistance whereas m the lower nght comer the
hypertension s based entwrelv on increased resstance ®

to levels identical with or closely approximating the systemic arterial
pressure because of a marked increase in pulmonary vascular resistance
Thus this syndrome becomes a physiologic entity with good correlations
between the calculated resistance and the actual histologic picture of
the pulmonary +isculature ® At our chmic thisirge mereise m pul
monary vasculr resistance 1s designated as the pulmonary _yaseulan
obstruction syndrome regardless of whether or not it 15 assocrated with
any other congemtal cardiac 1nomaly However cases in which the
pulmonary vascular disease 1s clearly secondary to another entity such
as mutral stenosis hyphoscoliosis or parcnchymatous pulmonary discase
are not ncluded in this syndrome Lookiny, at st 1n still another way we
include m the pulmenary vascular obstruction syndrome all patients with
“cssential pulmonary hypertensiont® 3¢ as well as all patients with
congemtal heart disease and markedly clevated pulmonarv resistince

INCIDENCE
The inadence of this condition cannot be estimated with any ac¢
curacy at this time If only the patients with “essential or priman
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pulmonary hypertension were considered the madence would be Jow—
not more than 1 per cent of the paticnts with congemital heart discase
If however patients with congemtal heart disease and pulmonary vas
cular obstruction are mcluded (which we consider reasonible) the
mcidence my easily become ten times as high This syndrome oceurs
more often m females thin m males

Anatony

Antomically speaking the small and medium sized artenoles of the
Iungs are the site of maximal mvolvement These vessels show vuymg
degrees of mtml and medial thickenng atheromatous plaques and
thromn in various stages of orgimzation The most common cardiac
anomalv associated with_thesc.vaseular changes-is a_defect of the ven
tricuiar septum although patent ductus_asteriosus coarctation of the
aorta and 1 older people even atmal septal defect may also occur

Pinxsior o6y

Physiologically as pomnted out earher the greatly mcrcased pul
monary resistance dominates the picture figures calculated from the
pressure gradients across the pulmonary bed and the pulmonary blood
flow show that the pulmonary resistance s equal to or lgher than the
systemic resistance This increase in pulmonary artenal resistance causes
marked pulmonary and nght ventncular hypertension and thus increases
appreciably the work of the nght ventncle and occasionally even that
of the night atnum  If the pressure m the nght side of the heart 1s mark
cdly elevated a night to left shunt occurs either through a septal defect or
through a forably opened foramen ovale

t{l\mu. Picrure

Mild degrees of pulmonary vascular obstruction 1n young children
may cause 1o symptoms at all In older cluldren with more severe dis
ease exertional dyspnea, transient or permanent cyanosis chest pamn
hemoptysis and syncope are noted Squatting rarely occurs

On physical examination the majonty of these patients are fauly
well developed Cyanosis of mild degree with shght clubbing s fre
quently though not wnvanably present The cardiac impulse 15 forceful
and 1s localized at the miphoid process At auscultation the most out
standing finding 15 the greatly accentuated, cven booming rather narrow,
second sound at the pulmonary area A grade 2 to 3 soft blowing systolie
murmur at the left sternal border 15 present 1 the majonty but not all
of the patients Patients with maximal pulmonary vascular obstruction
may have an early msufficiency blow at the left sternal border (Fig

267) No rud dastohic shunt rumble 1s audible at the apex m these
children
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Figure 267 Phonocardiogram 1n a patient with mirked pulmenary vascular obstrue-
tion Mote the rclatinely unmnpressise systobe murnur 1ad the long loud diastohe
murmur at the fourth left mtorspace

Rocntgenologic examination reveals 1 moderate degree of nght
ventricular cnlargement md 1 prominent mam puhnonan wtenal seg
ment (Fig 268) The pulmonary vasculature charactersstically shows
accentuated llar marhings with dimumshed penpheral svasculature A
hilar dance may be present at Huoroscopy

The electrocardiogram shows varying degrces of night ventricular
hypertrophy with moderate P pulmonale (Fig 269)

Cardiac catheterization (Fig 270) reveals the following, dat1 (1)
There 1s shight 1f any evidence of a Ieft to nght shunt at the atnil
ventneular or pulmonary artenial level (2) There 1s night ventriculr
and pulmonary artersal hypertension 1 the systemic range (3) The
“pulmonarv capillary” pressure 15 normal or shghtly elevated with a
Irge pulmonarv artcry pulmonary capiliay  gradient The brachil
artennal traeing 1s normil (4) Mild or moderate artenial unsaturation 8
present (5) The pulmonary flow 1s only shghthy f any larger than the
systerme flow Pulmon iry resistance may be equal to or may even surpass
sy stermie resistance

The risk of cardine catheterization i this group of patients 15 Iigher
than average

Occasionally angrocardiography reveals 1 right to left shunt through
a ventricular septal defect It also demonstrates clearly the large pul
monary asteries On the whole however 1t 1s not a tremendously 1
formative procedure in this condition nd 1t 15 al o accompanted by
apprecrable nishs

Counse AnD PROGNOSIS
The general outlook for patients with the pulmonary vascular ob
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Frgure 268 and obhqy of patient with marked pul
monary \asculu obstmcuon

struction syndrome cannot be described simply because of the vaned
etiologre factors concerned In cases m which pulmenary vascular ob

struction 15 associated with a defect of the ventncular septum the com

manest cousse of events 15 that alreddy desenbed in the section on large
ventneular defects {p 318) The large left to-nght shunt with high
pulmontry artertal pressurc causcs progressne pulmenary sascular
changes and finally obstruction ¢ ! Evidences of underdevelopment and
congestive fallure dominate the picture 1 nfancy This 1s followed by a
penod of relative well being with increasing pulmonary resistance
which lasts throughout the first and most of the second decade Finally

there 1s a rather rapid downhill course n the late teens and twenties

with signs and symptoms of cyanosis and congestise failure
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Figure 269 Lead Yy m six cases of pulnonary vascular obstruction ¢ ndrome

B

In contrast to these patients 1 whom there 1s 1 gradual development
of the pulmonary vascular obstruction syndrome from a lrge left to
nght shunt are those patients whose pulmonary vascular obstruction
exists from carly childhood and 15 truly primary Thesc clnldren masy of
may not have an assocrited congemta] cardiac wnomaly Shght ¢y mosis
exertional dyspnca and undordetelopment cust from faney No lou
murmur puticululy no apreal diastolic murmur s ever present Cirdiac
enlirgement 1s 1w s shght Defimte night ventncular hypertrophy 1
shown m the electrocardiogrum from the begmning Tlis chinical prctuse
may persist for several ycars mnto the first and sccond decades without
sigmificant change Then m the teens or evrlv twenties something hap
pens the begmmng of catamenia pregnancy or 1 scvere pulmonary
infection may start the patient on a downhill course with ncreasingly
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Fioure 270 Diagrammatic presentation of findings at cardiac cathetenzation
patient with piImonary vascular obstruction syndrome

severe dyspnea on eaertion cyanosis syncope nd chest pamn Palbative
measures may prolong hfe for a few years

A thud group of patients will be mentioned only bnefly since 1t
consists almost entirely of adults In these pulmonary vascular obstrue
tion starts suddenly without any d of cardiac or pulmonary
disease 1n the past In other words these are people who have not pre
viously had a left to-nght shunt or evidences of early congemtal pul
monary vascular obstruction According to Castleman and lus assoa
ates % many of these patients have pnmanly thrombo embolic disease
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of the pulmonary ewcutt According to Wood #* the average survival of
these patients after the onset of symptoms 1s two years

Onc further pomnt to be mentioned 1n the prognosts of these patients
15 the fact that sudden death is relatively common It usually occurs m a
syncopl attich perhaps associnted with convulsions and probably due
to sudden dcerease of the cardiae output s a result of mercased pul
monary vascular obstruction Alse I have secn death oceur during cardiae
cathetenization angiography bone marrow biopsy and even while the
crreulation time was being determined by injection of Decholin

DiFrenentiAL DiAGNOsIS

The following entibies are the principal ones to be considered
Large Left to-Tight Shunt with or without Pulmonary Artenal
Hypertension  The group as a whole may be 1dentified on the basis of
marhed cardiie cnlargement umformly plethorse Jung felds hyperdy
namic cardiac impulse left chest deformity and apical diastohc rumble
Individual members of the group (atnal defect ventricular defect or
patent ductus artersosus) cin usually be recogmized chmeally by the
h 1stic i y ph electrocard; and specific
diolog; Cardiac cathetenzation 1s fi ly necessary to
confinn the diagnosis
Valvular Pulmonary Stenosis with Patent Foramen Ovale Valsu
lar pulmonary stenosis with patent foramen ovale may simulate the
chaical picture of pulmonary vascular obstruction syndrome n many
1espects  Exertional dyspner and mild cyanosis may constitute the
presenting symptoms in both groups It may be impossible to distingwsh
between the radiograms or the electrocardiograms 1 the two conditions
However the physical exammnation reveiling the charactenistic stenotie
murmur at the Jeft sternal border with an absent or decreased pulmonary

second sound usually blishes the diagy of pul ry stenosis
Ok ly the surest d. tic critenion of pulmonary stenosis 1s the
i 10n of Jow pul y artenal pressure with a gradient across

the nght ventniculr outflow tract

Pulmonary Vascular OL Sq dary to P 1
Pulmonary Disease Pulmonary vascular obstruction secondary to
parenchymatous pulmonary disease may be diagnosed by approprate
pulmonary function studies

Pulmonary Vascular Obstruction Secondary to Mitral Stenosis It
may be extremely hard to differentiate pulmonary vascular obstruction
secondary to mutral stenosis from primary pulmonary vascular obstru¢
tion In the absence of a good history and the charactensstic auscultatory
ph pul y capillary pressurc and roentgenologic
evidence of a large left atnum may be most helpful m the dagnosis
With all these diagnostic clues however severe mutral stenosis staft
may not be recognized by even the most competent people If the exst
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ence of mutral stenesis d with p y vascular ot

cannot be excluded thh certamnty left beart cathetertzation 1s certamlv
d d F this problem seldom Occurs 1n children, m whom

tight mutral stenosis th or 15 dingly rare

Pulmonary Vascular Ol S dary to Ryphoscol

Pulmonary vascular obstruction secondary to kyphoscoliosis s a rare

conditton 1 children If it occurs the spnal deformity 1s so marked that

1ts identification even wathout orthopedic assistance 1s easy

TREATMENT

Unf ly no defimt 15 available for patients wath

the pulmonary vascular obstruction syndrome A number of pallatne
measures will be mentioned bnefly with the understanding that nothing
spectacular can be expected from them at best the progression of the
condition may be temporanlv halted.

The avordance of fatigue 1s important in the management of these
children Plenty of sleep at might and at least one or two hours of rest
1 the aff are datory Prompt L for and
even continuous chemoprophylaxis against, respuatory disease are rec
ommended. The use of Gantrisin for chemopmphylans and one of the
broad spectrum  anhb for Inhal of
oxygen for thirty muinutes two or three hmes a day has been recom
mended without much proof of its efficacy The itramuscular admims
tration of Pnscoline an anhspasmodic, has been recommended by
Dresdale and his co-workers'®* to reduce the pulmonary vascular resist
ance At The Cluldrens Medical Center we have tned this at cardiac

m a few with 1o ble success I_ong

term anticoagulant therapy with D; ] to prevent thromb
phenomena by keeping the prothrombin time at about 30 per cent of
normal, has been tned m a few extremely sich patients the results are
difficult to evaluate

The of an b ! cardiac anomaly poses the
dufficult question  Should thus defect be repaired® If an atrial defect or a
patent ductus arteriosus without appreciable left to-nght shunt 1s present,
the answer should be positvely “\o™ My lack of expenence about
closure of ventnicular septal defects forbids me to express a definite
opmion about gperation on these lesions w the face of pulmonary vas
cular obstruction I should suspect, however that it might be fraught

with just as much danger as 1f not more than the closing of the other
defects mentioned,

Susviary

Pulmonary vascular obstruction 1s charactenized by chnical and
physwlogic evidences of nght \enmcular a.nd pulmonary axtenal hyper
tension dary to severe y
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Caertional dyspnea cyanosis syncope and chest pamn are the domnant
sy Al pul y closure without 1 pronounced murmur
rocntgenologie evidence of moderite night ventricular enlargement and
lectrocardiogriphic evidence of scvere nght ventnicular hy pertrophy are
the most smportant chimeal features The condition mav or may not be
assoctated with congemtal heart discase Long tam prognosts 1s poor
and no tdequate treatment 1s wailable

PULMONARY STENOSIS

Until the miroduction of the cardine catheter pulmonary stenosis
was entircy m natomie concept According to this definition patients
whose nght ventniculir outflow trict wis visibly obstructed had pul
montry stenosis With the wdvent of cudie cathetenzition the old
anatomic defimtion of pulmonary stenosis was supplanted by a physt
ologic onc—piticnts who hve 1 systolie gradient between _the nht
ventncle and the pulmonary artery (that 15 patients m whom the nght
ventriculr systohe pressure 15 appreciably higher than the pulmonary
arterial systohe pressure) 1re now considered to have pulmonary stenosis
This concept mcludes all patients with anatomic stenosts and 10 adds
tion 1 large group of patients 1w whom the usual pathologico anatomic
methods fail to show an obstruction

IncibEncr

Thus defined pulmonary stenosts 1s present in 20 to 25 per cent of
all patents with congemital heart cisease In about half of these the
ventriculr septum 1s closed m the others a ventricular septal defect
with more or less overnding of the aortw 1s present

ANATOMY

Pulmonary stenosis may involve either the semlunar_cusps them
selves or the subvalvulr, infundsbular portion of the night sentnicle
The purely valvular stenoses are usually tssoctated with an ntact ven
tricular septum while 1s 1 rule lesions myvohing the mfundibulum are
combimed with 1 ventncular scptal defect and cven overndmg of the
aorta These rules are not wathouF evception valvular stenosis with 1
ventneular septal defect and isolated mfundibular stenosis do ndeed
oceur

PaxsioLocy

The prnetpal physiologic handicap i pulmonic stenosis 15 the ffi
culty n mamtaimng an adequate pulmonary blood flow across a reduced
pulmonary onfice In order to accomplish this the night ventricle must
worh harder and produce much more than the usual amount of pressure
If an opening eassts between the two sides of the heart and f the nght
ventricular outflow r equals or sup les the total systemic
resistance a nght to left shunt with consequent cyanosis results
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Because of the difference in symptoms signs and prognosts patients
with pulmonary stenosis who have an mntact ventricular septum will be
discussed separately from those 1 whom pulmonary stenosis 1s associated
with an open ventricular septum

PULMOVARY STENOsIS WITH INTACT VENTRICULAR SEPTUM

This anomaly has been vanously descnibed as  pure pulmonary
stenosis  1solated pulmonary stenosis” and even pulmonary stenosis
with a normal aortic root  Smnce the punty of the lesion 1s frequently
contimmated and its splendid_isolation 15 commonly mvaded by an
opening in the atnial septum and because the position of the aortic root
1s difficlt if not impossible to define m vino I prefer the simple
anatomie description used 1 the heading

Incmence

Pulmonary stenosis with ntact ventricular septum is a common
disease although 1t was not recogmized as such until the past decade In
1947 Tausstg * ! 1 her excellent monograph stated that she had not had
the opportumty to study a proved case herself and Currens and his
associates®® collected the first large” series consisting of elesen patients
n 1945 In contrast to this at The Childrens Medieal Center m Boston
we have studied fifty patients i detarl by cardiac cathetenzation and
have seen at least_threc times that many mn whom the diagnosis was
made on clmeal grounds Wood found twenty four patients with this
condibon among the first 200 patients with congemtal heart disease
whom he studied 3¢ Hence the conseryative eshmate may be made that
patients who have pulmonarv stenosis and an intact ventricular septum
constitute at least 10 to 15 per cent of all patients with congemtal hert
disease who live bevond infancy The reason for this apparent change
' TerdEnce 15 hard to eaplain In my opmon 1t 1s due to a clearer defi
nition of the clinical profile revealed by cardrac cathetenzation probably
these patients were formerly classified as having, Rogers disease or atrial
septal defect

AnaTtomy

Approximately four of five patients with this anomaly have valvular
stenosis 1** 311 The cusps are usually fused nto a membrane with a hole
m the middle which vanes m size The excellent angiocardiographic
studies of hjellberg and his associates®! clearly demonstrate this dome
shaped pulmonary salve protruding into the pulmonary artery during
systole and collapsing back into the valve rnng 1n diastole If the stenosis
1s subvalvular—a rather rare occurrence—a small-tnfundib
1s usually present begmning several centymeters_below the_ pulmonary

valve, the walls of this chamber apparently contract during_systole, but

fail to open completely_m diastale
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The nght ventnicular wall 1s thickened and the mam pulmonary
artery 15 lasge and thin walled A clear explanation of the ongm of this
poststenotic  dilattion of the pulmonary artery 1s contamned in a classic
paper by Emile Holman ' He demonstrated conclusively that the m
ereased Jatcral pressure sesulting from the deceleration of the high
velocity flow through a small onfice 1s probably respensible for thus
phenomenon

Embryologieally valvular stenosis 1s thought to be the result of
supcrimposed  diseise—possibly an nft y pr It
developed valves To my knowledge there 1s no definite proof as to the
vabidity of tlus statement It becomes a particularly tenuous hypothesis
if as we have had oceasion to obsenve two or three siblings show the
smme tnomaly

PiysioLocy

The pnincipal phystolog, q of pul y stenosis with
ntact ventricular septum 15 as mentioned before a duminution of the
pulmonary blood flow However there are a few points worth discussing
which clearly distmguish this vanety of pulmonary stenosis from the
1emodynami¢ viewpomt from other ypes of block {such as tetralogy
of Fallot) The most mportant considerition 1s the fact that for 1 com
parable degree of pulmonary stenosis patients with an intact septum
m1y be able to establish a better pulmonry blood flow (and thus better
exercise tolerance) than those who have pulmonary stenosis assoctated
with a ventricular septal defect This 1s accomplished at the price of 2
higher nght ventriculr pressure work which the nght ventnicle 1s able
to produce by virtue of 1ts independence from the systemic curcuit As
a constquence of this marledly increased pressure work severe nght
ventricular hypertrophy may be present and eventually if the stenosis
15 severe enough cardiac dilatation with congestive farlure may ensue
Cyanosis 1s a relatively late occurrence in these patients and may be the
consequence of one of two mechamsms It 1s either due to greatly
dummished cardine output and an increased osygem eatraction at the
capillary level (peripheral cyanosis p 275) or 1s the result of a right
to left shunt (central cyanosis p 275) through an atrial openg (atnal
septal defect or patent foramen ovale) made possible by an :lpp{ecmms
increas¢ in nght atnmal pressure and thus ndicating hugh nght ven
tncular and distohe pressures

CrivicAL PrcTure

The chmcal prcture as described 1 the paragraphs that follow 15
based principally on data concerning fifty proved cases of pure pul
monary stenosis $'* A considerable number—at least one fourth—of the;e
patents are completely asymptomatic Dyspnea and fatigue domnate ft e
picture 1n the others whereas qyanasis seems less severe and less fre
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Figure 271 smptomatology of patients with pulmonary stenosis and intact ventnes
ular septum 313

Figure 272 'Typical appearance of a patient with seiere pulmonary stenosis and
mntact ventricular septum This pabient had been operated upon as evidenced by the

bandages across the chest Note the chubby round face and good fat deposit over
the legs

quent Emstaxis syncope and squatting occur though not commonly
(Fig 271) Only rarely are symptoms present m infants most patients
do not have complamts until they reach the age of_two to five years
On physical examination these youngsters are usually well de

veloped and well nounished the wide pentagon shaped face with high

calored cheels and lips 1s almost recognizable at the bedside (Fig 272)

Defimte vymmons 15 present 1 7o more than one frd of the patents
Clubbing if present, 1s mild On careful inspection the vems o the nech
may show a promment A wave A thnll 15 commonly present at the
suprasternal notch as well as at the upper left sternal border The cardiac
impulse 15 powerful and sustamed and 1s maximal at the xiphoid process
Left chest prominence 1s e

e y fomena are d by the stenotic systolic
murmur (Fig 273) at the second to fourth left mterspace with excellent
transmussion_to the nech and bach It 1s interesting to note that this

1
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Frgure 273 Phonocardiogram of a patient wath pulmenary stenosis and intact
ventniculr septom Note the diamond shaped systolic murmur and the single loud
second sound corresponding to aortic closure which 15 emveloped by the murmur Su

wurmur s usundhy discovered early often at burth and lmost certauniy
within the first month of Iife The first heart sound 15 usually ummpres
sive although 1 late systolic clich probaibly due to the jet of blood Iutting
the thin woll of the pulmonary artery may be noted at the second to
third Icft interspice As a rule the second sound 1s dimmished through
out m the scverest stenoses 1t scems completely obscured by the mur
mur 1t the upper left sternl border 1nd 1s funt dJsewhere In cases of
imld stenosis the second sound 1s qudible but dumnished 1n ntensity
‘nt the pulmonarv arca -

The nature of the spl of the 1 1 of the second
sound in pitients with pure pulinonary stenosis may be worth considering
m some detail As mentioned ewrher m the section on phonocud:
ography (p 98) the physiologic <phtting of the second sound i
children 1s duc to the delned closure of the pulmontry valve If pure
pulmonary stenosis of some severity 1s present the nght ventncular
systole lasts Jonger than usual thus the spliting widens On the other
hand because of the low pulmonary arteriil pressure the pulmonic
closure may be famt~cven mtudible hence the auscultitory illusion of
an unspht second sound 1n patients with severe pure pulmonary stenosts
(Fig 274) Fmallh i patients with severe pulmoniry stenosis with
intact ventriculr septum  the systolic murmur often extends beyond the
aortie closure as far s the closure of the pulmonary vahe this may
result m the auscultatory unpression of an ewly diastolic murmur at the
pulmonary area (Tig 274) A fourth heut sound 1t the 1pex 15 noted
m pitients with the most severe stenosts and marked nght atrial hyper
tension {F1g, 275)

Evidenees of conpestve failure e rre Infants with the severest
disease and children around the age of puberty who have progressnely
severe stenosis may show cardine falure In these children prcs)smhc
pulsation of the hver may be noted (Fig 276)

Roentgenologteally shght or moderate nght yventricular enlargement
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Figure 274 Phonocardiogram of a patient with severe pulmonary stenosts and
intact ventncular septum Note the dramond shaped systolic murmur and the wide
sphitting of the sccond sound Also note the low intensity of the sccond component of
the second sound
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Frgure 275 Phonocardiogram at the apex of a patient with pulmonary stenosis
and intact ventnicular septum Note the Joud fourth sound with rather ummpressive
systolic murmur at this location

1s seen 1n the great majonty of these children Some patients with the
maldest degrees of obstruction hase normal sized hearts whereas mfants
and children n congestive farlure may have unusually big hearts (Fig
277} The cnlargement ivolses prmapally the nght ventricle and the
nght athum  prominent man and left mamn pulmonary artenies indicate
valvular obstruction \loderate or severe diminution of the pulmonary
vasculature 15 seen 1n about three fifths of the patients At fluoroscopy
the contractions of the heart are powerful cxcept i patients with con
gestnve failure The promnent main pulmonary artery may show pulsa



LIVER PULSATION ||| H

L

1
T
T

T
Figure 276  Presystohic pulsation of the hver in patient with severe pulmonary

stenosis and intact sentnicular septum Liver tracing on top Electrocardiogrim trac
1ng as refurence tracing on bottom
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Figure 277 Posteroantenor views of three patients with pulmonary stenosis of vary
Wd B severe C very severe in congestive falure
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tions but no expansile pulsation of the smaller pulmonary vessels 1s
ever seen

In a1l patients with moderate or sevire stenosis the electrocardio
gram shows right ventricular hypertrophy only ten of the fifty patients
studied 1 detail had normal tracings Incomplete nght bundle branch
block 15 present i a considerable number of children 1t dommates the
picture m those with muld pulmonary obstruction The tracings with
the severest degrees of nght ventricular hypertrophy are prone to show
sigmficant P pulmonale and changes m the S T segment and the T wave
from V; s or even V. (Fig 278)

Cardiac cathetenzation reveals the followng data (1) A small
left to night shunt at the atrial level may be observed m patients who
have an atral septal defect and mild stenosis

2 A gradient_enists between the nght ventricular and pulmonary
artenal systohic pressures The systolic pressure within the nght ven
tricle 15 always elevated varying from approximately 50 to 250 mm of
mercury 'The pulmonary arterral mean pressure vanes within 2 much
narrower range between 10 and 20 mm of mercury (Fig 279) There
15 usnally a substantal difference between the systemic arterial and the
nght ventricular systohic pressures There 1s some evidence to the effect
that the pulmonary arterial pressure recorded at catheterization may be
lower than 1t actually 1s, because of the obstruction of the pulmonary
onfice by the catheter The site of the pulmonary obstructton may be
clearly d d by slowly withdrawmng the cardite catheter from
the pulmonary artery to the nght ventricle When this 15 done the
tracing may demon trate either a sudden jump 1n systohc pressure at
the valie site (Fig 280 A) withmn one cardiac cycle or a gradual
mcrease m systolic pressure indicating the presence of an mfundibular
chamber Within this chamber the diastolic pressure 1s 1dentical with
that found 1 the body of the nght ventnicle {Fig 280 B) whereas the
systolic pressure 1s about midway between that of the pulmonary artery
and the body of the nyht ventnicle A diagnosts of valvular obstruction
made at c\i\;’dlac _cathetenization can almost mvanably be confirmed at
operation “The vast majonity of the patients with valvular stenosis have
poststenotic dilitation of the pulmonary artery which 1s visible on the
roentgenogram The night atrial pressure tracing reveals giant A waves
1n patients wath the severest stenosts

3 The pulmonary capillary and brachial arterial pressures are
usually within normal hmuts™

4 Defimte arterial unsaturation at rest is present in about 10 per
cent of the children always the patients with the hughest degyees of
obstruction (Table 32) In perhaps another 10 per cent the arterial
saturation 1s between 90 and 94 per cent at rest with an appreciable
drop on exercise

5 The cardiac output at rest 1s at the lower hmits of normal n
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VAR

Fig 278 C

Figure 378 Electrocardiogran s of pat ents with pulmonary stenosis 4 Very severe
B moderately severe € mild

practically all patients The eapected increase n carchac output on
eaercise 15 madequate m the severe cases and 1s accomphished principally
by wid the arten ff The pul 3 valve resist
ance 15 moderately or markedly elevated
Usually 1t 15 not necessary to perform cardige catheterization 0
establish the diagnosis in these patienis chnical methods are thoroughly
satisfactory in this respect At present cardiac catheterization 15 recom
mended n mstances w which the chmcal diagnosss 1s not clear cut or
preoperative accurate appraisal of the seventy of the stenosis 1s desirable
If an attempt 15 made to correlate the cardiac cathetenization data
sath the clinteal picture i this group of patients (Fig 281) interestng
and useful clues are revealed Pauents with 2 nght ventncular pressure
of more than 100 mm of mercury cannot be distingmshed easily from
those with lower pressures by the character of the murmur the presence
of a thnll the intensity of the second sound at the pulmonary area or
the radrologic evidences of nght ventncular enlargement They may be
1 with hat more accuracy by taking nto consideration

the presence of symptoms and the degree of pulmonary sschemia 1o
vealed by roentgenogram Only by analyzing the electrocardiogram
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Figure 279 Pressure gradients in forty five patients with pulmonary stenosis with
antact ventncular septum 8y stolie peak pressure top mean pulmonary arteral pres-
sure bottom hne “ote the rehinely narrow fuctuation of the pulmonary artenal
mean pressure and the wide vanation of the nght ventrcular peak systolc pressure 311
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Figure 280  Pressure tracings dunng a pull back of the catheter from pulmonary
frtery into night ventncle 4 The sudden yump gecurmng withn one cardiae evcle
charactenistic of valvular pulmonary stenosis B Gradual change 1o systolic pressure
1n the presence of an fundibular chamber 311
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Table 32 Correlation of Right Yentncular Systohe Peak Preasures with Artenal
nsaturation and with Presence of Gunk “A” Waces

Right V¢ neula Fressure 200-.0 1A-199 100149 S99 Under 0
{mm_tg)

Dists } ution of patcnts 7 [ 5 13 12
No withsatu atwn under 0% 3 3 — — —
No with saturation 90-94¢5  — 2 1 2 —
No withgant A wave 7 5 2 - -

* Forty five catheterized patients wath pulmonary stenosis and intact sentnicalar septum
{42 valvular stenosis 3 infundibular stenosw) 3¢

-
45 cathete 164 patents O win W Ry pr »100mm 1y
2 m Jrver <0onmug
“
“
"

ove L) vty
o~ - o e e wen Pony
ey ot - - .

- it

Figure 281 Correlation of nght ventncular systolic peak pressure with the chinical
picture an forty five panents with pulmonary stenosts and mtact ventneular septum
For explanation sce text 311

carefully however can one determne with relatve certainty on churcal
grounds whether the patients nght veatncular pressure 1s higher or
lower than 100 mm of mercury We bave not found an) patient with
a nght ventneular pressure of more than 100 mm of mercury who has
not demonstrated at least one of the followng three 1mportant electro
cardiographic critenia (1) Rys of more than 20 mm (2} P pulmanale
and (3) changes 1n the S T segment and the T wave through V, Fur
thermore once any of these features 15 noted the chances that the
pressure n the night ventricle 1s hugh are good As can be seen m Fi igure
281 there was only one patient with an R wave m Vy af mare than 20
mm who did not have a nght ventricular pressure of more than 100 mm
of mercury Important as these correlations between nght ventrncular
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Figure 282 A 1 outhning mam pul y artery and left mam pul
manary artery with tremendous postste notic dllnt.\hon n a patint with salvular
pulmonary stenoss

pressure and the clectrocardiogram are 1t must be remembered that we
¢ attest for their vahdity only m nfants and children and only m cses
of 1soltted pulmonary stenosis Any conclusions drawn from these figures
m relation to other conditions and other age groups would have to be
made with the greatest caution

Angrocardiography especially the sclectve techmque practiced by
Swedish workers ®* has produced some of the most stnking pictures
(Fig 282) seen m the study of congenital heart discase As a scientific
tool designed to help physicians understand the dynamics of this lesion
and the structural changes underlyng it angiocardiography has fullled
its immensely 1mportant tash For practical purposes however m the
diagnosis and treatment of congenital pulmonary stenosis 1t 1s of rela
tively little use today The presence or 1bsence of a ventricular defect
may be determined better at cardiac cathetenzation The cardiac catheter
15 also more useful than angiocardiography at least m our laboratory 10
determining the naturc of the stenosis Therefore 1n my opinion a
though angiocardiography 1s a 1 and h wmstru
ment 1n the study of pulmonic stenosis 1ts practical use is hiuted at
present and 1t 1s overshadowed by cardiac catheterrzation

Course Axp PROGNOSIS
The prognosis in cases of pulmonary stenosis with mtact ventricular
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septum 15 difficult to predict ccurately 1t present because of the rela
tnely short obsenvation peniod available as mentioned earlier large
numbers of these patients have not been observed clmically until the
past ten years However on the basis of our own observations durng
these ten years 1t scems that a number of fauly distinct categornies may
be outhned

The first group of patients those with the severest discase exhubnt
evidences of congestrye failure within the first year of hfe Anatomically
these pattents have pinpoint stenosts of the pulmonary valve but they
probably constitute less than 10 per cent of the total number of patients
with this disease They are usually well developed babies who have 2
tinge of cyanosis a large heart and electrocardiographic evidences of
severe pulmonary stenosts Unless they are operated on these infants
probably die within the first year or two of Iife

The mild symptoms 1 the second group of children usually' stut
within the first years of Iife If the electrocardiographic ciitena may be
relied on these youngsters have progressnely higher night ventricular
pressures through the years with mcreasing fatgue and dyspnea and
the late appearance of cyanosis We know of at least one such child who
died suddenly at the age of ten years This 1s a rare occurrence however
the usual evolution 15 one of increasing symptoms evidences of nght
sided failure and death mn the late teens or twenties

The patients m the third and final group do not have any symptoms
throughout childhood the nght ventricular pressure when measured 1s
less than 100 mm of mercury and the electrocardiogram fails to reveal
evidences of progressively increasing night ventnicular pressure through
the years It 1s this group of child the asymp Iow p
group—about whom nformation 1s woefully lacking particularly 1n re
gard to their fate 1n adulthood At present we do not even know whether
the stenosis becomes relatively more or less severe as the years go by
Only careful obsenvation through many decades will furmish a defimte
answer to this question

Among the compheations of pulmonary stenosis the rare occurrence
of subacute bacterial endocarditis and the rather unlikely appearance of
theumatic fever may be mentioned We have encountered one patient
whose sudden catastrophic mcrease m symptoms was explained at post
mortem examnation on the basis of an mfected vegetation obstructing
an already small pulmonarv onfice

DirrereNtiaL Discosis

Tetralogy of Fallot The most common problem n the differential
diagnosis of pulmonary stenosis with tact ventncular septum 1s to
distingwsh 1t from tetralogy of Fallot

The logv of the two d shows shight but definite
differences In tetralogy of Fallot usually though not mvanably cya
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Table 33

DIFFERENTIAL DIAGNOSIS OF PS. € INTACT VENTRICULAR
SEPTUM & TETRALOGY OF FALLOT

PULMONARY STENOSIS TETRALOGY OF FALLOT

SYMPTOMS
CranosIS b4 +
oYsENEA + +
SPELLS ° +
SQUATTING 3 .
cF + 0
28
GUNT A WAVE - o
e P . )
WIEw-
Ty M hd
T - °
AT aus
WIE
sty o *
SYSTOLIC M
AT 208 + -
AT 418 L] +
Exd
RVH had +
P PULMONALE + b4
X RAY
GENERAL CE * °
RVE - *
PROMINENT PA * o
PV NOR G L4
RAA © n%
CARDIAC CATH
x °
v e +
[GIANT & WAVE o
VALY STENCSIS K *

Sce Table 26 (p 303) for explanation of symbols

nosis and exertional dyspnea are present m atmost equal degree at
all tmes while i puie pulmonary stenosis fatigue and dyspnet are
much more promment thin cyanosts Squatting and anoxie spells are
more common 1n tetralogy of Fallot than m pulmonury stenosis with
intact ventriculr septum Congestive failure—a rcal danger n patients
with pure pulmonary stenosis—never occurs i children with tetralogy of
Fallot
On physical exvunation the finding, of a giant A wave i the Jugular
venous pulse mdicates pure pulmonary stenosts 1f the stenotic musmur
1s heard best high at the left sternal border and especrally if 1t com
pletely obscures the aortic closure the lesion 15 probably valvular pul
monarv stenosts with an intact septum, the presence of a loud narrow
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second sound observed at the lower left sternal border strongly suggests
tetralogy of Fallot It should also be mentioned that though there may
be no murmurs at all m severe cases of tetralogy of Fallot we at
The Cluldrens Medscal Conter stdl have to see a case of pure pulmome
stenosis m which 1 stonotic munmur has not been observed although
such has been noted by others ™
The dectrocardiogram s 1 yule shows more severe degrees of nght
ventrseulir by pertrophy with strun and more P pulmonale in patents
with severe ssofated pulmonary stenosis than o those with tetralogy
of Fallot
‘The rocotgenclogse picture may be considerably different in the twe
conditions as well In almost 25 per cent of the patients with tetralogy
of Fallot there 15 a nght aortic arch whereas we have never seen ths
occur 1 & pitient who has pulmonary stenosis with an intact ventricular
septum only one such case has been mentioned 11 the hterature ™ Other
i between the twa conditions are the
frequent presence of 3 poststenotic dilitation and the occasional occur
rence of marhed cardiac dilatation 1n severe pulmonary stenosis whereas
i tetralogy of Fallot the cirdiac enlargement 1s always shght to med
ertte and the mamn pulmonsry artery segment usually concave
The Leftto Right Shunt Graup Atnal septal defect, ventrcalar
septal defect and patent ductus artenosus—the left to night shunt group—
are d m the diff 1 d of “solted” pul
monuc stenosis In my apuwion the question need seldom i ever anse
«“The tumultuous cardiac impulse the left chest deformuty the spical
diastolie rumble and the pulmonary vascular engorgement with expansile
pulsations all iwdentify the left to nght shunt group clearly Indmgual
lesmns th}un the group can usually be wdentified on the basis of physical
e and 1
The Pulmomry Vascular Obstsuctson Syndrome  The pulmonary
vascular obstruction syndrome and pulmonary stenosis with intact ven
trcular septum are discussed on page 434
Ebstewr s Anamaly  Ebsteins anomaly should be considercd m the
differentinl diapnosis of anly the severest degree of pulmonary stenosts
with congestne falure and mwhed cardiomegaly The smadanties are
largely radio} both 3 bemg ok d by a large poerly
pul 1, heart and d led pul y vasculture The duffrenta
twon rests on the foffowing, ponts (I} The phvsical examination mn
Ebsteta s disease fuls to show the charactenstic stenotie systolie munmur
but shows z taple or quadruple npxc’\l rhylhm with Tes pstched systohie
and dhastohe {2) The dectr in Ebsteins disease
never shows marked nght ventneular hypertrophy but rather the cunaus

combimation of a great deal of conduction disturbance with marked P
pulmonale

Aortic Stenosis  See page 406
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TREATMENT

The treatment of pulmoniny stenosis 1if any 1s surgical Two main
tcchmques are recommended todiy  one 1s Brochs approiwch ! to the
pulmonary valve through the nght ventricular museulature and the other
1s Swans techmque’? of sphtting the v ve from the pulmonary artenal
side durig complete mtcrruption of the cireulition under hy pothermia
The sumpheity of the proccdure and the good results obtamed 1n the
majority of the mstances have persuaded the members of our surgical
service to use the former rather than the latter method so far for the
rchef of pulmonany obstruction ' A shunt procedure ss contramdicated
i patients with pure  pulmonary stenosis not only does 1t afford no
relicf but also 1t may lead to congestive farlure ind death (sec p 474)

Fortunitcly most of the patients with severe pulmonary stcnosis
huve 1 vabvular tvpe of obstruction which 1s reltivedy casy to correct
surgicrlly  The only patients we have lost during this operation were
those 1 congestnve falure the mortality for the entire group was 10
per cunt and was zao for those without congestne falure Symp
tomatically  the postoperatne results were gratfying i Al mstanees
The nght ventriculwr pressures and the miumal nght ventncular
potentials m the electrocardiogrums preoperatively and postoperatively
m ught patints are compred i Digure 283 This figure shows the
cllcetis eness of the opestion nd the relinbihity of the elctrocardiogram
i demonstrating the chinges an the nght sentricular pressure Figure
284 shows the change m the ridiologic picturc before and after the
operation

Isolated miundibulwr pulmontry stenosts seldom occurs In my
opimon patients with this condition probably should not be operated
on until safe methods for open heut surgery and relicf of the obstruction
under direct vision become avatlable

N Indieations for pulmonary yalvotomy can be summarized as follows
(1) Young mfants with the severest stenosis and congestive failure
should be subjected to operation as soon s the diignosis 1s established
Cardine catheteriz ttion should be performed only if the cardiologist feels
that the baby cn tolerate the procedure and the delay of the operation
Actually thes 15 n emergency procedure Anticongestive measures miy
be undertaken but usually they are not successful nd may wast
precions time

2 In patents with chinrcal indiciions of night ventricular pressure
of 100 mm of mercury or more cardiac cathetenzation certamnly and
probably eventually operation should be performed The optima] timing

of operation in this group depends on a number of factors If the patient
15 symptomatic the decision 15 easy 1f the cluld 1s asymptomatic the
or carditc enlargement progressive

v O &
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elect 1 six patients with pul
monary stenosis and intact ventncular septum Note the good parallehsms between

pressure drops and dmp m nght \cntnculnr \oltages m the electrocardiogram  In
Case 14 there has been voltages and

oth
1n nght entnicular prcssures In all the others a |gmﬁgnm drop 1n both occurred ®t

1 q 0]

changes or elect d hic evidences of severe
nght ventncular stram may be considered vahd indications for operition

If operation on a patient of this group 1s temporanly postponed a
follow up examimation every three to s months with (,arcful repeated
evaluttion of the chimeal electr diographic and data
15 essential

3 Patients with chmical 1nd of “pure” pul Y stenosis
and a night ventricular pressure of less than 100 mm of mercury should
not be operated on at this tme but rather should be exammed every
six to twelve months to evaluate the progression of the condition Cardiac
cathetenzation 1s optional m this group of patients As mdicated pre
viously these culdren may have a mild form of the disease winch may
never need correction The validity of this assumption can be tested only
by careful follow up examinitions for many jears

Among the postoperative comphieations the development of pert
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Figure 284 Changes m the heart size of patient with severe pulmonary stenosis
and mtact ventncular septum A The preoperatve film B a year and a half after
operation C three years after operation

cardal effusion congestive failure and arrhy thmias should be mentioned
Medical treatment or surgical dramnage of the effusion mvanably clears
up these complications However careful postoperatne supcrvision 1§
essenhal for the discovery of these conditons No particular preopera
tive care 1s necessary but because of the tendency for arrhythmias to
develop during valvotomy admnistration of digitalis should be stopped
at least forty exght hours before the operation

SunnMAaRY

Pulmonary stenosis with an intact ventricular septum 1s character
1zed by a stenotic systolic murmur at the second left mterspace duniin
nion of pulmonary closurc and evidences of nght ventrcular hy pertrophy
and enlargement Patients with the milder form of the disease may be
completely asymptomatic others show dyspnea on eertion fahgue and
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shght cyanosis Children with valvular stenosis and severe disease should
be operated on The el 15 the best clinical tool for ascer
tammg the seventy of the lesion

PuLMONARY STENOSIS witit VENTRCULAR SepTAL Derect anp Ricnr
o LEFT SuunT (TETRALOCGY OF FALLOT)

Pulmonary stenosis or atresta tssociated with 4 ventricular septal
defect and dextroposed aorta forming the anatorme basis of cyanotic
congemtal heart diserse was described 1bout 180 years ago °t Almost
100 v ears later Fallot!' defined this syndrome s consisting anatomically
of four features—pulmonary stenosis or atresia dextroposttion of the
sorta ventricular septal defect and night ventncular hypertrophy With
the introduction of cardiac cathetenzation the physiology of this ana
tomicochmical syndrome was rescaled The physiologic definstion of
tetralogy of Fallot 15 the combination of 1 ventricular septal defect with
pulmonic stenosis tn which the shunt 15 predommantly or exclusively
night to left  Although the static term “tetralogy of Fallot 1s being and
probably will be used by everyone for many decades my own objection
to the term based principally on <n aversion to eponyms finds a con
siderable amount of suppert mn the many case reports of formes frustes
of this disease barely explamable on strict anatomic grounds I see no
logical reason at this time for trying to separate patients within this
general category according to the degree of pulmonary stenosis or des
troposition of the aorta All patients who have pulmonary stenosis and

ventricular septal defect with a night to left shunt will be discussed
this section

IncmENCE

The tetralogy of Fallot 15 a common disease 1t accounts for at least
15 per cent of all chuldren more than two years of age who have con
genital heart disease It 1s the most common single lesion m patents
with cyanotic disease who live beyond mfanev If a person not well
versed n the mystenes of pediatne cardiology simply made a diagnosis
of tetralogy of Fallot in every ¢y wmotic child more than two years old he
would probably be nght at least 75 per cent of the time

ANATOMY

Enbryalogreally the combmaton of ventricular defect and pul
monary stenosis may be explaned by a misplacement of the spiral ndge
diading the truncus artenosus resultng m unequal dwision of the
common trunk and failure to close the ventncular septum from above
This usually occurs n the fifth to seventh weel. of mtrauterne hfe

According to ow expenence and that of others *® 93 the stenosis 1s
mfundibular 1 the vast majonty of nstances Probably pure valvular
stenosis 1s not associated with tetralogy of Fallot m more than 10
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per cent of the cases However opimions contrary to this hive been
aapressed by Broch  and Buley ' who muntun that the stcnosis 1s
valvular in a considerable portion of the patints The angiogriphic
studics of the Swedish workess™ show the infundibalir chamber to be
1 long, nrrow chimel which contracts completdy durmg ventncular
systole but fuls to redw durng dinstole

A defcct of virying size m the membrwmous subiortie portion of
the ventneular septum 1s present m Al mstances It 1s usually erescent
shaped with a concavity upwards The scventy of the so called over
ndmg, of the tortr m1y be difficult to determine cven at postmortem
oyvumnation Most of the time a clmicil determimation of the overndng
is mpossble As 2 matter of fict because of the ntture nd position of
the lugh ventricular defeet the vorta communicates with both ventricles
m practically tveny et aceording, to Selzer*

The degree of nght ventriculir hypertrophy depends prinapally on
the sevenity of the pulmonary stenosts usually the thichness of the nght
veatnicle equals that of the left “The forwmen ovale 1s patent m consider
ably more than the cxpected 20 to 25 per cent of these pitients and a
right aortic arch 1s prescnt m 25 per cent Significant enlargement of the
bronclhual arteries aceurs i patients wath extreme tetrilogy of Fallat

Puzsiorocy

In every piient with tetralogy of Fallot thare custs a systolie
prossure gradient between the night ventocle nd the pulmonany, artery
This results in 1 pulmonary resistance that approyimates or even super
sedes the systemic resistance thus causing 1 nght to left shunt through
2 ventricular defect 1nd esscntally 1dentical systolic pressure leveds m
the nght ventnicle and the systemic artery The size of the nght to left
shunt may vary depending on the rtho between the resistwnces
the two crremts the size of the ventricular scptal defect and on certam
charactenisties of the right ventricular contraction

The handicaps resultmg from this anomaly re twofold Fust be
cause of the nght to left shunt central cyanosis of varying degree s
present m the vast majonty of patients Sccond because of the pul
monary obstruction wlich cannot be met with 1 nght ventrcular pres
suve appreanbly hupher than the systemie artenal pressure (due to the
presence of a ventncular defect) the pulmonary blood flow 1s hmited
and exertional dyspnea 1s marked The prescnee of the ventricular septal
defect thus places a cetlng (that of the systeme atenial pressure) on
the pressure exerted by the nght ventncle This fact although respon
sible for the marked hnutation of exeraise also has the bencfical effect
of proteching the nght ventricle from domy, too much pressure work
Thus explamns the observation that although these patients may be €
tremely bmited 1 their activities cardiac farlure 1s almost never secd
during childhood
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F gure 285 Pl onocardiogram of patient with tetralogy of Fallot syndrome Note
the dramond shaped systol ¢ m mur end ng abruptly w th the narro v second sound

Cumicat Prerure

Few clildren with tetralogy of Fallot are asymptomatic most
of them have the habit of squatting they show evidences of cyanosis
and dyspnea on eaertion and they are Uhely to have attacks of deep
cyanosis ani i
The cyanosis 1s of the central type and 1s usually accompanied by
clubbing Exercise tolerance vanes some patients may be able to walk
tess than one block, while others may be able to walk a mile or more
When these children reach thewr hmut they usually squat for a few
minutes and then get up and resume their previous actiities The nature
of the anoxic spells has already been described on page 277

On physical examination these patients appear moderately under
developed they rank between the tenth and the twenty fifth percentile
on standard development charts Cyanosis and clubbmg of varous
degrees are evident No grant A waves are visible 1 the jugular venous
pulse Left chest promunence 1s absent or mummal The cardrac impulse
1s maximal at the xiphoid process but thete 1s some ap cal impulse as
well A thnll at the lower or md left sternal border 15 noted mn more
than half of the patients

At auscultation the first heart sound s usually narrow and loud at
the apex and the lower left sternal border The sieond sound 15 afmost
imvanably d mumshed at the pulmonary area but 1s narrow (unspht}
and accentuated at the thurd or fourth interspace parasternally Thurd
sounds or atral sounds either are not heard or are mnsigmficant It 15
umportant to note that the second sound s never completely obliterated
by the murmur

The systolic murmur 15 usually stenotic mn character grade 3 to 4
mintensity and 15 best heard at the mid or lower Jeft sternal border In
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Figure 286 Fhonacardiogram 1 a pattent with severe tetralogy of Fallot Note
the relatively Joud single second sound at the pulmonary area and the fourth left
anterspace and the shght sy stolie murmur

contrast to pulmonary stenosis with an mtact ventricular septum  the
systolic murmur never lasts beyond the nortic closure (Fig 285) hence
no lusion of an early dinstolic blow 1s created In the most severe cases
of tetralogy of Fallot there m7y be only a shight murmur or none at all
(Fig 286) These are the only ones in which practically no blood passes
through the pulmonary obstruction It 15 interesting to note the varability
of the systolic murmur m these patients although a child may have a
grade 3 systolic stenotic murmur when fechng relatvely well at the
height of an anoxic spell this same youngster may not have a murmur
at all With the improvement of the child s conditton the murmur usually
returns

These changes i auscultatory findings can be explamed on the
basis of vamable volumes of blood at vanable velouties tras ersmg
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Figure 287  Phonocardiogram 1n patient with severe tetralogy of Fallot Note the
presence of a continuous rnurmur at the pulmonary area Note the Jugh frequency
Tow wtensity wibratian and the absence of the crescend ¢ systolie element

.

Figure 288 Posteroantenor and left antenor oblique radiograms m patient with
tetralogy of Fallot Note the relatively small heart the absent main pulmonary artery
segment the relatnely wide supracardiac shadow with a dilated superior vena cava
the nght venmcular contour and pulmonan 1schemia

the stenotic right ventricular outflow tract at vanous times A continuous
murmur 15 often heard 1 patients 1n whom there 15 no stenotic systohc
murmur (Frg, 287) Thus 15 usually heard best at the second nght and
second lft nterspaces as well as over the back and can be explamed
on the basis of the wide network of bronchial collaterals In rare 1n
stances the continuous murmur may be caused by a patent ductus
arteriosus

The roentgenclogic picture (Fig 288) 15 characterized by a rela
tively small heart of nght ventricular contour and a poorly vasculanzed
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lung field (cocur en sabot) If there 1s any cardiac enlargement shown
i the roentgenogram, it mvohes almost exclusively the nght ventncle
and perhaps the nght atnum The man pulmonary artersal segment 1s
small cven concave the aorta on the other hand 15 Jarge The aorte
arch 15 commonly on the night s:ide The peripheral pulmonary vascula
ture may be normal or diminished and 1 pattern of collateral circulation
m1y be noted m patients with the severest pulmonany stenosis

The eclectrocardiogram 1s always abnormal A moderate or severe
degree of nght ventricular hypestrophy 1s noted with R waves of van
able height in the nght chest lends No good correlation exsts between
the QRS voltages and the nght ventricular pressure in these pahents
Evidence of additional left ventricular hypertrophy may sometimes be
obtamed from leads aVy and Veo (Fig. 289)

Cardiac cathetenzation (Fig 290) reveals the followsng (1) Only
mn thoese patients with the nuldest stenosis 1s a shight left to night shunt at
the ventricular level sometimes demonstrated at rest on exercise of
crving this shunt is usually abolished and the flow of blood through the
ventricular defect 1s exclusnely nght to left (2) There 15 always nght
ventrreular systolic hypertension in the systemic range the presence
of a pressure gradient between the nght ventricle and the pulmonary
artery cannot alw1ys be proved at cathetenization since the catheter
may not be able to enter the pulmonary artery If the pulmonary astery 1s
entered however the presence of ifundibular stenosis can be demon
strated on withdrawal (Fig 291) The pulmonary artenal pressure 1s
Jower than normal and often shows marked respuratory vanations and
damping (8) “Pulmonary capillary” and brachial artenal tracings are
usually withm normal hmits (4) The arterin) oxygen saturation vares
between 30 and 80 per cent because of the nght to Jeft shunt through
the ventncular septal defect In the presence of a patent foramen ovale
an additional nght to left shunt may occur at the atral level (5) A
right to left shunt on may be calculated m all i the
severest eases it may be present even at rest The total pulmonary resist
ance 15 equal to or greater than systemic resistance (6) In approumately
a third of the patients the left ventricle or the aorta may be entered from
the rnight ventnicle

Cardiac cathetenization usually 1s not necessary for the diagnosis of
the tetralogy of Faliot In most instances the chinical profile 1s clear
enough to allow accurate diagnosis prognosis and an outlne of ther
apeutic procedures However nght heart cathetenzation 1s mdicated if
the clinzcal diagnosis 1s not clear or if some specific phy siologic mforma
tion 1s deswed

Angiocardiography 1s useful m those patients wath the tetralogy of
Fallot 1 whom the size of the pulmonary artery 1s not clearly demon
strable by ordinary radiographv but it certamly 15 not a necessan
procedure 1n the vast majonity of cases Selective angocardiography as
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Figure 269  Two electrocardiograms of patients with tetralogy of Fallot syndrome
A Pure nght H hy B Combined tricular h Note
the P pulmonale m A
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lung field (cocur en sabot) If there 1s any cardiac enlargement shown
in the roentgenogrum 1t mvolves almost exclusively the nght ventricle
and perhaps the nght atrium The man pulmonary arterial segment 1
small even concave the aorth on the other hand 1s large The aortic
arch 15 commonly on the night side The penipheral pulmonary vascula
ture may be normal or dimimshed and = pattern of collaterl circulation
m1y be noted in pahients wath the severcst pulmonary stenosis

The electrocardiogram 15 always abnormal A moderate or severe
degree of nght ventncular hypertrophy 15 noted with R waves of van
able height i the nght chest leads No good correlation ewsts between
the QRS voltages and the nght ventricular pressure in these patents
Evidence of additional left ventricular hypertrophy may somctunes be
obtamed from leads aVy nd V,; (Fig 289)

Cardiac eathetenzation (Fig 290) reveals the following (1) Only
m those patients with the mildest stenosis 1s a shght left to night shunt at
the ventricular level sometimes demonstrated at rest on eacraise or
crying this shunt 1s usually abolished and the flow of blood through the
ventricular defect 1s exclusively nght to left {2) There 1s always nght
ventricular systolic hypertenston i the systemic range the presence
of a pressure gradient between the nght ventnicle and the pulmonary
arterv cannot always be proved at cathetenzation simce the catheter
may not be able to enter the pulmonary artery If the pulmonary artery 1s
entered however the presence of infundibular stenosis can be demon
strated on withdrawal (Fig 291) The pulmonary astenal pressure 18
lower than normal and often shows marked respiratory vaniations snd
dumpmng (3) “Pulmonary capillary” and brachral artenial tracings are
usually within normal himits (4) The artenal oxygen saturation vares
between 30 and 80 per cent because of the nght to left shunt through
the ventneular septal defect In the presence of a patent foramen ovale
an additional night to left shunt m1y occur at the atnal level (3) A
night to left shunt on may be calculated 1 all m the
severest cases it may be present even at rest The total pulmonary resist
ance 15 equal to or greater than sy stemic resistance (6) In approamately
a third of the patients the left ventnicle or the aorta may be entered from
the nght ventricle

Cardiac cathetenization usually 1s not necessary for the diagnosis of
the tetralogy of Fallot In most mstances the chmical profile 1s clear
enough to allow accurate diagnosis prognosis and an outhne of ther
apeutic procedures However nght heart catheterization 15 ndicated of
the chmeal diagnos:s 1s tiot clear or if some speaific physivloge mforma
tion 1s deswred

Anguocardiography 15 useful 1n those patients with the tetralogy of
Fallot m whom the size of the pulmonary artery 1s not clearly demon
strable by ordinary radiography but it certamly 1s pot a necessary
procedure 1n the vast majonty of cases Selective angwcardmgxaph}' as
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Figure 292  Venous angiograms in patient with the tetralogy of Fallot syndrome
4 Plam Slm without mmjection of the dye B Dye entenng the nght atrfum and nght
ventncle through the superior vena cava € Visualization of the aorta from the nght
ventncle and appearance of collaterals fiom the aorta

ciscussed m the section on pure pulmonary stenosis 1s an excellent tool
for research for teaching and for the und, ding of this malf

This type of examination as well as conventional venous angiography
may give prachical information preoperatnely m regard to the mnature
of the stenotic arca the presence and degree of overnding of the aorta
and the presence and size of the pulmonary artenies (Fig 292)

CoursF AnD PROGNOSIS

Approxmately one third of the patients with the tetralogy of Fallot
show cyanoms at buth In another third blucness 1s frst exhibited be
tween the ages of one month and one year The remainder of the patients
do not have noticeable artenal unsaturation untl they are well past the
first year of lfe A groupmg of these patients according to the e of
mmtial appearance of cyanosis 1s possible and perhaps even useful af the



464 CONGENITAL IIEART DISEASE

reader realizes that most patients fall somewhere 1n between the three
mun groups

Group 1 1s made up of patients who are cyanotic at birth or shortly
thercafter They usually have the severest form of the discase and they
ma)y be the ones m whom because of the physiologic or anatomic
bl on of the pul y onfice no stenotic systolic murmur 1s
audible The absence of ny demonstrable flow through the pulmonary
onfice ind the prescnce of collterals with a contmuous murmur sug
gested the name “pscudotruncus ” which 1s apphed to thesc patients At
four or five months of 1ge these mfants start to have 1nouc spells (see
p 277) of mereasing seventy and frequency Unless they are operated
on they rarely survive the first year of hfc Death usually occurs n a
mjor anoxic spell

1f they do survive the first twelve to eighteen manths of fe they
mav live for several years but are deeply cyanotic and polycythemic
with marked hmitations of eacreise and squattmg habits Wath ail this
they may be mentally alert able to do school work at home and to
occupy themselves m 1 sedentary fashion They seldom survive the
second decade but their brief hife span 1s often an nspiring example of
the indomitable nature of the human spint

Group 2 1s made up of patients whose cyanosis becomes obvious
only after the first month of ife but before the end of the first year This
group 15 regarded as most typical of the tetralogy of Fallot syndrome
Anoxic spells also may appear m these patients at or about six months
of age but they are neithcr as numerous nor as severe as those noted i
the first group of nfants Sometunes they take the form of srntable spells
or prolonged crying episodes earlv in the mormng \ loud systobc mur
mur 15 usually audible at the Icft sternal border the murmur of col
laterals 15 absent When these children are able to walk (at one and 2
half to two and a half years of age) dyspnea on exertion and squatting
become obvious Symptoms are rather muld m favorable weather but
extremes 1 temperature are poorly tolerated These children may run
around and play satisfactonly i the house but when they go out to
the street or play area they squat or ask to be picked up after they have
walked a few hundred yards A pecular wntatng haching cough ap
pears when they tire

When school age 1s reached the difficulties mcrease Squatting is 3
socially unacceptable position nd dyspnea on exertion mahes it wnpos
stble for them to pliy the games ll cluldren enjoy  The walk to school
and the chmbing of staws become msurmountable obstacles Wathout
the help of an operation hfe becomes less and less tolerable as the years
go by Perhaps the disease 1s harder for these youngsters to tolerate
because since they are pot as sich as those m the Brst group they my
try to look and act like other children and of course they fal The
patients m the first group are so completely different from the average
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youngster that they may be able to create a world of thewr own a tash
sometsmes simpler than attempting to become a member of a group that
does not want you Without operation the patients m the second group
usually Ine through the second or even the third decade Death occurs
from nadequate cardiac output madequate oxygen uptake or a cere
Bbrovascular acadent Congestive faure may be seen rarely adults

The third_group of patients with tetralogy of Fallot do not show
evidences of cyanosis until they are one year old or dlder These are the
children who sometimes are referred to as “1cyanohc tetralogies "%
Dunng mfancy and early chidhoad they may show a characterssic
picture of ventnicular septal defect wath pulmonary stenosis {p 322)
It 15 my belief that early m hfe these patients have a pulmonary resist
ance considerably lower than the systemic resistance As the cluld grows
and as the night side of the heart hypertrophies the pulmonary obstrue
tion becomes more and more fi and the pred ly left to
nght or balanced shunt through the entncular defect becomes a
domipantly night to left one A loud systohe murmur is always present
at the lower Jeft stemal border dunng mfancy a diastolic rumble may
be heard These patients do not have anouc spells but dyspnea on
exerhon becomes more mamfest through the years Sguatting may not
appear until five or six years of age or even later Cyanosis 1s minmal
at rest but becomes noticeable on exeraise and 1 cold weather Poly
cytherma 15 not present but the levels for hemoglobin and erythrocytes
are lugh normal Sometimes with this mmimal symptomatology adapta
tion 15 eatremely difficult for these chuldren For all practical purposes
they look lihe everyone else and stll they cannot do nearly as much as
can the majonty of their ¢ 1es Probably life exp y should
be placed between the second and fourth decades or even higher
certamn cases The causes of death are the same as those mentioned n the
discussion of the previous group

COMPLICATIONS

Among the complications of tetralogy of Fallot a number of
rather important entities should be mentioned

Bram Abscess If signs and pomtuig to mvolvement of
the central nefvous system develop i a patient with tetralogy of
Fallot or vther congemtal heart disease with a right to left shunt the
diagnosis of a bram abscess should be thought of wumediately These
patients are usually more than two years of age and are polycythemic
A munor febnle allness sore throat or upper respiratory wnfection occurs
first About seven to ten days later headaches may develop yomting
occurs and there are personality changes and perhaps focal neurologe
lesions with comulsions Fever may or may not be present The sig
mificance of papilledema may be hard to evaluate m a child with seyere
¢yanotic disease Changes in the motor and sensory spheres may be
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clietted and pathologie reflies may be present A positne hermgs
sipn may be noted Laboratory exammation may reveal Jeukocytosis
lthough brun abscess 15 one of the fuw instances m which a locahzed
collcetion of pus muy occur without in ncrease m the polymorphony
ciear edil count Lumbar puncture usuilly shows some increase m cere
brospwmal fluid protein content the ccll count may or may not be m
creased and the sugar content 1s usually normal The electroence phalo
tram may mdicate 1 locahzed process

Under these crrcumstances as stated before the dirgnosis of bram
abscess should be suspected and the advice and ad of a neurasurgical
consultant should be sought It may be preferable to adopt the conserva
tive attude of careful obsenation or it m1y be better to proceed
ymmediatelv by dnlling burr holes over the night panicto oceipital region
the most common site of abscesses 1 this condition or wherever the
ele phalog; shows localized abnormalities 1% If the neuro
surgical consultant prefers to watch the patient for a few hours or days
evidences of acutc menmgitis may mamfest themscves as the abscess
starts leahing At this stage another lumbar puncture s mdicated this
usually reveals a Iugh cell count and a low sugar content As soon as the
diagnosis of bramn abscess 1s made surgical evacuation 1s mdicated with
sunultancous antibtotic control of the wnfection Within the past five
years at least threc brain abscesses 1n patients wath the tetralogy of Fallot
have been operated on successfully by the neurosurgeons at The Clul
drens Medical Center in Boston

Why patients with tetralogy of Fallot are prone to the development
of bram abscesses has not been satisfactonly cxplamed so far It 15 pos
sible that infected emboli from the systemic venous reservorr are carned
across the ventrcular defect and propelled dwectly through the carotid
arteries up to the central nervous system It 1s 1lso perfectly feasible that
cerebral thromb: inherent m the polycythemia of these patients may
become secondanly infected during a transient episode of bacteremia
The organism recovered from the abscess 1s usually the alpha strepto
coccus although other etiologic agents such as Hemophilus influen.ae
Staphylacoccus aurcus gram negative and gram positive rods and
Pseudomonas aeruginosa have all been encountered

Hemuplegia  Hemuplegin wathout any evidence of a space occupy
ing lesion of the central nervous system 1s probably due to cerebral
throm} bolism or profound anoxia It usually occurs m nfants
less than two years of age with marked unsaturation There 1s no clear cut
correlation between the hematocrit level and the occurrence of 2 cere
brovascular d Somet 1ts follows a severe anoc
spell at other times it 15 noted immediately after a4 shunt operation It
may be more common mn bot weather with conscquent dehydration or
dunng febnle illnesses when the patent refuses to drink

Obviously this condition for whuch only pallatie treatment and
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physiotherapy are available should be carefully differentiated from a
remediable bramn abscess If the chmeal picture and the cerebrospinal
flmd findings are equivocal burr holes or even eploration may be
indicated It may be possible to prevent flus type of cerebrovascular
accident by malung certain that the patient has an adequate fluid intake
under all circumstances and that any nfections are promptly treated 1
am not convinced of the value of venesection m these patients
Relative Anera and Polycythemua  One of the adaptatne mech
anisms of the orgamsm to low artenal oavgen saturation 1s the increase
m oxygen carrying capacity {p 277) of the blood by the development of
polycythemia and increased hemoglobin content of the mdividual red
cells Indeed 1t may be demonstrated that cyanotic infants with low
erythrocyte counts and low hemoglobin levels perform less adequately
and have considerably more symptoms than if their hemoglobin and red
cell counts were raised to more adequate levels The limiting factor of
this mechamism 15 obviously the mcreasing viscosity of the blood It may
be seen from Figure 293 that when the hematocnt reaches 65 to 70 per
cent further werease will entul a considerable rise m blood viscasity
resultmg 1 1mpedmment of blood flow sludging and even decreased
delivery of oxygen to the tissues
On the basis of these observations a theory of optimal hematocnt
for patients with cyanotic disease has been developed 97 We have seen
patients with severe arterial unsaturation and hemoglobm levels of 10
t0 13 gm per 100 m! of blood erythrocyte counts of 6 to 8§ mlhion and
hematocnt levels of 40 per cent these children have a relative hypo
chromic anemia easily correctable by won admmstration The resultng
mcrease 1n } 15 usually pamed by marked symptomatic
improvement until the level reaches 70 to 75 per cent after which the
symptoms observed at the low hemoglobin level recur
At present 1t 15 our policy to treat with won all patients with
tetralogy of Fallot who are hypochromic 1rrespective of the actual Jevel
of erythrocytes We usually stop or decrease won admimstration when
the hematocrit level reaches 75 per cent If when the patient 1s first
d he hasa h 1t reading of 80 per cent or more and 15
severely sy te may be ly attempted If the
remoyal of small merements of blood results 1 a decrease 12 symptoms
1t may be repeated until the hematoent level reaches 63 to 70 per cent
If on the other haud symptoms do not mmprove or if they become ag
gravated by venesection the Jure should be abandoned mmmed:
ately If the patient 15 relatively asymptomatc to begm with venesection
1s not recommended at all regardless of the level of the hematocnit
In summary I believe that patients with tetralogy of Fallot and
PP ble artenal bably function best with a hemato
crit Jevel of 55 to 75 per cent If the values are lower than this iron 1s
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mdicated f they are higher and the pttient 1s severely symptomatic
venesection may be attempted cautiously
Rheumatic Fever and Rheumatic Heart Disease  Rheumatic fever
and rhcum;mc heart disease are rare in patients with tetralogy of Fallot
Bactersal Endocard, Sat bacternal endocirditis
represents a statistically sigmificant danger for cluldren vath tetralogy of
Fallot

DiwrrerenNTIAL DracNosts

Pulmonary Stenosis with Intact Ventncular Septum Sce page
449

Single Ventncle Sec page 340

Truncus Arteriosus  See page 375

Trcuspd Atresia  Only on the basis of the electrocardiographic
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evidences of left ventricular hypertrophy can tncuspid atresit be differ
entiated from tetralogy of Fallot In every other respect they may
be indistingmishable from each other

Aortic Atresia Aortic atresta should seldom be confused wath the
tetralogy of Fallot because of the large heart and deep cyanosms noted
at birth

Complete Transp Complet position of the great ar
terses with pulmonary stenosis presents a chnrcal picture which for all
practical purposes may be indistnguishable from that i sev.re tetralogy
of Fallot This should hardly be surpnsing mn view of the fact that m
both conditions pulmonary stenosis 1s present and the aorta receives
nght ventcular blood Clearly then the differences are quantitatnve
rather than qualitatne Clinical hints suggesting complete transposition
of the great arteries may be found 1n the fact that these wfants 1re
usually grossly underdeveloped ther bearts tend to be large therr
cyanosis 1s usually fauly severe and survival beyond the age of one year
15 not cornmon Cardiac cathetenization usually 1s not helpful m the

differential di but d hy 1n the sharp left lateral
position revealing the 1orta to communicate only with the night ventncle
may be d of lete t 1on of the gret arteries

Levocardia with Abdommal Situs Inversus and Absent Spleen
These patients 1f the examination 1s restncted to the cardiovascular
system may look hike typical patents with tetralogy of Fallot If how
ever an abdommal situs nversus 15 discovered on physical examimna
tion or at fluoroscopy the suspicion of the absent spleen syndrome should
be raised diately In the prek h of Ivemark * 7
1t 1s pownted out that this syndrome 1s almost never accompanied by a
straightforward tetralogv of Fallot type of lesion but includes with a
high statistical probability lesions such as atrioventrtculans communis
truncus arteriosus pulmonary atres:a or transposthon of the great
arteries As expected the usual surgical proceduses used for patients

wath the tetialogy of Fallot prove fatal to a large proportion of these
children

TREATMENT

In 1945 Blaloch and Taussig ¢ reported the first results of their
shunt” operation aimed at increasing the pulmonary blood flow by
anastomosing a systemic artery (usually the subclavian) to the pul
monary artery Potts and Ius associates achieved the same purpose by
establishng a durect connection between the aorta and the pulmonary
artery 2 ¢ More recently Brock advocated durectly reheving the stenosis
of the nght ventnicular outflow tract Finally Laillehe: and hus assoct
ates * with the help of cross circulation and the Mayo Chue group 1%
with the axd of a pump ovygenator were able to create a bloodless field
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mn the heart and thus repur both the sentricular septum and the pul
monary stcnosts m patients wath tetralogy of Fallot

The desirbility of the Jatter two procedures that 15 the complete
repair of both mujor defccts of tetralogy of Fallot depends entirely
on the safety of the operation At the wnting of ths book the procedures
still mvolve a 20 to 25 per cent mortality nish this scans too high a
fipure particululy since pallintive opcrations with much lowcr mortahty
rates are avalable Noverthidess although today I probably should not
recommend direct opcration for a patint with uncomplcated tetralogy
of Fallot there 1s little doubt that this will be the procedure of choice
within a short time—that 1s as soon as the safety of the surgical approach
1s increised In the mewmtime the walability of complete repair colors
significantly the mdications for palliatine operation Since direct repair
15 Just “around the corner” a shunt procedure is not usually recom
mended unless the symptoms are really severc

By defimtion the three palliatve procedures—Blalock Potts and
Broch—do not am to correct all the components of the tetralogy of
Fallot They are designed sunply to increase pulmonary flow and thus
to mcrease the oxygen content of the mined blood offered to the aorta
As a result of successful operation there 1s a deercase m cyanosis and
clubbing with 1 sigmificant 1mprovement m excrase tolerance

Of the three palhative procedures two are shunt” operations that
1s they establish a communication between the torth and the pulmonary
artery erther directly (Potts) or via the subclivian artery (Blalock) In
effect then another malformation 1s added to the defects of tetralogy
of Fallot At The Clildrens Medieal Center most of our eapenence n
this ine has been with the Potts procedure Our surgical staff performs
2 Icft thoracotomy on all these patrents and if the aortic arch 1s foun
to be on the left a Potts procedure 1s camed out Comversely »f the arch
1s on the nght a Blalock operation 1s performed using the left subclavian
artery ' The only deviation from this policy occurs mn small infants m
whom a Potts procedure 1s practically mandatory thus for 1 night aortic
arch m an nfant a nght thoracotomy 1s performed

Our over all mortahty with this approach has been 11 per cent In
children less than three years old the mortality was 30 per cent while
1n patients more than three years old 1t was only 7 per cent Potts *
reported on 500 unselected cases with a mortality of 15 per cent the
children less than three years old and 28 to 4 6 per cent 1n those more
than three vears of age Taussig and Bauersfeld® reported comparable
mortality figures in thewr first 1000 cases

The operative results are dramatic Appioxmately 90 per cent of
the survivors re able to lead relatively normal ves They are able to g0
to school and to enjoy noncompetitine sports they do not squat and their
color 1s practically normal The remaining 10 per cent show moderate
improvement or none at all
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Figuse .94 Coptinious murmur 10 tetralogy of Fallot patient after succer ful Potts
procedure

The measure of the success of the operation can often be judged
best by the development of a contiauous ductus the vurmue (Frg 294)
1t the second interspace on the sidc of the operattan Usually with the
Patts procedurt the murmur 1s andible within the first day after opera
ton while with the Blalock operation the murmur may not be audible
for @ week or more Ewidences of left ventnicular hvpertrophy become

ble m the elec diogram (Figs 205 206) it semtncular and
left atra} enlargement are commonly seen by xray (Fig 297) Pul
monary ascular cngorgement of shyht to moderate degree may be
visible in the postoperative Blm

How long after a shunt procedure this clinical improvement lasts 1s
1mpossible to tell It may be said, however that few of the people (less
than 1 per cent) whose operation was 1ubally ful need reopeta
tion if a chuld shows definste improvement within the first six postopera
tive months the results are stll good as many as ten years later The
asastomasis f adequate within the first six manths rarely 1f ever closes
as far as we koow at the present ime If the anastomosis doses—if the
continuous murmur disappears—it usually was not satisfactory w the
begnning

If the operative shunt (usually the Potts type) s too large the
patient may go mto congestive falure within the first week or two after
operation This s evidenced by a byperdynamic cardiae impulsc pul
monary rales systeme congestion appearance of apicat diastolie mar
mur wide pulse pressure and marked cardiae enlargement I most
mstances this can be remedied by vigorous antcongestive measures pur
sued for six to eaghteen months Fyventually perhaps through the devclop
ment of some degree of pulmonary vascular obstruction the arculation
adjusts stself and within one or two vears the patcnt begins to show
the full benefits of the operation (Fig 298)
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Figure 205  Elcctrocardiogram of patient with tetralogy of Fallot
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Figure 296 Electiocardiogram of the same patient as 1n Figure 295 after 2 1:1‘!;;
procedure Note the mcrcase n left ventricular potentials m leads aVr and b7
the increased oltages 1n leads 11 and 11T
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A

Figure 297  Posteroantenor radiograms of a patient before {A) and after (B) a
Potts procedure A “ote ischemic lung fields and a small heart B “ote pulmonary
ascular engorgement pasticularly 1 the region of the left pulmonary artery and some

cardiac enlargement.
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Fgure 298 A Posteroanterior view of typical tetralogy of Fallot B Postero-
antenior view «f the heart of the same panent aftcr operation, showing marked cardhac

and pulmonary vascfar o three months later C Disappear
and of heart size after adequate anh

ance of
congestine treatment



474 CONCENITAL HEART DISEASE

Of course 1f evidences of congestive fulure appear postoperatively
m a patient thought to have tetralogy of Fallot one must be certam
that the preoperative diagnosts was not faulty and that the child s not
suffering from pure pulmonary stenosis or a transposition of the great
arteries neither of which lends stself to symptomatic rclief by means of
this technique If the diagnosis was wrong obviously anticongestne
measures will not satisfactonly solve the problem the nistomosis may
have to be closed and an appropriate operation 1f techmeally possible,
performed

A word may be said here about the reisons why pure pulmonary
stenosis and transpoation of the great artenies do not respond well to a
shunt procedure In transposition of the great artenies the answer 1s
simple Dirumished pulmonary blood flow 1s not the principal cause of
cyanosis 1 these patients furthermore establishing an aortopull Y
anastomosts does not necessanly establish the type of shunt that 1s most
useful under the given crrcumstinces Even if an ortopulmonary shuat
15 nceded n transposition of the great artenies with pulmonary stenosis
without an appropnate sized atrial septal defect such 1 shunt may have
disastrous results

Wh;y patients with pulmonary stenosis of the 1solated type respond
poorlv or even go mto congestive fallure after a shunt procedure has
become clear only relatnely recently If the patient wath this anomaly 1s
not cyanotic then obviously a shunt operation recirculating fullv oxy
genated blood through the lungs will not accomphsh anything beneficial
If the patient s blood 1s unsaturated because of a night to left atral shunt
then the cyanosis may be helped by the shunt operation but 1t does not
remedy the more serious underlying problem As mentioned before m
patients with pure pulmonary stenosis 4 shunt from nght to left will not
occur until nght atnal pressure 1s higher than left atnal pressure that 1s
until the nght ventncular diastolic pressure s elevated This on the other
hand means nght ventnculr fulure In this situation then the basic
difficulty 1s night ventricular falure a condition not remediable at all by
establiching an aortopulmonary shunt (This 1s 1n marked contrast to
tetralogy of Fallot 1n which congestive fatlure does not occur m chuld
hood ) Consequently patients with pure pulmonary stenosis and a night
to left shunt go into congestive failure after a Potts procedure prmn
cpally because they would have done so anyhow Another added reason
for the devcl of fulure postoperatnvely 1s the fact that 1s men
tioned earlier the mcreased left ventricular flow work may easily lead
to left ventricular fulure m any patient after 1 shunt operation Left
ventnicular farlure then leads to left atrial and pulmonary capillary
hypertension This on the other hand leads to pulmonary artersal hyper
tension and increased pght ventricular work

The comphcations of tetrilogy of Fallot enumerated on page 465
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apparently do not occur any more frequently sn patients after a shunt
procedure than before

On the whole the shunt operation once 1its essentially palliatine
nature 1s ap d 15 1 sabisf: Y p dure which gnes maximal
symptomatic rehef with muumal nsh However it does mcrease sig
mficantly the work of the heart, and after a number of years this wall
probably cause congestnve falure 1 many if not all patients oper
ated on

The search for a more phystol pproach to the problem of pul
monary stenosis with yentncular defect and nght to left shunt led Brock
to consider the use of s valvotomy techmqgue m these patents At the
time this was first mentioned st sounded Like a most attractve 1dea and
to some people 1t still does Although even the mast ardent supporters of
the procedure have to admit that the operation fails to cope with the
ventricular septal defect, even 1its most vociferous enemies must admit
that the Brock procedure at least relieves one condition nstead of adding
another anomaly to those already existing The operative results in the
most successful cases have been magmficent. Patients operated on by
Brock and by others in this country have shown more sthing chneal
1mpros ement than those with the best results from the shunt operation
Without the use of the stethoscope one could barely dishingush these
children from normal ones There are 2 number of dufficulties to be
considered, however

Furst the mortahty figures even 1n Brocks hands are approximately
12 or 13 per cent,” and few if any of these pabents have been small
nfants Thus one 1s confronted with a palliative procedure which entails
a considerably Ingher nsh than the shunt operahon Second, Brocks
expenience of finding pure valvular stenosis 1 30 per cent of hus cases
and combined valvular and infundibular stenosis 1 another 15 per cent,
does not correspond to our expenence or to the expenence of most
Amernican observers 1  Therefore 1 most imnstances we would have ta
use the less favorable mortality figures relating to mfundibular resection
rather than the more favorable ones applying to valsotomy Third the
Postoperahive course 1s stormy 1 many of the patients Sigmificant cardiac
enlargement pencardial effusion congestve fmlure (Fig 299) and
pulmonary regurgitation {¥ig 300) all are rather common complications
of the Brock procedure 1n patients who have pulmonary stenosis with a
venimoalar seplel defect Many thoogh not 2l of Whese patents recover
but are left with a loud murmur of pulmonary regurgitation and a con
siderably enlarged heart Finally our surgeons at The Chuldrens Medical
Center believe that eventual complete repair of both the mnfundibular
stenosis and the ventncular septal defect may be considerably easier if
the my dium has not p ly been d d by a t
1nC1510n

All these considerations lead us to beleve that m most cases of

cular
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Figure 299 Posteroantenor radiograms of paticnt with a tetralogy of Fallot under
going a Brock i 1 Preopcrative rad B diatel: )
€ Three months later Note the marked cardiac enlargement appearing immediatcly
after operation which recedes to a certain extcnt 1n the Jast film

tetralogy of Fallot at this ime a shunt procedure may be preferable
to the Brock approach Ve are cogmzant of the fact that both these
operations are only temporary expedients once the palhatinve nature of
the operation 1s recogmzed we prefer the approach carrying the least
nsk and offering the least chance of jeopardizing further operation on
the heart

The dications for palliatine surgery n patients with tetralogy of
Fallot are twofold In one group of patints—usually small infants with
severe anovuc spells—it may be a hfesaving measure In these situa
tions prompt operation 1s recommended 1f the spells either occur so
frequently (several times a day) or are so severe (loss of consciousness
convulsions) that the mfants Dife s endangered As mentioned earher
the mortahty 1 this group 1s high but there 1s really no choce but to
go ahead with the operation

The second group of patents in whom a shunt procedure should
be @sldered are those whose dyspnea on exertion 1s so severe that they
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in a patent with
tetralogy of Fallot who has undcrgnnc a Brock pm(cduxe Note the appearance of
long diastolic murmar 1n the postoperative record

are unable to lead a relatively contented and happy lLife Severe dyspnea
on exertion 1s rather well tolerated by toddlers who play at home and
can set their own pace however ns mentioned before an entwely duf
ferent situation anses when they enter school One further point to be
considered 1n appraising, the group 15 the course of the disease Has there
been recent deterioration or improvement 1n the patients condition or
has 1t remamed unchanged? If on the whole the patient 15 better off
this year than last year or the year before we would not advise opera
tion at present On the other hand if the symptoms within the past
months or year have been bad or have been getting worse operation
1s recommended In thus group of children the optimal age for gperation
15 probably between four and fifteen years

Preoperative cathetcnzation or

| 4 1
phy 15 not
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if the chimeal profile 1s classtcal The hematocnt level before operation
should be approximately 50 to 60 per cent venesection or pached cell
transfusion helps to achieve this Digatahs quimdine or procame amude
15 not given preoperatively unless specificall i } The postop
tive course 15 usually uneventful

Medical management 1s important in the handling of these children
In perhaps no other part of pediatrics 1s the art of medicine put to a more
strenuous test than in the skillful handling of these patients and their par
ents Sometimes 1t 15 eatremcly hard to kecp up the parents courage and
teach them to accept the situation s one with which they may have to hive
for a number of years Only shyhtly less difficult 15 the decssion when
to advise operation one must either take the nish of a number of fanly
severe spells or be ready to face the derable dangers of )
m voung infants Al these problems the physicran must solve to the best
of lis abihity and with considerable humbleness hnowmng that lus de
cisions unfortunttely will not always be correct One small practical
pomnt should be 1 if these cluldren are adi 1 to a hospital
ward for study or operation the staff should be forewamed that “routine”
blood tests and other laboratory tests should be taken only with the utmost
caution and sometimes onlv under sedation Major spells and ¢consequent
death have been caused by unskilled attempts at vempuncture 1n a small
child with a tendency toward anoxic spells

Susivary

The large majority of patients more than two vears of age with
cyanotic congenital heart disease have pulmonary stenosis with a nght
to left shunt through a ventricular defect~that 15 the tetralogy of Fallot
The chmeal profile 1s charactenized by a small heart a stenohic murmur
at the left sternal border a dumimshed pulmonary second sound poorly
vasculanized lung fields and nght ventricular hypertrophy The prineipal
handicaps resulung from this defect arc anovic spells during wnfancy
and severe dyspnea on esertion throughout childhood and adult hfe A
shunt operation 15 a hfesaving measure as far as the speils are concerned
and 1t affords symptomatic relsef for the exercise intolerance Esventually
complete repar of the ventricular defect and the pulmonary stenosis v
1s desirable

TersaLocy oF Farter with UsiLateral PurMonam ATRESIA

It has been pointed ont i the previous section that the shunt operd
tion 1s 1 my opimon the procedure of choice at this time for correction
of tetralogy of Fallot It 1s ymphat i the operative techmque that
the ful liskh of an aortopul 3 shunt depends
to a large eatent on the availabihity of a pulmonary artery through which
the systemic blood can be directed to the lungs and on the presence
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Figure 301 Diagrammatc presentation of tetralogy of Tallot with atresia of the left
matn pulmonary artery and marked dilatation of the nght mam pulmonary artery 37

of a second vessel to mantan the pulmonary circulation durng the
penod of temporary occlusion of the first vessel A rather rare vanant
of tetralogy of Fallot m which only one mamn pulmonary artery s
prescnt will be discussed here briefly because of the speaific difficulties
that tlus situation presents during operation

IncioEnCE

Ths ly 1s a rare cond have found only five such
cases duning the past ten y<ars 1n our chme 57

AnaTony

The anatomue situabion 15 s;smalar to that found i the classical
tetralogy of Fallot Pulmonary stenosss {usually valvular) 1s assocated
with a ventneular defect overnding aorta and nght ventneular hyper
trophy The only dishngwishing feature 1s that one pulmonary artery
{usually the nght) shows derabl il

while
the other 15 completely absent (Fig 3011
PuysioLocy
Hemoad 1} 15 also dly 1d 1 with

the
that found m tetralogy of kallot cxcept that the circulation to the
lung which 1s not suppled by a

y artery 1s exch ly through
collateral channels
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Figure 302  Phonocardiogram of patient with atresta of the left maw pulmonary
artery Note the loud murmur at the second nght mterspace with considerably famter
murmur at the second left 1nterspace 237

CriNIcAL PICTURE

In terms of symptomatology the clmcal picture cannot be dis
tmguished from that of straightforward pulmonary stenosis with ven
tricular defect and a night to left shunt of rather severe degree

On physical ex the only dist 3} feature 1n these
patients 1s that the stenotic murmur propagates almost exclusively to
the side where the large mam pulmonary artery 1s This results 1n a mur
mur at the second nght interspace (Fig 802) m patients with levocardia
and at the second left interspace m those with dextrocardia

The electrocardiogram reveals the usual pattém of nght ventricular
hypertrophy

The roentgenologic picture 15 the only truly diagnostic feature of
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Figure 303  Postetoantenior radiogram of patient with atresia of the left mam pul
monary artery Note the 1schemic left lung field with plethoric nght lung field

thus condition these patients show marked dimmution of the pulmonary
vasculature and a small lung volume on one side and a dilated main
pul y artery with pul y vascular
sionally hular dance on the other (Fig 303)

At cardiac cathetenzation valvular pulmonary stenosts
ventnicular hyperte: i the range 1s

Angocardiography 15 the most specific diagnostic tool revealing the
overndmg aorta a large nght mam pulmonary artery and no opacifica
tion of the left main pulmonary artery (Fig 804)

and even occa

with nght

Cousse AND PrOGNOSIS

The expected course of this entity 15 difficult to outlme with any
accuracy because of the meager number of patients available Three of
our five patients live severely restricted lives and are five to ten years of
age at present One nfant d severe pul
because of the compression of the nght mamn bronchus by the aneurys
mally dilated nght main pulmonary artery this infant died after an

attempt at surgical correction A ffth patient with extremely severe
p was full, d on

DrrrerenTIAL D1acNosts

Tetralogy of Fallot ~ Tetralogy of Fallot may be distingmished from
this entity by the uniformly 1schemic lung field and by the transmission
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Figure 304 with d 1t ! 1n a patient with atresia

of the left mam pulmonary artery 94

of the systolic murmur to the left side of the chest if the heart 15 18 the
normal posihon

Pulmonary Vascular Obstruction with Ventricular Defect and
Right to Left Shunt  Pulmonary vascular obstruction with sentriealar
defect and nght to left shunt may be confused with tetralogy of Fallot
with unilateral pulmonary atresia because of the pulmenary plethora 1
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one hemithorax The presence of the stenotic murmur and the uneven
distribution of the vasculature suggest the correct diagnosis rather eastly

Hemutrupcus  Hemutruncus with a large pulmonary artery to one
lung and no pulmonary artery to the other cannot be differentinted from
this condition eacept by means of an angiocardiogram 1 the correct
posihon

TREATMENT

Because of the technical difficulties outlned in the mtroductory
paragraph operation probably ought not to be recommended for the
tune bemng unless the symptoms are well mgh mtolerable In that case
a nght Blaloch anostomosis to the Jarge nght mun pulmonary artery is
recommended The operative nshs are igh

Suarmary

Patients who have a vanant of tetralogy of Fallot with unilateral
atresia of one pul y artery and dilatation of the other
may be recogmized by the peculiar transmussion of the murmur and
the uneven distribution of the vascular pattern as shown on the roent
genogram Since operation 1s fraught with more than average nsk
1t should not be r ded unless 1t 1s absolutely necessary I a shunt
procedure stll scems desirable the anastomosis should be effected to the
large pulmonary artery rather than attempting to find a vessel m the
completely undervasculanized lung field

IDIOPATHIC PULMONARY REGURGITATION
INCIDENCE

Whereas of the pul y valve 1 patients with
pulmonary vascular obstruchon <(ichopathie or assocated with congent
tal heart disease or mitral stenosis) 1s a farly common occurrence
pulmonary regurgitation as ansolated phenomenon 1s rare One such
case has been described by Rellberg and Ius assocrates 11 We huve
seen three such patients 2t The Cluldrens Medical Center 1 Boston

ANATOMY

To the best of my knowledge no anastomc studies are available m
any patients with this syndrome In all hkelihood the condition 1s con
gemtal
PisioLosy

Patients with rdiopathic pul Yy 1on are cf 1zed
by the presence of a loud early dastolic murmur m the pulmonary area

and low diastolic pressure m the pulmonary artery without any other
hemod. b ity  Physiol lly the results of even maumal
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Figure 305 Phonocardiogram of patient with 1diopathic pulmonary regurmtation

pulmonary insufficrency are shght ! 1 the normally low diastolic pressure
1 the pulmonary artery precludes the regurgitation of large volumes of
blood during ventricular diastole

Crinvicar Prerure

No symptoms attnbutable to heart disease are present On physteal
examination the most stuking finding 15 4 loud early diastolic murmur
even accompamsed by a drastolie thnll at the sccond to fourth left mter
space with a decrescendo configuration (Fig 305) A systohc murmur
of lower tensity and frequency may also be heard 1n the same area,
however this lacks the typical charactenistics of a stenotic murmur The
heart sounds are normal mtereshngly enough the pulmonary secoud
sound 1s of only average intensity and sphiting The rcst of the physical
exammnation 15 entirely negatnve Most important the pulse pressure s
well wathun normal hmits

R no m the trans d of the
heart 1s noted The mam of the y artery 1s p t
and pulsates vigorously (Fig 808) The pulmonary vasculature s well
withio normal hmts

The electrocardiogram 1s normal

Cardiac cathetenzition shows normal hemodynamies w1th the ex
ception of a low pulmonary arterial diastohe pressure

Angiocardiographic studies have not been performed on any of our
patients

COURSE AND PROGNOSIS

On the basss of hmited expertence 1 believe that tlus condition 1§
probably compatible with normal life expectancy and a fully active hfe
DiFFERENTIAL Diaenos1s

Aortic Regurgitation  Sometumes 1t 1s dufficult to distngwish pul
monary from aortic regurgitation on the basis of the Jocalzation and the
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Figure 306 Posteroantenior radiogram of patent with idiopathie pulmonary te
gurgitation Note the relatively normal sized heart wath markedly prominent mamn
pulmonary artery but narmal pulmonary vasculature

ential diagnosis are the wide pulse pressure and the lustory of rheumatic
fever 10 patients with aortic regurgitation

Patent Ductus Artenosus or Ventrieular Septal Delect with Aortic
Regurgitation  Patent ductus artenosus or ventrcular septal defect

character of the murmur alone The most mmportant points m dlﬁerj

with aortic i are relatnely easily d bed from 1dio
patliue pul v o0 by the of pul v vascular
engorgement m the yoentgenogram O dly cardiac catk

1s necessary to exclude the presence of a small left to nght shunt
Pulmonary Vascular Obstruction  Perhaps the most common cause
of puimonary mnsufficiency pull y vascular ob 15 distin

gushed from 1d tuc pul Y on the basis of ev1

dences of pulmonary artenal hypertension such as 2 ninging pulmonary
second sound and ewidences of nght sentnicular hvpertrophy m the
electrocardiogram

Valvular Pulmonary Stenosis Valvular pulmonary stenosis of
manumal degree may be accompamed by a murmur suggestive of pul
mogary regurgitation As pomted out earher actually this 1s only a
conhnuation of the svstolic murmur beyond the aortic component of the
second sound, a phcnomenon relatively easily demonstrated phonocardio

graphucally  Furthermore the systolic murmur 15 always louder and
stenotic 1n character
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TREATMENT

No treatment 1s necessary for rdiopathic pulmonary regurgitation
beyond reassurance to the parents and the chdd

Sunniary

An erly diastolic murmur at the pulmonary 1ren accompanied by
roentgenologic evidence of a large mun pulmonary artery segment and
perfectly normal hemodynimics charactenizes the syndrome of 1dio
pathie pulmonary regurgitation The condition 1s nnocuous and requires
no trcatment

TRICUSPID ATRESIA

In tncuspid atresin no direct communtication easts between the
nght atrum and the nght ventricle The nght atrial blood 1s shunted
through a foramen ovale or 1n atnal defect nto the left atnum where
complete minture with the pulmonary venous blood occurs

Incmence

Tncuspid atresia has been regarded as one of the rarest congenital
cardiac diseases but it must be dered 1 the diff 1al d
of every patient with cyanotic congenital heart discase Brown 3¢ in the
latest edition of Ius book mentioned fifty cases collected from the Litera
ture Abbott! reported siteen 1 her sertes We have seen twenty three
proved cases at The Childrens Medical Center i Boston wathin the
past ten years wnd are followng up at lewst twents five more patients 1n
whom this diagnosis 1s based on climeal observations alone Thus w my
opmion this anomaly may be more common than was hitherto suspected
Campbell” stated that patients with tricuspid atresia constitute about 5
per cent of the pattents with cyanotic congenital heart disease

ANATOMY

On the basis of the natomuc situation 1n the ventricles Edwards
and his co workers®® distinguished four tvpes of trcuspid atresiz de
pending on whether or not the great artertes are transposed whether a
defect m the ventneular septum eusts and whether there 1s stenasis of
the pulmonary artery (Fig 307)

Embnyologically the defect probably occurs about the fourth of
ffth mtrautenine week and 1s due to an incomplete shuft of the common
atrioventncular canal so that the ventncular septum growing up from
below fails to diide 1t evenly The lesions associated with tncuspid
atresia such as atrial defect, patent foramen ovale patent ductus artert
osus or hypopl. pul y artery probably result from the altered
hemodynanucs caused by the tncuspid atresia
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TRICUSPID ATRESIA — ANATOMICAL DIVISIONS
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Figure 307  Schematic prescntation of the vaneties of tncuspid atresia (After
Edwards )
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PmsioLocy

The physiolagic consequences of tncusprd atresia are mamfold 4
The first and most important result 1s the presence of artenial unsatura
ton due to a complete muing of systemtc venous and pulmonary venous
blood m the left atnum The degree of unsaturation depends on the ratio
of pulmonary venous to systemic venous return within this common left
atnal pool this m turn 1s dependent entirely on the size of the pulmo
nary blood flow The larger the pulmonary blood flow the less marked 15
the cyanosis thus patients of types Ia Ib and I1b of Edwards classifica
tron have marhed cyanosis (Fig 307) On the other hand patients of type
I1b, with large pulmonary blood flow do not have to show definite
cyanasts at all

A second and equally important physiologic consequence of i
cuspid atresia 1s the underdevclopment of the nght ventricle i types
Ia and Ib as a result of the madequate blood flow through it The third
phystologic handreap 15 the elevated night atnal pressure necessary to
force the caval blood over to the left atmum this m tum results
mcereased systemic venous pressure and eventually congestive failure
This then results an the paradovical situation of night atnal by pertension
without concomitant nght ventncular hypertension

Crinicar PicTURE

The chinical picture to be described 1s based principally on the find
ngs 1n our twenty three proved cases of tricuspid atresia

These children are all sick m early infancy Severe cyanoss s the
dommant symptom we have seen only two patients 1 whom little or no
cyanosis was noted In addition dyspnea fatigue anouc spells and of
great mportance evidences of right sided falure are observed Squat
tng 1s rare

At physieal exammation the majonty of the mfants are markedly
undernounshed and poorly developed cyanosis and clubbing are readily
apparent Left sided chest prominence 15 absent the thorax either s
symmetrcal or may show a shght bulge on the nght side of the sternum
A thnll 15 palpable 1n only about a fourth of the patients Constderable
hepatomegaly occasionally with presystolie pulsations 1s present i more
than half Pulmonary rales and evidences of left sided failure are um
formly absent At auscultation the heart sounds are clear and narrow at
the lower left sternal border Pulmonary closure 1s never accentuated as
a matter of fact 1 most atas d hed 1 mtensity A grade 8
to 4 harsh blowng systolic murmur 15 audible at the lower left sternal
border m more than half of the patents In the others probably the
sichest ones oply famt murmurs or none at all are audible TInterestingly
enough no atnal sound or diastolic murmur 1s present

The electrocardiogram 15 always abnormal for the age of the patrent
Left ventrrcular hypertrophy (or left ventncular dominance mn young
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Figure 309 Electrocardiogram of patient with tricuspid atresta showing extreme
nght aus deviat:on with night ventnculas hypertrophy n chest leads
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R-1337 L 3
Figure 810 The classic radiological picture of tncuspid atresia m the postero-
antenior and the left anterior oblique views Note the absent nght border 1 the postero-
antentor view and the cut off antenor border m the Ieft antenor oblique view

infants) or P pulmonale 1s noted 1n almost every instance, frequently
both features are present mn the same. patient (Fig 308) Left axs devia
twon 1 the standard Itmb leads 15 common I have seen pahénts with
tricuspid atresia who had night ass deviation with nght ventricular
hypertrophy chest leads (Fig 309)

The roentgenologic findings have been summanzed by Wittenborg
and lus associates 35 The classic picture (Fig 310) characterized by the
straight night border with a pul y artery t 1 the an
teropostenior view and the straight antenor border n the left anterior
oblique projection 1s certainly not the only radiologic configuration ¢o
countered in this disease Depending on the size of the mteratnal com
mumnication and thus the size of the nght atnum exther the classic picture
or a coeur en sabot configuration (Fig 311), or even the picture of
destrocardia (Frg 312) may be encountered Cardiac enlargement 15
always present and may vary from muumal to marked degree The pul
monary i 15 greatly di hed except i the rare patient with
complete transposition of the great artertes The mamn pulmonary, artery
segment 1s small or absent The aortic arch 1s on the left in 90 per cent
of the cases No clear cut differentiation between nght and left ventnicu
lar enlargement 1s possible by radiologic means Astley and lus asso
ciates’? described enlargement of the left atnum i the night antenor
oblique and the posteroantenior view In the latter projection this gives
nse to a “square heart.”

No Jarge series of patients have undergone cardrac cathetenzation
therefore few physiologre data are available 1n this condition The meager
obsen ations we have made (Fig 313) indicate (1) There 1s no merease
m oxygen content m the nght atnum The catheter cannot be passed
ito the nght ventncle but enters with relatne ease the left atnum and
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Tigure 311  Coeur en sabot configuration tn a patient with tricuspid atresia
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Figure 312 Deatrocardia bhe picture in patient with tricuspid atresia
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Figure 313 3, P of cardiac cath findings m pabent
with tncuspid atresia

left ventricle Complete mmng of blood occurs m the Jeft ventnicle with
ofygen saturation 1dentical to that m the systemic artery (2) Raght
atnal pressure 1s elevated and a gradient miy be demonstrated hetween
the nght atnal mean and left atnal mean systohe pressures (Fig 314)
Often giant A waves are present i the nght atnal pressure tracmg The
nght ventricle and pulmonary artery may not be eatered (3) Artenal
saturation 15 low (4) Systemmc flow s appreciably greater than pul
monary flow No accurate calculation of the respectnve resistances 15
possible .
Angiocardiography 1f properly executed preferably by the Swedis
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Figure 314 Withdrawal of catheter from left to nght atrum Note the much taller
A waves 1n the nght atnal pressure tracing than 1 the left atnal record. Also note

1n the muddle column the iacrease 1 mean pressure when entering nght atnum from
left atnum.

selectne techmque 191 1s likely to furnush complete evidence for diag
nosis Single plane anglograms are likely to be misleadmg sometimes
1t1s impossible to tell from a single view whether the nght to left passage
occurs at the atnal or the ventncular level Optimally however a single
plane angiogram may show clearly the passage of the dye from the nght
atrum to the left atnum to the left ventncle and the aorta The pul
monary artery flls late and not distinetly A small unopaaified area
where the nght ventricle usually 1s found may be noted (Fig 315)

Counse AnND Procvosis

Cyanosis dyspnea and poor development are mvanably noted 1
children less than six months old and 1n most cases even at birth Death
usually occurs i congestive failure or m a severe anoxic spell within
the first six to twelve months of life A minonty of the patients usually
those having a large atmal or ventncular defect may survive without
operation untll their third or even_sith birthday At present we have
under observation a thirteen year old boy with tnicuspid atresia deep
cyanosis and severe imitations this 15 extremely rare however Patents
with tricuspid atresia may ce the usual 1 ons of
congenutal heart disease that 1s hemuplegia anemia or polycytherma and
subacute bactenal endocarditis However we have not yet encountered
a patient with tncuspid atresia and bram abscess Obviously these pa
‘et 30 1ot ove Jong envuph to have rheumatic fever

DisrerennaL, Discaosts

The differential diagnosis of tricuspid atresia involves the cyanotic
group of congenital heart diseases in which there may be clectrocardio
graphic evidences of left ventneular hypertrophy There are really only
three conditions to be mentoned single ventricle (p 333) truncus

ezrlenon;s (p 370) and anomalous dramage of the entire caval system
p 528
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Figure 315 Angiocardiograms an patient with tncuspid atesia A The plan film
without dye B Opacifed night atnum with entrance of the dye mto left atnum
Swnultaneous opacification of night atum left atum and left ventricle D Dye in left
atrium and Jeft ventricle and aorta

TREATMENT

The treatment of patients with tncuspid atresia 1s surgical How
cver no truly corrective procedure 1s available at present even i mstitu
tions equipped to perform open heart surgery Only palhatnve pro
cedures—Blalocks or Potts—ammed at mcreasing the pulmonary blood
flow have been performed on these patients and these have been only
moderately successful Our own expenience on a small group of patients
mdrcates an almost 50 per cent operative mortahty and only moderate
improvement n the sunnors Some of the patients (usually small
babies) do not survve the operative procedure and others die some
weeks later 1n congestive fatlure

These mortality figures as well as the symptomatic rehef obtamed
1 the survivors can be improved somewhat 1f at operation m addihon
to an aortopulmonary shunt the atrial defect 1s also enlarged through a
left atnal approach This may wcrease the cardiac output and reduce
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nght ataal pressure Some of our patients with the best postoperatine
results have had this combined procedure and are alive at eight to twelve
years of age

SuMrARY

Patients with cyanotic congemtal heart disease whose electrocardio
grams wdicate left ventricular hypertrophy with P pulmonale have tn
cuspid atresia This 15 a severe anomaly causing cyanosis at buth and
death usually within the first year of hfe Palbative surgery with a high
mortality 1s the only available treatment

DOWNWARD DISPLACEMENT OF THE TRICUSPID VALVE
(EBSTEIN S ANOMALY)

Incmener

Ebstein s malformation 1s rare 1t was first described about 100 years
ago Maude Abbottt did pot mention any instance among her 1000 cases
of congenital heart disease We have scen five patients with this anomaly
m our climic within the past ten years The total numbcr of cases re
ported m the Literature 1s certamnly less than fifty

ANaTOMY

In Ebsteins disease the postenor and frequently the septal leaflet
of the tricuspid valve 1s not attached i a normal fashion to the annulus
fibrosus but rather to the ventricular wall near the apex The antenior
leaflet 15 conventionally fixed to the annulus fibrosus This anatomic con
stellation results m the upper part of the nght ventnicle being mcor
porated nto the nght atnum Thus the portion of the heart above the
apex of the tneuspid valve 1s buge and can be divided 1nto a superior
(atral) and infenor (ventncular) portion the border between the two
1s formed by the annulus fibrosus to which only the antenor leaflet 1s
attached The ventricular cavity 1s small and consists only of the apical
portion and the ontflow tract of the nght ventncle The walls of both
the nght atnum and the nght ventncle are thin and flabby The m
fundibulum of the nght ventricle 1s usually thick The tncuspid valve
15 not stenotic but may show a considerable amount of regurgitation
Exther the foramen ovale 1s open or an atnal septal defect 1s present

The embry ology of this malformation bas not been clearly explamed
so far
PuzstoLocx

1 have no clear cut idea through what physiologic mechamisms the
anatomic abnormality known as Ebstein s disease gives rise to the climcal
picture to be desenbed It 1s dufficult to imagme why hypoplasia of the
nght ventnicle alone should result in the charactenstic chimcal profile
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Figure 315  Angiocardiograms 1n patient with tncuspid atresia A The plam flm
without dye B Opacified nght atnum with entrance of the dye nto left atnum C
Sumultaneous opacification of right atnum left atrium and left ventncle D' Dye i left
atrium and left ventricle and aorta

TREATMENT

The treatment of patients with tricusprd atresta 1s surgical How
ever no truly corrective procedure 1s available at present even m mstitu
tions equipped to perform open heart surgery Only pallhatne pro
cedures—Blalocks or Poits—aimed at creasing the pulmonary bloed
flow have been performed on these patients and these have been only
moderately successful Qur own expenience on a small group of patients
mdicates an almost 50 per cent operative mortality and only moderate
mprovement in the survinors Some of the patients (usually small
babies) do not survive the operative procedure and others dic some
weeks later m congestive failure

These mortahty figures as well as the symptomatic rehef obtamed
1 the survivors can be improved somewhat if at operation m additon
to an aortopulmonary shunt the atrral defect 1s also enlarged through 1
left atnal approach This may mcrease the cardiac output and reduce
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Figure 317 Electrocardiogram of patient with Ebstem s disease Note the marked
P pulmonale with nght aus deviation, mcomplete nght bundle branch block and ques-
tionable if any nglt ventneular hypertrophy

At auscultation a charactenstic triple or quadruple rhythm at a
slow rate and without clear cut gallop quality 1s the most stnking fea
ture phonocardiographic analysis (Fig 316) reveals the components to
be the late first sound the widely sphit second sound and the Joud fourth
sound The pul y closure 1s d hed The systolic murmur may
be vague and “scratchy” m quality or may assume a stenotie character
1f a gradient across the pulmonary valve exists The fourth heart sound 15
usually followed by a distinct presy stokie murmur and occasionally 1s pre
ceded by a md diastolic rumble These auscultatory phenomena are
pathognomonic of the condition and I have observed them i patients
of varying ages from mfancy to adulthood

The clectrocardiogram 15 also typical (Fig 817) Large P pulmonale
1s clearly evident 1n most tracings Cond dusturt ! d
P T interval and incomplete or complete night bundle branch block) are
the rule No nght ventricular hypertrophy 15 noted after early infancy
Leit chest leads show average potentials Figure 318 demonstrates the
change m one patient with charactenstic night ventneular hypertrophy
n early infancy and marked nght bundle branch black wathout clear cut
nght ventncular hypertrophy four years later Arrhythmias such as
premature beats and paroxysmal atnal tachveardia are common

The roentgenologic picture 15 also charactenstic It consists of ex
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Figure 318 The devel of the el in a patient with Ebstemn ¢
anomaly A Right ventricular h)pcmophy ma duld four mnnths old wathaut sigmfi
cant P pulmonale B Marked and di nght ventncular hyper

;mphy and appearance of mcomplelc nght bundle bnnch block particularly
ea

treme cardmc cn]argement, mvolving prinepally the nght atrum with
p y vasculature (Fig 319) The pulmonary artery
1s hypoplastic At fl py the cardiac beat 1s feeble The
entire silhouette of the heart and 1ts activity resembles that in cases of a
large pericardial effusion or pure pulmonary stenosis m congestive
falure
Cardiac cathetenization 1s a dangerous procedure n patients with
Ebstein s anomaly because of the appearance of arrhythmas one of our
patients with this anomaly died during catheterization It 1s because of
this charactenstic of the diseasc plus its extreme ranty that physiologic
data are so sparse Observations on two of our patients and the data
from the h ture 3 341 andicate the foll g charactenistic catheter
findings (Fig 320) (1) There 1s usually no sigmficant mcrease in
oxygen content throughout the right heart chambers and the pulmonary
artery only rarely 15 a small left to nght shunt at the atnal level noted
(2) Right atnal pressure 1s high and the tracing suggests tricuspid
regurgitation Tught ventricular systolic pressure 1s usually normal end
dastohic pressure 1s elevated Sometimes 1t 15 difficult to differentrate
between nght atral and nght + the of the
two tracings may be sumlar differing only m the height of the systolic
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Figure 819 P and oblique rads of patient with Ebsteins dis
ease Note the marked cardiac enlargement mvobing prinaipally the nght atnum and
the diminished pulmonary vasculature

peak (Fig 321) (3) Pulmonary capillary pressure 15 normal as is
the brachia] artenial pressure (4) Slight or moderate arterial unsatura
tion 1s noted (5) Cardiac output 1s low normal Systerme flow 1s shghtly

larger than pulmonary flow (6) The catheter may easily cotl up in the
huge nght atrial cavity
A N

15 Just s d a dure as cardiac
cithetenization 1n patients with Ebstemns disease One of our patients
died thirty six hours after angiocardiography The mformation obtained
by this examinition 1s mummal deed because of the stagnahon of the
dye 1 the huge nght atnum Co 1 phy 1s not
only dangerous but not particularly helpful In contrasl cardiac cath

eterizatwon all}mugh carrying a }ugh rul Iumxshes the cardiologsst with
an accurate d fatas
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Figure 320 Diagrammatic representation of findings at cardiac catheterzation i
patient with Ebstein s anomaly 191

CoURSE AnD PROG\Os1s

Because of the relatnely few reported cases no accurate apprais}
of the hfe lustory of these patients 1s possible at present It may be
stated howeser that symptoms usually start i mfancy or early child
hood and are slowly progressive Death usually occurs i the secung
or thrd decade of hfe One patent has been reported to have reache
sixty ane years of age%® The cause of death 1s usually cangzs(;"i;
falure previously many of the patients were reported to have died o
tuberculosis
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Fgure 3°1 R ght atr al and nght vents cular pressure tracings o patient with
Ebste ns disease Note the tall regurg tant C waves 1 the atriam and the low ven
trcular pressure curve Also cbserve tle bas ¢ sum lar ty between the pattern of the
atnal and verneular curves

DirrereNTIAL Diachosis

Pure Pulmonary Stenosis  See page 451

Pencardial Tffusion  The pnnapal simianty 1s a radiwlogic one
However pericardial effusion may be :dentificd on the basis of the ob
sence of murmur absence of tnple or quadruple thythm absence of
1

lectrocard hic findings and absence of cyanosis
Total Anomalous Pulmonary Venous Dramage The simlanty 1
principally an 1 y one both cond are prone to exlubit mple

or quadruple thvthms Total transposiion of the pulmonary vems 1s
casily identifiable hovever by cvidences of marked right ventneular
hyp phn 1 the electr d and pul y plethora m the
roentgenogram

Rheumatic Mitral Heart Disease  Rheumatic mutral heart disease
may have to be cons dered m the differential diagnosis because of the
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late app of symr and the of a diastolic murmur

coupled with what may be mterpreted as an opeming snap of the mutril
valve A careful review of the history and the nuscultrtory findings to
gether with the fact that roentgenologic < umination reveals no enlarge
mcnt of the Ift atnum casily excludes the diagnoss of theumatic mitral
heart discase

TREATMENT

Only symptomttic medieal treatment 1s available for these patients
Surgical closure of an atmal septal defect was reported 1n one mstince
without convinemg beneficial effects ¢

Suvirary

Patients with shght cyanosis and definste dyspnea on exertion muy
be suspected of having Ebstems anomaly of the tricuspid valve The
chmel diagnoss 1s based on the presence of 1 tnple rhythm with sys
tohe and diastohe murmurs a large heart with 1schemic lung Belds and
electracardiographic evidences of P pulmonale without nght ventnicular
hvpertrophy and marked conduction disturbances These patients are
prone to sudden death i arrhythmas Only symptomatic medical treat
ment 1s available



CHAPTER 17
The Transposttions

COMPLLTE TRANSPOSITION OF THE GREAT ARTERIES
InciDENCE

Complete transposition of the great arteries 1s a rare conditon
children more than one year of age Talung all ages mto consideration
however 1t represents a sigmficant portion of cyanotic conditions Ab
bott! found fortv nine cases in her scnes of 1000 postmortem examin:
tions of persons with congemtal heart diseasc Hanlon and Blaloc) found
123 cases m the hterature prior to 1948 ¢ Campbeli*? estimated that 8
per cent of lus patients with cyanotic heart disease had transposstion of
the great artenies Wood?* estmated its incaidence at 1 per cent of hus
senes of pahents with congenital heart disese We have accumulated
thurty six cases among our 577 patents with proved congemtal heart

disease analysis of these cases furnished most of the data to be pre
sented

ANATOMY

If the aorta ongmates from the nght ventnele and the pulmonary
artery from the left ventncle and if the systemic vews enter the nght
atrium and the pulmonary vemns the Jeft atnum complete transposition
of the great artenes 1s present This results 1n two separate circulations
without obligatory admuature of venous and oxygenated blood Open
mgs n the atnal or ventncular septum may be present and the ductus
artenosus frequently stays open all g some tion b
the two crewmts and msuring survival for at least a hmited time About
half of the patients have an associated ventneular septal defect two
thirds of themn have a patent ductus arteriosus and almost all of them
have an open forumen ovale or atrfal septal defect The ongin of the
aorta from the ught ventnicle 1s usually unobstructed whercas 1n a
sizable percentage of the cases a block 15 present between the left ven
tnele and the pulmonary artery -

We are not discussing wathin the framework of this section situa
twons 1 which transposition of the preat arfenes 1s associated with com
plete or almost complete absence of the ventrieular septum  (smgle
ventricle) with the two vessels onginating from a common mixing cham
ber The sharp of the syst from the pul y crcuit

503
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5o essential to the chinical profile of plete transposition 15 ok ly

not present 1n these instances

Complete transposition of the great artenes 1s an embryologic defect
caused by a straight line division of the bulbar trunk nstead of the usual
sprralling division at the fifth to seventh intrauterme week As a result
of this developmental defect the aorta and the pulmonary artery Ite more
or less parallel with the aorta to the nght and shghtly anteror

PmsioLocy
1 1 1

The physiologic h. p g from 7 ot of
the great arteries are eatremely serious © First and foremost 1s the
defictent oxygen supply to the tissues resulung from the mnability to
transfer adequate quantities of well oay genated pulmonary venous blood
to the systemic circwit A second and equally far reaching consequence 15
that cardiac dilatation and myocardial failure ensue withn a few weeks
or months The exact cause of this 15 unknown the usual explanation
places the blame entirely on the low osygen tension of the coronary
artental blood Another factor contibuting to the marked dilatation of
the heart may be the high cardiac output If it 15 assumed that only a
small fraction of the pulmonary venous blood reaches the systemic cir
cuit then n order to supply suffictent pulmonary venous blood for
survival the total output per minute must be extremely high This of
course overtaxes a heart with poor coronary airculation A third handicap
resulting from complete transposition of the great artertes 1s that even
if an exchange between the aortic and pulmonary arterial blood 1s pos
sible through various communications the amount of oxygen thus fur
mshed 1s almost never adequate to insure normal growth and develop-
ment Furthermore 1t must be reahzed that whenever a shunt occurs at
a certan level 1n one direction another shunt mn the opposite direction
must also be present lest one side of the circulation be rapidly depleted
This of course 1s one of the basic differences between the circulation m
complete transposition and normal circulation in the latter because of
the natural connections between the systemic and pulmonary arcuits
shunts naturally are equalized whereas 1n patients with complete traos
position a compensating second shunt must be estabhshed

Cumvicar, Prcture

The discussion that follows will treat the group as though 1t were
a homogeneous anatomic entity We could not discover any defimte
clinical pattern based on the associated anomalies among our patients
with transposition of the great artenes Most of these mfants are severely
sich from buth Males are more frequently affected than females At
least seven exghths of them are cyanotic within the first weeh of Ife all
of them are markedly blue withm the first month of hfe The presence of
rapid respirations and fatigue even on feedmg 1s the rule Congestive
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heart faslure 15 seldom nated within the first month of hife but 15 present
1 at least a thurd of the infants who live longer than this Severe anoxic
spells are noted m shightly less than half of the patents

At physical ¢xamination one 1s impressed by the severe generalized
evanosis vadh clubbing and poar devel None of our patients
ranked above the tsenty Bfth percentile on our development chart and
more than half of them ranhed well below the tlurd percentile hne At
inspection the vems of the scalp and fingers are mathedlv distended
as are the neck vemns There 1s an inerease 1n the anteropostenor dameter
of the chest, and the cardiac impulse 15 forceful and manumal at the
uphoid process Thnlls are not present The nfants with congestne
falure (twelve out of thuty six) show marked hepatomegaly (without

1 ) and 1ly pul y rales

At auscultation the heart sounds are not remarkable The pulmonic
closure 1s seldom accentuated and only 1 patients who are more than
one year old The pulmonary second sound 1n young winfants 1s normal
or dimmshed 1 mtensity with average sphtting Approximately a thurd
of the patients have no significant murmur at all the others have a harsh
systolic murmur (grade 2 to 4 in wtensity) at the lower left sternal
border bly due to the of a 1¢ lar defect or pul
monary stenosis In none of our patients 1n whom the diagnosis was
proved at postmortem ¢xamination was a diastolic murmur heard The
blood pressure 15 usually normal and the femoral pulses can be easly
palpated.

The electracardwogram shows nght ventncular hypertrophy m all
mstances we had only one patient with suggestive left ventncular hyper
trophy an infant with destrocardia In 90 per cent of the cases the
degree of nght ventnicular hypertrophy 1s more than the expected normal
for that age (Fig, 322) In half of our patients definite P pulmonale (but
no grant P wave) was present

The radiologie picture m all but the youngest nfants 1s distinetly
abnormal Although within the first month of Life many of the patients
have a normal sized or only shghtly enlarged heart after this time prac
tically all 1wofants have mod or marked card lv (Fig 323)
We have seen only one patient (four months old) whose cardiac enlarge
ment was que ble The enl mrolses prmaipally the nght
ventndde hut fauly often the left ventnele s alss wvolved The waum
pulmonary artery segment 1s hypoplastic or absent i most instances
nd the pulmonary vaseulature 15 engorged (Fig 321) The supracardiac
shadow 15 narrow 1 the postercantepor view but st often widens as

Taussig®! emphasizes m the left antenor oblique posiion The jortic
arch 15 on the left in more than 90 per cent of the cases The ascending
transposed aorta often prescnts itself as a “long bulge” at the left mddle
cardiac segment !¢ Definite pul y vascular 15 noted n
more than half of the patients but the vasculature was interpreted as
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- s
Fgued 4 Posteroanter or and both obl que rad ogrims n a patient  th com
plete trauspos t on of t} e great essels Note the marhed ca d ac enlargement the hypo-

plastic ma 0 pulmonary artery segment the nght ventr cular contour and the pul
monary vascular engorgement

bemng dumn shed 1n 25 per cent most of them patients with so ne degree
of pulmonary stenoss One further rad olog ¢ feature that should be
emphasized 1s the rap d increase 1 the size of the 1 eart after the three
to four wech penod ¢

There are few detailed reports of cardiac cathetenzation in mfants
with complete hiansposihon of the great arteries * We have stud ed
five patients with th s method The following salient findings were noted
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Figure 325 Diagramwmatic representatson of the findings at cardiac cathetenization 1
a patient with complete transposition of the great artenes

SHUNT,
L/min/M2
Rt

(Fig 325) (1) Pulmonary arteral oxygen content 1s signiicantly higher
than aortic oxygen content Ths fact alone estabhshes the dagnosts (2)
Direct commumication easts between the aortt and the nght ventrcle
(3) Dependiag on the number of chambers cxplored by the catheter
various level shunts m sarious directions are observed As mentionesd
carlier shunts at the sume level or at vanous levels must be brdurec-
tiopal to keep the cardiac ontput on the two sides equal The atnal shunt
1s usually night to left (systemuc to pulmonary) this cin be best ex
plancd by the of the { osale The d of the shunt
at the ventricular level depends on the relative size of the resistnces 10




THE TRANSPOSITIONS 509

Figure 326 Venous angiogram 1 a patient with complete transpositwon of the
great artenes A The heart m left antenor obhique view without any dye m it B
Fillg of the nght atnum and the nght seninele through the imfenor vena cava.
C Exclusive take off of the aorta Irom the nght cardrac chambers

the two cirewts commonly the shunt 1s bidirectional The blood flow
through a patent ductus arteriosus 1s commonly left to night (pulmonary
to systemic) This agam 15 governed by the 1aho of the resistances and
1s the only way the orgamism may survive if the patent foramen ovale
allows only a mght to left shunt (4) The pressure m the system artery
1s normal 1n the pulmonary artery it vares from normal to systemic
levels
Seven patients with proved complete transposition of the great ves

sels have undergone angography m our chmie The aorta fills completely
from the nght ventnicle 1n the left lateral positron and 1s much more
anterior and much further to the nght than 1< ordinanly seen n
tetralogy of Fallot The aortic arch 1 this posttion 15 wide (Fig 326)

The site and direction of the cardiac shunts cannot be determimned by
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thts method A note of caution should be sounded 1n that during angio
cardiography 1 complete transposition the cerebral vessels are filled
with concentrated dye unless the carotids are fully compressed during
njection

Counse anp Procnosis

The course of complete transposiion of the great arteries 1s a gnm
one Of our thirty sis pattents twelve died within the first month thirteen
between the first and fourth months and only three sunvived longer than
one year Sunilar figures have been reported by heith and his assoc
ates'® and by Hanlon and Blalock *38 The Intter quthors i therr suney
of the hterature prior to 1948 found only six children who hved to be
ten vears old or older

As mentioned earher symptoms usually start early and deith ap-
proaches with catastrophic rapidity  Although other authors have found
a positine correlation between the size and the nature of the associated
defects and the survisal of the patients our cases did not substantate
this perfectly logical assumption bevond the fact that i all three patients
who Ined to be more than one year old a ventricular septal defect wis
present On the other hand ventrnicular defects also were found 1t two
fifths of the patients who died 1 ween the 1ges of two and four weeks

An analysis of our postmortem observations led us to the conclusion
that congestive fulure seldom if ever 1s the immediate cause of death
within the first one or two months of lfe In these voung nfants aspra
tion ve ph of the central nervous system
or lhrombuuc or hemorrhagxc manifestations are the most common
modes of death In contrast the older mfants die 1 left sided and nght
sided congestive failure 1n 2ddition to heart failur. severe pulmonary
vascular obstructive changes m1y be found m these cluldren at post
mortem examunation

DirFerentTIAL Diacnosis

The diffe 1 d of pl position of the great
artertes 1s difficult principally because one 1s dealing with cyanotic
severely 1ll infants who are extremely hard to examine Also they are
brought to the ca.rdxologxst at such a young age that all the most obsculﬂ
and d 1 dragnostic probl have to be

Tct.mlogy of Fallot See page 469

Hypoplastic Left Ventricle with Aortic and Mitral Atresia  See
page 422

Smgle Ventncle with Truncus Arteriosus  Sce page 340

Total Pul y Venous A ly Total pul ry yenous
anomaly especally the vanety with dramnage into the portal system 3
often fused with ! position of the great rtenes because
of the assocration of pulmonary plethora with cyanotic congemtal heart
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disease On the whole plete trinsp of the pul v vems
can usually be identified by chnseal means on the baws of (1) a mild
degree of cyanosis (2) tnple or quadruple shythm (3) marked nght
ventncular hypertrophy with complete R/8 reversal m the electroenrds
ogeam {4} the chractentie x say sithouette (8) differences w the two
conchitions which are readily apparent on cardsac cathetcnzation

Coarctation of the Aorta with Systermie Left and Right Ventrcle
See page 392

TREATVENT

For all tical no dequat medheal or sur
gieal 15 available for lhese youngsters at present

\Medieal regimens are asned 2t treatment of congestive farlure com
bating wnfectons and so forth They are temporarv expedients at best

Complete transposition of the great artextes has been a great chal
Jenge to our surgeons for the past ten years or more The only patzents
m wlmm suxgcxy has been of npp\'cmable he!p sofar are those m whom
y stemosis a shunt
with 1 3t of the atnal septal defect has
resul!ed m conniderable improvement 10 a few of these older chuldren ?

Eaery other effort has ended catastrophically wclading (1) tans
position of the pulmonary vews and systemie veins thus “correcting
the transposition of the great artenes 3 and (2} transposiion of the
great artenies with simultaneons switch of the coronany arculation 32

Perhaps with the ncreased use of the pump orygenator a more
favorable approach can be worked out i the not too distant future For
the time being however m our hospital the shunt operation associated
with the creation of an atnal septal defect 15 the only procedure used
aud thss only i older chuldren whose achivibies are extremely Lmited

The mortality 15 high well above 50 per cent, and the results are far
from perfect

3

Svvinany

Infants with severe early cyanosis prog cardiae enl
and pulmonary plethora should be suspected of having complete trans
position of the great astenes Angwcardxogxaphy is perhaps the best tool
for confi the chimeal @ 15 poor the average
age at death bemg between lhme and feux mmonths Older chuldren pre
senting & comh of 1on »ith pul stenasts
may be helped by a shunt procedure

INCOMPLETE TRANSPOSITION OF THE GREAT ARTERIES
{THE TAUSSIC BING SXNDROME)

A vartation of complete transpositon of the great artenies of some
chnical sigaficance was descnbed in 1949 by Tauseig and Bing ** These
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authors defined the syndrome as consisting, of (1) an overnding large
pulmonary artery (2) a transposcd aorta and (3) a ventricular septal
defect

INciencs

This condition 1s rare We have recogmized two such cases at post
mortem exammation durmg the past ten years hjellberg and his asso
ciates reported three mstances 19

PisioLocy

Hemodynmucally the situation resembles that encountered mn com
plete transposition of the great artenes m that the nortic blood 1s con
siderably less saturated than the pulmonary artenal blood However 1t
also resembles a ventricular septal defect with pulinonary vascular ob
struction 1n that the pressure 1s the same 1 the two ventricles and the
two main artertes

CriNicaL PicTure

The clinical picture has not been suffictently well outhned to be
presented in any authontatn e fashion Taussig and Bing m thewr ongwal
article 3¢ mentioned that chnically these patients resemble those with
the Eiscnmenger comples except that their cvanosis dates back to
buth The patient on whom Taussig based her statement was a five and
a half year old gul one of three patients presented by Mjellberg and
his associates'®® was nmne years old Thus 1t 1s obvious that the prognosts
for these youngsters 15 not quite 1s poor as that for the patients with
complete trinsposition of the great arteries Both our patients however
died at less than six months of age

At physical exammation the findings apparently represent a com
bmation of transposition of the great artenies and large ventricular septal
defect Cyanosis and clubbing are scvere left chest deformity may be
present and a thnll 1s palpable The second pul y sound
15 loud A systolic murmur may be heard at the left sternal border The
electrocardiogram  shows nght ventricular hypertrophy  Roentgeno
logically cardiac enl with pul y pletk 15 noted wath
fullness of the mamn pulmonary artery segment

At cardiac cathetenization the followmg findings are mentioned 1
the hterature (1) The pulmonary artennl oxygen content 1s sigmficantly
Iugher than the systemic artersal oaygen content (2) There 1s nght
ventnicular and pulmonary artenal hypertension at the systenuc level
(8) The aorta and the pulmonary artery commumcite directly with the
nght ventricle

Anguocardiography 1s the only definite mcthod short of postmortem
examnation of maling this diagnosis
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Counse Anp PrOGNOSIS

The conrse of this anomaly 15 not hnown beyond the fact that cyano
sis begms early and that survisal for a few yeors 1s possible

Dirrerential, Duachosts

The & between )] 3t of the great ar
tenes and complete transposition with sentrcular septal defect aud
pul y artenal hyp 15 possible only by means of detailed
carduac cath and diographic studies
TREATVENY

T 18 Dot P ly avalabl
Suvasany

i i of the pul y artery with complete

3¢ of the aorta bles the comb of v lar defect

and pulmanary vascular obsteuction with complete transposition of the
great astertes The prognosis 5s poor but somewhat better than for
complete transposthion No medseal or surgical treatment 15 available

INCOMPLETE TRANSPOSITION QF THE AORTA

For a d of this cond see Tetralogy of Fallot and Large
Ventrrcular Septal Defeet {Risenmengers Syndrome)

CO\JI:LE:X'E TRANSPOSITION OF THE PULMONARY VEINS
In l p of the pul 331 total pul Y
the nght

venous anomaly—afl the pulmanary and systenuc vems enter
atrum The systerme cwremt 35 supphed wath blood from thas common
poot by means of a nght to left shunt fhrough an mteratnial communt
cation (patent foramen ovale or atnal septal defect)

IncipENCE

Total pulmonary venous anomaly s 4 rare vondiion Abbott re
posted only four cases m ber senes of 1000 congenttal malformations
Smuth®* collected seventy five cases from the hterature 1 1951 On the
other hand duning the past ten years we have seen twenty pateats with
this anomaly at The Childrens Medical Center i Boston these per

sonally observed chuldren form the principal basis of the discassion that
follows

Axarorey

Embryologically this anomaly can probably be explamed by the
fasdure of a conueetion fo develop between the atrial portion of the heart
2nd the pulmonar, portien of the splanchase plesus and by 2 persistence
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Figure 327 Diagrammattc repres ntation of the vanous types of total transpositions
e pulmonary veins 92

of the more prumtve connection between the hitter and the systemic
venous system

Darling Rothney and Crug® proposed an anatome classification of
complete transposition of the pulmonary veins on the basis of the entry
of these structures mto the nght side of the heart (Fig 327) In type I
the connection 15 through one common channel to the left or nght su
pertor vena cava In type I 1t 1s through one common trunk to the night
atrium or the coronary sinus In type III the connection 1 through a
common trunk to the portal system In type 1V it 15 through multiple
channels to two or more of the previously mentioned sites

Type I seems to be the most common varsety of the syndrome rep
resenting about 53 per cent of the total number of cases reported 12
the Iiteratwre Ty pe JLas noted i 30 per cent type IIT n 13 per cent and
type IV 1n 2 per cent (a single case m the Diterature}

PaysioLo6y

Total anomalous pulmonary venous dramage represents a profound
derangement of the normal circultory pattern The right side of the
heart and the pulmonary arterial system 1s ealled on to handle 2 much
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Figure 328 Phanocasdiogram of pabent wath total transposition of the pulmonary
yemns Note the systolic murmus and the four heart sounds

greater than merage volume of blood while the hypoplastie systeme
arcwt produces a cardine output brely adequate for surinal In adds
tion the blood leaving the Jeft atriem 1s unsaturated although usually
only mildly so becanse of the much larger pulmonary venons than sys
termue venous return mto the nght atnum

Csnviear Prervne

Most of these youngsters are seriously sick from early wfancy The
sichest ones for reasons not known are probably these in whom the pul
monany vems drun wto the portal system (type 111} The least affected
are chudren belonging to type I with a good sized atnial opeming Symp
toms clude tyanoms dyspues, fabigue, frequent respuratory miechons
and conpestn® fallure Anowc spells and squattmg rarely occur

At physical exammation these patients are usually poerly developed
more than holf of them rank helow the twenty fifth percentde hue on
our standard development charts Shght to moderate cyanoss 1s always
present clubbing is seen m enly half of the children Evidences of severe
right suded congestive Fmlure were noted m suteen of the twenty patients
under observation the ones who did not show congestive falure were
the older chuldsren wath pr bly fairly : v  com
wmumcation On the other hand putents m whom congestive faslure
ppeared the carhiest 1d was the most severe waie the ones with the
portal type of dramage Left chest deformity was present m less than
half of the cases The cardiac unpulse was umformly heaving and mass
mal at the lower left sternal border precordsal thesll was rarely observed

In our expersence the auscultatory findings are rather charactenstic
The frst thing one notices 35 the presence of a tople or quadruple
shythm guang the sppearance of a gallop but wsually without the rapd
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Figure 329 Systolic and diastohe murmurs 1n two cases of total transposition of the
pulmonary vewns
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Figure 330  Continuous murmur in a patient with total transposition of the pulmonary
veins

rate or the “canter quality Phonocardiographic analysis of the heart
sounds (Fig 328) reveals the multiple rhythm to be composed of a late
first sound a well split second sound and a tiurd or fourth sound The
second sound at the pulmonary area 1s of normal or mcreased intensity
Occastonally the first sound at the lowwr left sternal border 1s of boom
ing quahty A grade 8 to 4 blowing systolic murmur was audible at the
lower left sternal border m erghteen of the : twenty patients A low Ire
queocy mid diastolic or presystolic murmur was clearly noted m fifteen
mstances (Figs 328 329) A contuous venous hum type of murmur
was noted m only four patients (Fig 330)

The electrocardiogram (Fig 831) showed might axis deviation of
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Frgure 331  YLeads V3 and % 1 ten cases of complete hmpum:wu oE the pul
monary vesns “ote thet m all mstances night ventnewlar hypertrophy 15 present and
an all but case numbers 7 and 10 the R/S progression fsan Vi and Vg 35 completely

reve

moderate or severe degree with severe night ventricular hypertrophy
It 15 1oteresting to note that a complete reversal of the B/S progression
was observed m all but four mstances the four older chuldren who did
not shaw evidences of congestne fadure Severe P pulmonale was
present 1 three fourths of the pauents

The

pieture 15 pathogn 10 patients with the
type I anomaly Here the annmalous vemns entening the supemor vena
e pve e to a large diac shadow bling o figwre 8 or

a snowman (Fig 332) The patients i whom the ;\nomalcus seins enter
the coronary sinus have a less pathognomonic but still rather character
istie sithoustte with a locahzed bulang m the region of the night atnum
(Fxg 333) In addition to these speafic configurations there 1s always

y vascular nght + lar and nght atnal
d £ aad vapedly o d 1

w0 2l pakients exeeph
those having type I1¥ wansposibon The pulmonary artery is exther
normal or mcereased 1w size the aortic arch s on the left Occasonally
the roentgenalagst may ﬁnd only a lmgc heaxt w congestive faslure
where sepasate cf

Cardiac cathetenzation {(Fig 334) xeteals the followng sabent
feares (1) The orygen content an the nght atrum nght ventncle
pulmonary astery and systemue artery 1s the same There 1s an increase
1 oxygen content at the night atnal level of at Jeast 35 to 4.0 volumes
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Frgure 332 Posteroantertor radiogram of a patient with total transposition of the
pulmonary vemns entening the superior vena cava system Note the charactenstic
figure of erght configuration

Figure 333  Posteroantenor radiogram of a patient m whom all the pulmonary veias
drained nto the coronarsy sinus Note the typical bulge i the night cardmac border
forming a double contour That this double contour 15 not caused by an enlarged left
atrum 15 shown by the posteroantenior and nght antenor obhique esophagograms ad

yoining the posteroanterior
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Figure 334 Dugrammatie sepresentanon of findings st cardwae catheterization m 2
patient wath total transpasition of the pulmonary sews

SHUNT,
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per cent In the type I anomaly this “jump” m oxygen content occurs
at the level of the supenior vena cava (2) There 15 a muld degree of nght
tentncular and pulmenary artenal hvpertension  (3) The “pulmonary
capiflary” and brachial artensal pressures are normal (4) Mild artenal
unsaturation 1s present (3) The pulmonaty flow 15 three to four times
the fow pul usually 1s low (8} The catheter
euther may col up i the grossl) chlated supertor vena cava {type I}
{F1g 833) or may reach the nght atnum via the left supenor vena cava
and coronary staus

Escelleat protures are obtamed of course by means of selective
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Figure 335 Course of the cathcter into the dilated superior vena cava A Catheter
Just entering the superior vena cava B shows it coiling up i thes huge structure

1 ted

anglography 1njecting the dye into the pul y artery as
by the work of hjellberg and his 1ssociates ¥t Venous angiography 15
often helpful as well m demonstrating the pomnt of entry of the pul
monary vemns 1nto the superior vena cava (Fig 338) Obviously this
15 of constderable assistance to the surgeon

Course anp PROGNOSsIS

Total I 1 y venous d 15 a fatal abnormality
According to keith and Tus assoviates 195 80 per cent of these mfants die
before they reach their first birthday most of them before they are three
months old The oldest person with this anomaly reported n the htera
ture so far 1s forty two years old 39 Qur own expertence 1s shghtly more
encouraging at present we 4re folloning up two patients who are e
teen years old a boy who 1s fteen and two guls six and mine years old
respectively

The prognosis of the type III anomaly seems the worst none of the
patients with this type lived to be more than three months old In types
I and II the average age at death was eleven months (This figure of
course excludes the five hving patients just mentioned ) The 1mmedmte
cause of death 1s usually nght sided congestive farlure I by
progressive cardiomegaly (Fig 337)

IDsFFERENTIAL DIACNOSIS

All patients with cyanotic congenital heart dlsease and pulmonnry
plethora should be lered 1n the diffc 1! of P
transposition of the pulmonary veimns

Transposition of the Great Arteries  See page 510

Ebstens Anomaly Because of the trple and quadruple thythms




Figute 3,6 Venous engiogram n ¥ patent with tots] transposition of the pul
monary veins The ten 1 thic i tance entered the supenor vena cava system The
upper left comer shows the pasterounterior rachogramy without any dye The upper nght
cormer shows the dye being injected into the 1 It supenor vena cwa and coursing
Jdown thraugh the supenar vona casa mto the tight atnum The lower left &l shous
a 8ling of the niht atnum nght wontnele ootta and pulmenary arten At the loner
ngta vomer gne secs 3 refilling of the supenor vers cava system from the left from

the pulmonary * ms This pirtore thus clearly cothnes the charactensstic figure of
eght Lonfiguration

Fieu e 337 Tapwd progressme cat hide enlargement s a patiert wath total trany
voution of e pulmonrry vews 4 Prstercartendr tadiograe xa a chald heo years
tfape B Posteroantenor 3 wogrim m the <ame ¢ hent three months later

Koy
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occurnng, 1 both conditions Ebstems womaly should be considere:
(see p 501)

Large Ventricular Septal Defect Lauge sentneul r septal defc
with pmmonary artenal bypertension resembles total anomalous venou
drunage m that both conditions are accompaned by pulmonary plcthora
nght ventricular hyper rophv ind nuld eyanosis However a ventucula
septal defect usually may be identified on chinical grounds by consider
ing, the following factors (1) sunvinal bevond one vear of ige (2,
marhedly ccentuated pulmonary  closure  (3) absence of multple
rhy thm heart sounds (4) some evidence of left ventricular hypertroplsy
m the clectrocwrdiogrim 1 addition to the dommnant nght ventriculi
hvpertrophy ind (5) absence of the chiractenshe ridiographie sithou
ette Cardiac cithetenziion furmshes final evidence m the differenta
dignosis

Smgle Ventricle In single ventricle wath or without truncus ar
teriosus the stmilanties are essentinlly the sime s those occurnng
with 1 large ventricular septal defect Cardiac catheterrzaton easily
establishes the diagnosis Cluncal obsery itions which fivor the dragnosis
of smgle ventnele me (1) absence of chiretenstic auscultaton or
radiologic findings of complcte transposition of the pulmonary vems (2)
the presence of left ventriculwr hypertroply or enlirgement on the
T rim or the elect diogram and (3) the Jirge smgle supra
cardiac vessel withont m easily identifiable pulmoniny artery

Atrial Septal Defect  See page 299

TREATMENT

Surgieal attempts at correction of complete trinsposition of the
pulmonary vems have been reported withmn the past eight years® > "
but not with very encouraging results The purpose of the operition 15 to
crete an cof the pul y venous trunk to the Jeft
atrum  The main techncal difficulty consists m the hypoplasin of the
entue left side of the heart which cither does not allow a satisfactory
anastomoss or 1f such cin be rccomphshed 1s not able to rccommodate
the mcreased flow offered to 1t through the pulmonary vems Each of
these two difficulties has accounted for one death m our series

A third patient however a nineteen vear old girl 1s stll alne and
considertbly improved after an operation which consisted m 1 side to
side ma tomosis of the pulmonary venous trunk to the left atmil
appendage and 1 partl constriction (but not complete occlusion) of
the left supenor vena cava connecting this trunk to the nght supenor
vena cav1 (Fig 838) By this method a considernble amount of blood
1s forced through the left side of the heart and at the sxyme time if the
pressure m the left atnum nises to the pulmonary edemt level decom
presaion mto the right supenor vena civais possible

Withm recent months the Mavo Climie group has reported success
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ful op on total k h y venous & by means
of open heart surgcry *
Susivanry

Complet position of the pul 3y vas nto the nght atnum

results 1 an identscal ovygen content n ajl four chambers of the heart,
the aorta and the pulmonary artery In most wstances the pulmonary
veins emply mnte the supenor wna cava or the night atnum proper
Chmically these patients have mild cyanoms with pulmonary vascular
engorgement and npht ventncular hypertrophy  Pathognomonic roent
genologic findmgs and charactenstie nwscultrton and  electrocardio
graphie phenomena help male the chimen} dhagnosis Cardune cathetens
zation and angiograms are neccssary for 1ccurite diagnosis Most patients
die before they reach the age of one vear but sunvnals into adulthood
have been reported Aftempts at surgical comrection are hemg made

INCOMIPLETE (UNILATERAL) TRANSPOSITION
OF THE PULMONARY VEINS

Bemeaen

I pl of the pul y vams s a farly common
condition at least 100 cases have been reported i the Iterature and 1t
has been i that the by s d E i close to 07 per
cent of youtine 13 We have d ffteen
patients with this defect during the past ten years
ANATOMVY

¥ ane or more but not all of the pulmonary vems enter the nght
atrium instead of the left Pl of the pul
vens exists Almost wathout phion this pl lous dram

age molves only one Jung In other words +f the anomalous pulmonary
venous dranage smohes both lungs ol the veins dram anto the nght
atrium comvirsely sf only some of them drain mto the nght athum only
one hung 15 3mvolved The dramnage from the right lung 1s invohed almost
twice as often as that from the Jeft lang An atnal septal defect of the
ostum secundum type 1s assocsated wath this conditien i about &fteen
per cent of the cases almost axclusnely n patents with anomalous
dramage from the nght lung The powt of cntry to the nght side of the
heart from the nght lung 1 order of preference 1s supenor vena cava
fenor vena cara and nght atnum proper In the vast majonity of
t of ! il ge of the kit Jung the Yelt superior vena
<ava recenves the pulmonary senous blood
The embryologse explination underlyng this anomaly i probably
simular to that discussed in the section on compkete transposition of the
ulmonary vems (p 5043}
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Tng 338 A

PmisioLocy

The phnsiologic consequences of partral anomtlous pulmoniry
venous drunage are essentially the same as those of atrial scptal defect
1t results in a left to night shunt at the atrial level and in an appreciible
number of wstances 1t 1s 1ssoctated with n atnal defect

CLivcAL PICTURE

For practicil purposes the clnical profile m tlus condition cannot
be distinguished from thit of atrml septal defect

Cardiac cathetenzatton may furmsh the anly possible clue suggest
g the d of partial anomal v venous driumagpe by
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Fig 338 B
Fgure 308 Opesateve repass of total transposition of the pulmonacy ves mto the

Séxpcnux vena cava System me 4 maeteen year okt gul (Figure couttesy of Dr R E
s )

passage of the catheter mnto a pulmonary vemn from the night side of the
beart (Vg 3%9) Thos by atself does not vmegwrotally evielish e
durgnosis untess the pulmonary vem 15 entered from the supenor \ema
cava and the sncrease in ovy gen content 1s also at the supenor vena emva
lesel Even though the pulmonary vemn 15 cathetenzed from what seems
to be the nght atnum one m1y w fact have already travessed an atrial
defect or foramen ovale and mav hase approached the lun, from the
Icft atnum The only way to prove with certamty that some of the
pulmonary vems dran nto the nght atn
) & &l

wm 15 to demonstrate by means
of dye dilution

w 1 tmes between the
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s Ll N
Figure 339  Passage of the catheter into pulmonary ven from nght atnum

left pulmonary astery and the ear and the right pulmonary artery and
the ear* 8 Obviously the lung which has the anomalous dramage will
have a significantly longer circulation time than the one which druns
directly mto the systemic crremt

Results of angiocirdiography even with the sclective techmique
have been disappomting as far as accurately outhning the pomnt of entry
of the pulmonary vein 1s concerned

Course AnD ProgNosts

The stat 1S T dl 1 m the } that of
less than 50 per cent of the pulmonary vemns dram into the right atnum
and unless the condition 1s associated with another mnjor ntracardiac
anomaly normal Lfe expectancy may be predicted Since as was stated
previously plete transposition of the pul vy vemns does not
usnally mvolve more than 50 per cent of the lungs 1t would follow that
most patients with partial pul y venous d havea
normal Lfe expectancy However this 1s not true I hase analyzed the
avatlable data n the Ltcrature i tlus respect (Table 34) and 1t 1s clear
that although some patients do ndecd Inve normal hife spans others do
not and 1n some the age at death 1s not known Consequently m my
opimton a prediction as to how long a patient with incomplete transpost
tion of the pulmonary veins will Live should be based on the mdividual
merits of the case much as 1t 1s 1n patients with atral septal defect It is
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Table 34 Age at Death s 42 Cases of Unioteral Anomalous Pulmanary % enowr
Dranage

<fTar H0lax 200 dearr -8 ar >0 Y arr Adusg

& 2 & 5 2 14

From the lterature

mposuble to determine from the size of an atmal defect how large a
feft to-nght shunt exssts In the same fashion the number of abnormally
draming vemns 15 only one of the deading factors in the proguosis of
sncomplete transposstion of the pulmonary vems The status of the vas
cular and the f 1 it of the myocardium are
equally m d the ul effects of this anomaly

Therefore depending on the number of veins imolved the presence
or absence of an assocated atrial septal difect, and a number of other
factors pl of the puls } veins May cause more
or less emt of the \$ If difficulties anse they consist
m nght sided fasture and the other consequences of atrial septal defect
o worth while Bgures on the average Ife expectancy of these patients
exast.

Diererentiaz, Diacnosis

The probl m itk 1d outhned 1n the section on
atrial scptal defect are appheable to partial 1 Y venous
dramage The differentiation from atnal septal defect by mesns of
carduc cathetenzation and dye-dilution curves has been outhmed catlier
w thos secton.

Treamany

Surgcal treatment of this ly can be lished on the basis
of the indications and by means of the techniques outhned in the segtion
on atal defect (see p 299) Fortunately m the hands of our surgical
team at The Children s Medical Center the techmcal difficuity m coping
with partial pulmonary venous anomaly has not been difficult, even f
the preoperative diagnosis was atral septal defeet 37 I case ouly one

lobe of one lung 15 mvolved lobectomy may be the preferred operatne
approach.

Suvigany

Partial transposition of the pubmonary vems usually mvolves one
bung only The signs symptoms and labotatory data are Practcally
identical with those of atrial septal defect Cardiae catheterszation with
special tech may < h bety these two cond: Inds
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cations and tcehmques for operation are 1dentical with those discussed
1n the section on atnal septal defect

TRANSPOSITION OF THE VENAE CAVAL

A few words may be sud about inomalies of the vena cava A per
sistent Ieft superior vena cava may occur 1s an 1solted anomaly, more
commonly however 1t 3s associated with other types of congemtal heart
diseise At The Childrens Medical Center we have seen 1t assocrated
with transposition of the great artenies partial or complete transposition
of the pulmonary vems septal defects patent ductus arteriosus and
tetralogy of Fallot In all these cases the left superior vena cava entered
the coronary smus and drained through it into the night atnium  From all
outward appearinces this anomaly had noe functional sigmificance but it
can be uatremely annoying at cardiac catheterrzation 1if an approach 1s
made through the left arm

Of considerable functional sigmficance however 1s the rare mstance
m which both venae cavie empty wto the left atrum  together wath the
pulmonary vems This 15 analogous to complete transposition of the
pulmonary vems We hawve never epcountered a case of this type m
our chme Taussig®! desenbed the chinical picture of complete transpost
tion of the cavae and Friedhch and lus associates!  analyzed the
physiologic data m cases m winch only the superior vena cava entered
the left atnum According to these authors if both venae cavae dran
into the left atnum a sitution ewsts which 1s sumilar to that of tricusprd
atresia with underdeveloped right ventricle If only the supertor vena
cava 1s transposed the situation 15 usually complicated by another
anomaly such as pulmoniry stenosis which determines the chmical
profile

DEXTROCARDIA

The htcrature concerning dextrocardia 1s full of conflicting and
confusing statements starting with the definiion of the term For the
purposes of this discussion deatrocardin denotes a heart m the nght side
of the thorax with the apex pointing, to the nght (Fig 340)

Everyone seems to agree that dexhocardia without accompanying
t P of the abd I viscera (1solated destrocardia) usually
mphes severe congemtal heart distase In Lichtmans 1 classical study
of 161 patients only three dul not have assoctated congemtal heart
disease There scems to be some disagreement however about the fre
quency of associated cardiac anomalics 1 patients with complete ab
domunal situs nversus and deatrocardta Repeated references we made
m the lterature to the effect that these patients are Likely to have 2
structurally normal heart In our eaperience patients with deatrocardia
with or without abdonunal situs inversus are Iikely to have assoctated
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Figure 348 Y osteroantinor radwgram of the beast 1w @ patient with deatrecardia

congenttal heart lesians this view has gamed secent support from Camp
bell and Reynolds 7

AnaTowy

Anatoraeally w most wstances of murror wmage dextrocarda the
mursor 1s placed 1 the sagittal plane thas the riht ventrcle 1 stll the
anterior \entucle and the left ventnicle the postenor gue the night
athum 1s antessor and bulges out to the Jeft of the sternum and the left
atran s postenor and sapanor The aortic arch 15 on the nght and
descends on the nght The left lung has three Tobes the nght only two
The Jeft side of the diaphragm 1s higher than the nght Bromchectasis
¥ commonly present 3

as 1 commonly the cise dextrocwdia 15 assoctated with con
gemital heart discase thas anatemue sumaton may oty be changed
e aorhit arch particulauly m eyanotic pabients s often on the left
side The Jeft yentricle may Do wtenarly and the right postenorly The
atria may be transposed m aw antcro dhrection and the ventys
les may have changed place i the same plane Only by careful observa.
Yion can the pathelogist clanfy the copfusion af postmortem examination
chically st 1y an almost mmpasstble tash

Cunicar Prorure

“Missor ymage” devtracwrdia with ~bdomuwal sitas unersus should
ot Live any symptoms or phy sical sipns aside from the unusual location
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of the heart even this m1y castly be musscd by competent observers
unless the 1pex beat of the heart 1s carefully palpated at all tunes Palpa
tion 15 the only rehable tool for discovering dertrocardia at physical
exummation  auscultation may reveal only that the heart sounds are
shightly less itense mn the lit side of the chest than in the nght Fluoros
copy 15 of courst the best tool for identifying devtrocardin Exam
mtion of the roentgenograms alone has been hnown to muslead the
best of rocntgenologsts 1f he 1s inchined to put the film up 1w the
conventional position disregarding the markings on the flm The electro
cardiocram 15 pathognomonic i the majonty of nstances demon
strating nvarted Py and Ty with upnght Py and Tovn with imverted
Pir and Ty This electrocirdiogram cn of course be easily repro
duced if the lcft and nght arm leads for 1 normal person are exchanged
If a patient with devtrocawdin and abdommnal_situs mversus does not
have tlus electroc rdiographic pittern the diagnosts of “muror mage
detrocardia should be questioncd and the prescnce of additional con
gemtal heart diseise should be suspected

In contrast children with 1solated deatrocardin (that 1s wathout
abdomunl situs mversus) more commonly have signs nd even svmp
toms suggestulg congenital heart disease specifically septal defects with
or without pulmonwry stenosis A majonty of these patients are cyanohc
and hwe poorly vasculnzed lung fields and a left aortic arch Taussig
stated that a single ventncle 15 the most common associated anomaly
encountered 1n this situation At postmortem exumnation  Interestingly
enough the tvpical “nurror mage  electrocardiogram 1s rare m these
cases Campbell and Reynolds™ found only three such electrocardio
grams m a study of fifteen patients According to them there 1s a close
correhtion betw een the direction of the P waves and the side where the
nght atnium and the superior ena cava are located If Py 15 mverted
the nght atnum and the superior vena cava are on the left side con
versely af Py1s upnght then even m the face of chmeal evidences of
dextrocrdha the nght atrium and superior cava most Dikely are on the
nght side Among our own patients truncus artenosus transposttion of
the great arteries nd Pulmonary stenosis were the most common ano
malies encountered Cathetenzation and angiographie studies are often
confusing  but usually they gwve relatinely accurate mformation as 0
the nature of the underlying cardiac 2nomaly

Course Anp Procnosis
The prognosis in dextrocardia depends entirely on the accompany
mg abnormalities The “murror mnage” type as mentioned 1s often
d by bronct 15158 Many of the patients with “ssolated
dextrocardia die 1n infaney | of Bl tal heart
disease such as pulmonary stenosis truncus arteriosus or transposition of
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the great astenes Others follow 1 course sular to that of patients with
the tetralogy of Fallot

DirrerensiaL Diachosis

Destrocardia stself should be dilferentinted only from conditions i
which the heart 1 pasted or pulted over mto the nght side of the thorax
by an acquired condstion of the lungs or the mediastinum Usually ths
55 possible without much dficulty on the basis of the radiologie picture
and a hustory mdiciting that the displacement of the heart was not
present at buth or in early mfwney The accompanying satracardac
lesions are extremely hird to evaluate without clab Iak v
studies

TrEATVENT

Patients with Rantageners syndrome (bronchiectanis winusiis and
situs wmversus} should be cared for according to the usunl medscal and
surgical prneiples underly ng the treatment of bronchiectass

After careful chmscal and physwiogic eralaation patients with
vy auokic congenatal heart disease and dimumshed pulmonary artenal
pressure should probably be operited on using exther Potts or Blalochs
techmque Multiple anomales and the unusual anatomy of the great
vessels are common enough o male the operatise nisk as tugh as 43 to
50 per cent gven at a favorable age Only patients with severe and
progressive disease should be considered candidates for operation

Suvvsany

Destrocardia whether the “msrror image type wath abdominal situs
msessus or the “wolated vanety 1s commonly assoctated with severe
eongemtal heart disease Patents m the latter group are more prone
to have accompanying anomakies than are those in the former truncus
artenosus single ventricle pulmonary stenoms 4nd transposibon of the

great wtertes should be d among the lesions encoun
tered The course of the disease as well as the mdications for and the
natute of the depends not on the dext iz stself but on

the accompany g anomabes

LEVOCARDIA WITH ABDOMINAL SITUS INVERSUS

Levocardsa for the purposes of tus discussion denctes 2 heart iy
the Yeft hemithoras with the apex pombing to the left this of course 15
the normal posstion of the heart In the patients under discussion the
Beart i this normal positton 18 d with transposed abd 1
viscera (stomach on the nght) struetwral congenytal cyrdiac anomaly
and commonly absence of the spleen The pathogenesss of this conditton
1s not knawn Forgacs! 2 thaught that the change w relatonstup between
the Inor and the heart 15 responsible for the venous dramage mto the left
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rather than the right side of the heart and the consequent abnormahties
n septatron and the development of the cono truncus structures The n
sult producing this developmental anomaly probably occurs between the
third and fourth embryonic wechs

INcIDENCE

‘The ranty of this condition has been pomted out by Campbedll and
Forgacs ™ who were able to report only fourteen cases of their own and
nincteen from the hterature between 1947 and 1955 We have encoun
tered eleven children with this anomnly wilin the past ten years at
The Cluldrens Medical Center in Boston 177

ANATOMY

The chssification proposed by Campbell and Forgaes™ seems to
me to be the most logical They divided the patients mto two groups
one group 1 which the venous (nght) atrium and the supertor vena
cava are transposed to the left wide 1s clmcally recogmzable by n
mverted P wave mn lead I and by the fact that the aortic arch 15 on the
night In the sceond group the more common one the \venous atnium
and the superior vena cava remain on the right and Py 1n the electro
cardiogram 1s upright the w0rtic weh m these patients my be left sided
or nght sided Patients m both these groups have partial or complete
transposttion of the great vessels scptal defects and pulmonary stenosis

Our own expertence mdicates that abnormalities of the atnioven
tricular region 1 terms of an oshum primum or atnoventriculr com
munis type of defect associated with common truncus arteriosus pul
monary stenosis or transposttion of the great artenes are the most com
mon ntracardizc anomalies encountered

Crinicar. Prcture

The clmseql cathetenzation and ngrographic pictures as well as
the natural history of the discase are determined by the particular type
of congenital heart disease which accompames thus syndrome The oldest
patient mentioned by Campbell and Forgaes was mneteen years old
most of those described in the hterature hive dred m mfincy or ewrly
cluldhood None of the children we examined post mortem bad hved
to be one year old Inadequate pulmonary blood flow 1s almost nvanably
encountered cyanosis 1s usually severe

DiFFerenTIAL Diacnosis

The most mmportant point to remember about these patients s that
they often resemble those with a simple uncomplicated tetralogy of
Fallot which mn fact they aImost never prove to be The presumptne
diagnosis i every one of Young and Griswolds®® eight cases was
tetralogy of Fallot we have made the same error oursclves The only



THE TRANSPOSITIONS 533

way this pitfall may be avorded 1s to follow the course of the mgested
barwm until 1t has gone below the daphragm at fluoroscopy and to take
careful note of the posinon of the stomach

TREATMENT

Because of the presence of oy anosis 1 a patient with schemic lung
fields the shunt operation scems a logical approach to the problem
H the H 3 anntomie swuation does not lend itself easidy
1o this type of correction Potts or Blalocks procedure may be the only
sahation for these patients but operation should not be proposed lightly
since the surgieal mortality was 100 per cent 1 the four smalf infants on
swhom we attempted operation at The Chuldrens Medical Center Camp-
bell and Forgacs™ descnbed thewr operative eaperience as less fortun
ate” than Young and Griswolds ™ who themsebves lost three of exght
patients {all those less than two years of 1ge) Considenng the fact that
r’ncst of these patients die before they reach one vear of age these Bgures

the of this with or without surgreal
wtervention

Suveaany

Levocardir with abdomunal situs mversus usuwally 15 accompamed
by severe cyanotic congenstal heart disease The chmcal profile mav
resemble that of a patient with a severe degree of tetralogy of Fallot but
anatosucally truncus artenosus pulmonary atresia and transposition of
the great vessels with an atnioventnculans communis type of septal
defect are the most commosn abnosmabities found \ost patients die
mfancy a shunt procedure may be attempted 10 patients with defimite

E t but the bty 15 Iy high
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PART FOUR

ANESTHESIA FOR CHILDREN
WITH HEART DISEASE






CHAPTER 18

Anesthesia for Children
with Heart Disease*

The pediatnennn 1s frequently called upon to advise 1n the anesthetie
wanogement of pitients with heart disease Thus it scems worth while
to review briefly certam basic considerations related to the anesthetiza
tion of these children and to discuss the specific problems presented by
the mndividual cardiac lesions

In view of the fact that at The Childrens Medical Center we have
had considerable expenence in the care of cluldren with congemtal heart
disease (Table 35) these lesions will be discussed 1 more detail than
the acquired ones with which we have had more hmted experience
Simce we have used open heart surgery by estracorporeal circulation or

hypotherma for only a short time the discussion of these topies wall be
only cursory

GENERAL CONSIDERATIONS

There are four basic problems concerning anesthesia which are
common to all children undergoing open chest surgery

1 PrEPARATION OF THE PATIENT

Obviously any child facmng a cnitical operative procedure should
be 1 optimal physical condition If necessary his cardiac status should
be ymproyed by rest and medication Diseases deficiencies and foer of
mfection not related to the cardiac leston should be eliminated if pos
sible Particular attention should be paid to respuratory nfections and
dental caries Routine laboratory studies should be carried out

‘The psy chological preparation of the child 15 of great importance
gentle handling and reassurance are necessary Furthermore patients
should not be fatigued by bemg rushed about the hosprtal for estensnc
studies on the day before operation

On the morning of operation adequate sedation 1s definitely md:
cated to mduce a drowsy umexaited patient Barbiturates and opuates
are usually combimed for this effect with atropme added as a vagoly tic
and antisecretory agent 5!

This ection was pr pared by Robert M_Smuth M D  Chief Anesthesiologist
The Children s Medical Center Boston Massachusetts
537
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Table 35 Operations Performed ot The Chidrens Medical Center for Correction
of Congenital Cardiac Disease as of Apnl 1956

Tpe of Lesion Operattons Performed
Patent ductus arteriosus 830
Coarctaton of the aorta 415
Tetralogy of Fallot 260
Pulmonary stenosis 70
Atnal scptal defect 61
Vascular ring 82

Total 1718

2 ANESTHETIC REQUIBEMENTS

The agent and technique of anesthesta must be adapted to the
demands msolved For pediatric chest surgery, only a light plane of
anesthesta 1s nceded since these procedures do not mvolve deep pam
stunult or require muscular relaxation However 1t 15 necessary for the
anesthetist to control the resprratory movements of the chest and dia
phragm m order to give the surgeon a quiet feld i which to perform
his delicate work

A general anesthetic 1s best suited to this tash and it must be given
by means of a system which enables the anesthetist to assist with the
patient s resprration or to take over this function entrely Endotracheal
mtubation 1s mandatory

The particular agents and types of apparatus to be used varv with
the size and age of the patient and waith the seventy of the cardiac lesion
The techniques which have been standardized for some tme m this
mshitution seem satisfactory and provide the desired control and support
of the patient

The to and fro absorption techmque 15 used on all cluldren weigh
mg less than 385 pounds In those weighing more than 35 pounds the
circle absorption techmique 1s used since larger children easily tolerate
the valves mvolved and exhibit signs of carbon dionide retention less
often with this method than with the use of to and fro camsters

For mduction and maintenance of anesthessa strong active cluldren
wath normal cardiac reserve tolerate mitrous ouide oxygen and ether
This combination 15 used mn most operations for patent ductus arteriosus
and coarctation of the aorta In young children or those who have myo
cardial damage cyclopropane offers a smoother mduction a hghter
course and a more rapid recovery than ether 3+

3 VENTILATION
The support of respiration and the induction of anesthesia are s0
closely associated that they are usually thought of as being rdentical
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as a matter of fact, a patient may be decply ancsthetized and sull be
madequatcly ventilated

Mamtenance of respiratory tachange n cluldren duning open chest
surgery 1s often diificult becausc of the rapid respratory rate the msta
bihty of the thorax and the specd with which hypoua 1nd respratory
aadosis develop The ! must tan a lugh conc of
oxygen and, by manual or mechanial means assist its passage mto the
fungs with each brcath The cachange must be obsenved continuousiy
by means of the stethoscope by visual obsenation of the lungs and by
watchmg for signs of hy pova or carbon dioxide excess

4. BLoop REPLACEMENT AND SUPPORT OF THE PATIENT

Blood Joss may occur suddenly and dramancally or slowly and
anstdiously In erther case it may be dufficult to manage Rehable wtra
venous cut down nf should be bhshed bedore operation
patents undergoing thoracie surgery, an ample supply of fresh blood
should always be on hand The amount given should be measured care
fully and depends on the estimated blood loss and the chaical signs
{blood pressure pulse amphitude and heart sounds) $12¢

In uddition to blood repl nt other supp 3 (ad
mimstration of water, electrolytes and calories) should be supplted dur
1ng prelonged proced Intraven 1 of Jants such
as calerum chloride or Neosynephune may be y It Jatory

that hypertheroua be prevented by cooling the room or the patient
Excessive Joss of body heat 15 also undesirable Cardrac acuon should be

3 d by the stethoscope and ferably by the elec
b diograpt larly dunng wvohiang high risks

CONGENITAL HEART DISEASE
Facrons Assoctaren wimn Specic Lesions

Dunng the correction of vanous cardiac anomalies spectfic prob
lems anse which are ch of the ndmadual lesions These
problems may be purely anesthetic surgical or phystologic but they
become of prmary importance to the anesthetist who 1s endeavoring
to mamtain the general stability of the patient

Patent Ductus Arteriosus  Correction of patent ductus arteriosus
mnvohves the Jeast danger of any operation for congenital heast disease
provided the chuld 1s at least three years old and the shunt is not too
large The chld usually comes to operaton m good condition with a
strong myocardium and with all tssues well oxygenated He tolerates
any of the general anesthetics well and offers few problems (Fig 341)
unless there 15 1nadyertent hemorrhage from a tom vessel

However if the ductus 1s Jarge and particularly of 1t 15 assocated
with ap ble degree of pul y vascular obstruction the
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Figure 341 Anesthesia chart of st year ald child dunng operation for dision
of patent ductus arteriosus Reaction of child 1¢ uneventful except for abrupt reduc
tion of wide pulse pressure whon ductut 1s clamped Closed cucle pulse Open cucle
1espration V' systolic blood pressure A diastolic blood pressure

operative nisk inmediately soars from a neghgible 1 per cent to as mueh
15 50 per cent in some chnies The problem here 15 pnmanly a physio
logie one smce mortahty 15 due Inrgely to cardiac falure after oblitera
tion of the shunt The anesthetist can affect the outcome m these cases
m the following ways

1 An even quet mduction prevents strunmg and further clevation
of pulmonary arternl pressure

2 A light even plane of anesthesia prevents placing any addibonal
burden on the myocardium

3 Carcful ventilation prevents hypoxa or carbon dioade eacess

4 Control of blood repl. and the 1 use of vis¢
pressors mamntain the blood volume and pressure within safe hnts
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The choice of cyclopropane for such patients has been based on
the rapid nonuntant action of this agent Although 1t has been reported
to cause cardiac imtability this feature can be elminated by adequate
ventilation of the patient Furthermore satisfactory cardiac output is
maintamed and recovery after operation 1s rapid These features make
cyclopropane the most widddy uscd ancsthetic agent for patients wath
sesere congemtal heart discase

Coarctation of the Aorta  This lesion 1 1ts uncomphicated form
also raises few problems \ost paticnts coming to operation re between
ten and thirty years of age and have strong active hearts They tolerate
well the vanous types of general ancsthesia Although light nesthesia
1s usually adequate madvertent use of a deeper plane of anesthesia will
not be disastrous as 1t may be mn a patient with a damaged myocardium
Induction with Thiobarbital mitrous onde or cvelopropane and mam
tenance with ether has proved sumple and effcctive Ether 15 selected
because 1t 15 easy to vdmumster and because 1t does not obscure blood
loss by elevation of blood pressure as sometimes occurs with ¢yclo
propane

The great concern of the anesthetist dunng this operation 1s blood
replacement and contral of the widelv fluctuating blood pressure (Fig
342) The hypertension shawn by pattents comung ta operation usually
falls considerably with duction of anesthesia and continues to fal} as
blood is lost from the mghly vascular chest wall It 1s deswrable to
stabilize the systohic pressure at 120 to 150 mm of mercury before the
aorta 1s clamped since the clamping may cause a rise of as much as 100
mm of mercury After removal of the coarcted segment release of the
clamps may be followed by a sudden fall m blood pressure with result
ant shock Thus can be prevented by adequate blood replacement and by
slow removal of the aortic clamps provided there 15 no hemorrhage from

e great vessels
Add 1 problems are d 1f the patients are erther very
young or are old enough to have arteriosclerosis Occasionally infants
are brought to operation for correction of coarctation of the aorta They
require increased attention from the anesthetist both because the anes
thetic management of nfants per se is more difficult and because the
vascular anomaly 1s usually more senous In patients more than thirty
years old marked arteriosclerotic changes usually become apparent
the great vessels consequentlv the danger of unexpected hemorrhage
from sclerotic sites increases the operative nisk

Tetralogy of Fallot A considerable number of anesthetic problems
are invohved 1n the management of patients with cyanotic heart disease
The younger age of the patents the underlying tissue hyposa and
especially the low ambient blood pressure combme to make the anes
thetic management of these children far more exacting (Fig 343)
Factors which further impenl oxygenation or blood pressure must be
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Frgure 342 Chat of twelve year old boy during operation for coarctation of aorta
Instually elevated blood pressure falls with establishment of anesthesia to mise agan
when aorta and left subelavian artery are clamped Rapid fall at release of clamps
may be cntical 1f blood loss 15 not adequately replaced Aserage duration of operation
15 three to four hours

controlled carefully The straming of an excited cluld before operation
can cause sertous hypoxa as can laryngospasm due to rapid mduction
of anesthesia These effects can be avorded with the use of sedation and
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Figure 343  Chart of three year old cluld durmg Potts procedure for tetralogy of
Fallot Increased irregular pulse rate low systohic and pulse pressures are characterstic

careful technique The decreased ventilation incident to surgical open
mg of the chest may be compensated for 1if the anesthetist assists respira
tion However while the pulmonary artery 15 occluded for anastomosis
Litle can be done to balance the resultant handicap speed of the surgeon
1s of the utmost 1mportance at this stage of the operation
Though stronger patients tolerate ether for the Blalock or Potts
d dant d m peripheral often causes
hYPOtensmn This occurs less fr ly with cycloprop A
consisting of nitrous onde and oxygen with relaxants may also be used
However ugher concentrations of oxygen may be guen with cyclopro
Dane anesthesia hence cyclopropane again scems preferable Hypoten
$10n during operation for tetralogy of Fallot may be due to hypovolemia
but 1s more often due to a weak myocardium 1mpaired by hypoxia The
use of increased amounts of blood will not rectfy this condition mam
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tenance of optimal oaygenation and blood velume balince 15 essential
We also have leaned to rely greatly on the use of calaum chloride and
Neosynephrme to maintain cardiac output and coronary perfusion dur
ing cnbical pertods mosurgical procedures In emergencies 300 to 400
mg of a 10 per cent solution of calcrum chlonde are mjected mtra
cardially For supportive use an infusion of 500 mg of caleum chlonde
and 5 mg of Neosynephrine 10 100 m! of 5 per cent dextrose i water
15 given m addition to the plasma or blood infusion

Hypothermia has been advocated by several groups for operations
on severely cyvanotic children The results have been good but not
remarhable and a multitude of new problems are mtroduced by the
technique

Pulmonary Stenosis with Intact Ventriculr Septum  For pulmon
any stenosis the Brock valvotomy has been our routine procedure at The
Cluldren < Medical Center During this operatson the valvotome 1s mtro
duced through the wall of the otherwise mtact and active heart Patrents
are onhy shghtly cyanotic af at 2l and hypotension seldom occurs The
operation 15 of considerably shorter duration than the other procedures
under consideration However the valvotomy stself causes more dircet
disturbance of cardie action than the extracardiae procedures hitherto
menttoned and large losses of blood may occur rapidly For these reasons
the ncidence of sudden crises has been relatrsely gh durnng this
procedure

Anesthetic techmique calls for special care prior to and dunng
salvotomy Varous agents may be used but strong regular cardiac
action should be established before the valvotome 15 passed and prepa
rations must be made to replace blood rapidly For falterng cardiac
action durmg vahotomy calcium chlonde 1s often of great assistince
and preferable to epiephnne or ephedrine Both these agents can duce
dangerous arthsthmias i the anesthetized heart and they should be
reserved for resuscitation of hearts m asystole

Atrial Septal Defeet This defect often associated with an en
larged wcakened heart and with pre esisting arrhy thmias i olves new
wornies for the mesthetist As i patent ductus arteriosus the greatest
sk 1s met 0 pattents wath pulmonary vascular obstruction The use o
drugs to regulate hoart action prior to operation seems mdicated nd
quimdine has been chosen because 1t appears to depress the my ocardiam
less than procame amude does

A weak enlarged heart may tolerate hght mcsthesia whereas the
eflects of full surgical anesthesin m1y be disastrous Hence the ppmiry
concern of the ncsthetust 15 to ensure a hight even anesthesia carefully
avording respiratory obstruction carbon dioside accumulation or hyper
volema

Passage of the end heal tube often req greater
depth than any other stage of the operation If this depth 1s accomphshed

thetic
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with ethicr arculatory collapse may occur The use of 4 slight concentra
tion of the anesthetic agent 1n conjunction with 1 muscle relaxant affords
a safer techmque than the use of wny single agent The remander of
the procedure can be performed wath the patient under hight cther or
cyclopropane anesthesi

Although even moderatcly deep anesthesia can be dangerous to
them most patients do tolerate first plane anesthesia and do not require
the extremely hght techmiques dunng which the patient my even react
to spoken commands dunng operation

Surgery of atral septal defect in patients with severe pulmonary
vascular obstruction 15 assocrated with prohibitne mortality

There are several surgieal procedures for the closure of atnal septal
defects Methods used 1t The Childsens Medical Center have not
cluded cardiac bypass but have been confined to the Gross “well”
techmique or to sutuning the defect from the outside guided by a fnger
passed through the atnial wall The heart tolerates such nsult surpns
mgly well although occasionally heart block occurs when sutures are
placed near the atrioventricular node

Often patients treated for atrial septal defeets are adults The
recovery penod for these patients 15 sometimes associated wath respua
tory depression and atelecttsis especially 1n mstances 1 which there was
pre existing pulmonary hypertension and a tendency toward “wet lung”

Orex HeanT Surcery

At this mstitution we have had little esperience with the use of
hypothermia or the pump oxygenator We believe however that the
pump oxy genator wall soon enable surgeons to approach the open venir
de with greater safety than the use of hypothermin which increases
cardiac umtability plasma potassium and pH 10¢ 38

RHEUMATIC HEART DISEASE

Chuldren with rheumatic heart disease also present defimte problems
n anesthesia

The preoperatne exammation must mclude determmation of the
degree of myocardial and salvular damage and past and present decom
pensation and a history of admmistration of steroids or digitalis If the
child has recenved cortisone within six months 1t 1s mmportant that full
dosage be gven and that the cortisone level be re established prior to
anesthesia 201

If the mitral valve mvolvement 15 severe 1t 1s necessary to plan
medication and anesthesia so 1s to prevent development of tachycardin
Moderate use of atropime or scopolamine with cy clopropine has proved
safe for this purpose

When children have been digitalized prior to anesthesia 1t would
seem wise to continue the use of digitahs throughout operation
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ANESTHESIA FOR NONCARDIAC SURGERY IN CHILDREN
WITH HEART DISEASE

Cluldren who have heart disease occasionally require clectnve o
emergency surgery as do normal children The anesthetic management
and nsh mvolved deserve special comment

If the heart lesion 1s 1symptomatic and the child leads a normal
hfe he should be able to tolerate anesthesia without addtional nsk or
alteration m anesthetic techmque provided physiologic conditions of
oxygenatton fluid balance and so forth can be mamtamed States of
shoch or hypoxia will undoubtedly be more dangerous i even mild heart
discase  consequently anesthesta must be conducted with mcreased
caution

Children react rapidly under anesthesia and unless they are ob
served with eatreme care respiratory obstruction anesthetic depression
heat retention or other dangerous states may develop Consequently
although asymptomatic heart disease does not appreciably increase the
nish of thes:a m children the nisk 1s suff to Justafy the obsera
tion of several practices that sometimes are overlooked m pediatric
anesthesia

1 The use of adeq preoperatne sed prevents
fear and consequent cardiac wntability

2 Supplemental oxy gen should be led in under the mash when open
drop ether 15 used

8 Blood pressure should be recorded during all procedures requir
g general anesthesia

4 Resprratory and cardiac function should be observed contmuously
by means of a stethoscope attached to the child s chest

If children have symptomatic heart disease with restricted activity
cardiac enlargement €} anosis pu]monar) vascular obstruction or other

signs of more senous cardiac 1nvol t the risk d with anes
thesta and surgery mcreases m proportion to the seventy of the cardrac
lesion  Additional prob} m hetic anse

The necessity for the operation must be clearly evident and any
procedure which 1s not essential for the health of the child should not be
undertaken

If a general anesthetic 15 to be used even for a mmor operation
it 1s wise to hospitalize the child the night before so that he may be
examined carefully have essential laboratory tests performed and have
tiume to recenve sedation and become attuned to the new surroundmgs

In children with severe heart disease increased attention must be
focused on ch g agents and techmiques which will gne rapd non
umitating mduction so that there will be 2 mimmum of resistance and
strunng  Cyclopropane 15 better than mitrous oxde or Vinethene for
this purpose Intravenous Thiopental may be espectally useful for older
children 1 whom an infuciomn hac hean <tarted nraor to armval i the
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operating room A mununum of Thiopental should be used 1 paitients
who have severe cardiac lesions After induction light cyclopropane
anesthesia with lugh oxygenation and assisted respiration  provides
optimal conditions for both the patient and the surgeon m the myjonty
of cases Although additional relaxation 15 scldom necessary 1t may be
obtamed more safely by supplemental use of rclnants than by deep
planes of ¢yclopropane or ether ancsthesit

In the presence of cardrac decompensation spal anesthesia s
worthy of consideration 1n children aght to ten years of age or older
provided they seem cmotionally adaptable However most procedures
can be successfully carmed out with the patient under cyclopropane
anesthesia When x ray 1s to be used 1n conjunction with the anesthesia
as m cystoscopy reduction of fractures or bronchoscopy ¢y clopropane
1s contrandicated because of the hazard of explosion Thiopental
nitrous onde and oxygen may be used in these situations However in
small children this combination may introduce an even greater nsh
namely depression and hypoxta As 1 compromuse ether probably 1s the
most sahsfactory agent if used with adequate precaution

Even mild degrees of airway obstruction must be avorded For this
reason end heal b 15 1nd d for most procedures that
are to be of more than a few minutes duration

Management of flind therapy 1s umportant Patients with excessne
hemoconcentration should not be dented flud for prolonged periods
before operation Blood and fluid losses must be replaced quickly during
operation and hypotension must be avorded The use of vasopressors 15
ndicated of flud therapy does not restore blood pressure promptly Of
equal danger 15 the ad 1on of of flurd as a
matter of fact 1t 15 safer to mantam children 1n a shghtly dehydrated
state duning therr recovery from operation

Obwiously Ihn should be ad d the day before and
the day after any surgical mtervention m children with heart disease
to avoid the danger of bactenial endocarditis
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m d it

1

yascular obstruction s tetralogy
of Fallot with unilateral pulmonary
atresia 482

Shunt cyanosis 276

1 Ebstein s anomly 497

1n heart block 101

m 1hopathic pulmonary regurgitation
484



INDEN
Sounds in mcompkle tane of

583

Sty wrad m acute thou

great anterics 512
 farge wentoentas wpul defect 315
m mutral stnosts 89152
m parory sl tachycindia 168
ta patent ductus astssosus 314
uuh pulmonary  hyperienston

n pubmn.uy hypestension 98
10 pulmonary stennsis 98 99
with fntact ve rtncular septum 440
1 pulmoniry vasculwr ohstruttion syn
drome 43

m shenmatie carchtis 134

sn sumple coarclaton of aarta WL

3 small sentrcular septat defect 307
n tetralogy of Fallot 457

m thrd-depre atnmentricular block

W tneosprd atrewn 488
»n truncus arfenosus 372
w underderedeped ldv ventricle 4.0
n yentricular septal defect wath sortie
regurmtation 328
with pulmonany stenosis 323
scmm! smmd anscultakian 9 10
onotardingram 98
d\ud smmd ansenltation 9
phonocasdogram 99 100
Spells anoxic i ustery 4
Spnal snesthesta m noncardiac Surgery 1o
chuldsen with heatt disease 547
Spleen absent and abdomma! srtus i
ersus suth levocardia 15 tetralogy
of Fallor 469
pilpatin 11
Splenomegaly 1 subacute bactenal endo-
carditts 169
Squathing m artenal 27

matie fover 147
m etwlogy of thomnatie fover 130
m etiofogy of subacute bactcriad cslos
cudits 187 168
Streptowmgun m acute bactirial cadowar
itss
m suhaeute bictestal cdocnrditss
Stroke volume an congostne Fulur
Subxlasian antary snomalens 451
ancidonce 413
Subcndocasdial scegoss 216-9
as cause of atrioventracatar block 29
chimscal proture 217 2L
clectiocardogtam e 218
chiotoyy 217
hustologre pretuce 218
putholoyy 216
propaoss 249
Toergen fndigs 218 218
treatpuat 219
mutrsl stenosis 4.2
As yvertnouler septal defoct Gl”
Suprasternal theull in heast discase
Suprnenteeihe prcmamn hmt 78 79
Suprarentricular thythm:
Supraenticular t:uh\cardu\ s tentnen
far tachycardia 83
Surgeny carduc or thoriose Sece undex

a2
244

o

nencardiie n children wath boart dis
case ancthoma for 5467

of dneases underying congestne fard
wte 53

Swan operation for atnal septal defect
299

s pobmonary stenoss with mtact
\(mnculqr septum 452

§ T segwent, in hypocalcema 6o
wn tayacardial disease assouiated with
acute g\um&nﬂbmplaﬁn 250
assucrated wath 224

m cssential
253
System review 1n tustors 4
Systemuc and pubnosary comts  com

sn perrcardial disease 234

m pulmonary stenos s \\ll]\ mta(t
sentnealar septum 443

w 3ystobe overloading of \enmchs
278

3T wave an my xardial ducase associated
with Inedreach s ataug 22>
Stenosis See Aot stenosis Pulmonary
stenosir Trcuspd stenosis
Stethoscope prdatrec §
nawral for auscultatwn @
0 y? for phy A?

graph B3
Stlls dusease See Arth s rheumatind
Storage discase ghyeogen of heart See
Clyeegen sto age dhease

between 284~377

T wass 65
n aberrant angin of corontry artery
214

0 constrkbLe perscard ks 243
m clectrocardiograms of nfants and
cluldren
mn infection & ciseases 228
0 myocardial disease associated wath
wte plomeralanephntis 230
assoctite b with diphthesn 204
assoctated  with  Fredreach's
ata 225
1 pericardind disease 234
M putasHIm sptoncation 6%



584

T wave 1 pulmonary stenosis with mtact

ventricular septum 443 447
m smmple parovysmal tachycardin
190
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